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Abstract
Research on gut-brain interactions has increased over
the last decade and has brought about a number
of new topics beyond "classical" subjects, such as
"stress" and "personality", which have dominated the
psychosomatic literature on gastrointestinal disorders
over the past century. These novel topics include brain
imaging of intestinal functions, placebo responses
in gastroenterology, learning of gastrointestinal
symptoms, quality of life in patients with intestinal
complaints, and psychotherapy and familial aggregation
of functional intestinal disorders. Currently, these new
topics appear with a frequency of 1% to 3% in leading
gastroenterological journals, either as data presentation
or review papers. Increasing focus underlines the
importance of enhancing our understanding on how the
psyche and the brain communicate in order to better
meet the needs of our patients.
© 2007 WJG . All rights reserved.
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THE PSYCHE AND THE GUT
While the relationship between the psyche and the
gastrointestinal tract is reflected in many different medical
and scientific topics that address the gut-brain (or braingut) axis, this relationship is clearly underrepresented
in the history (albeit short history) of the World Journal
of Gastroenterology (WJG). Among the 600 or so articles
published in the current volume (Vol. 12, 2006) of

the WJG, only 7 (approx. 1%) addressed different
psychological aspects of gastrointestinal diseases, such
as quality of life[1] and psychological impact of chronic
g astrointestinal diseases [2] , mental problems with
hepatitis[3], family occurrence[4] and other psychological
aspects [5] of functional bowel disorders. Only 1 paper
reported experimental data on brain imaging[6] and only
one review paper addressed the psycho-physiological
aspects of visceral pain[7]. In comparison, the respective
numbers from other journals, such as Gastroenterology
and Gut (both approx. 3%), indicate a much higher interest
in and devotion to psychological aspects of gastrointestinal
(GI) functions and disorders, and the range of reported
relationships between the gastrointestinal tract and the
brain is much broader. This certainly must and will change
with upcoming issues and volumes of the WJG.

ASPECTS OF BRAIN-GASTROINTESTINE
COMMUNICATION
The following list of topics, which is certainly far from
being complete, represents various aspects of involvement
of the psyche in bowel functions and disorders, many but
not all of which are related to functional bowel diseases.
Psychology and inflammatory bowel disorders
For many years, inflammatory bowel diseases (e.g., Crohn's
disease, ulcerative colitis) have been regarded as among
the best examples of truly "psychosomatic disorders", i.e.,
disorders in which the psyche may play a major role in the
pathogenesis of symptoms. This is the case despite the fact
that the exact biological nature of all inflammatory bowel
diseases (IBDs) has still not been identified and there is
serious concern that IBD may not represent a clinical
entity at all.
Based on such assumptions, psychotherapeutic
approaches with IBD have dominated the discussion
for many years, until these approaches failed to show
clinical improvement above the rate of spontaneous
remission of symptoms[8]. This seemed to have ended this
discussion until recent progress in our understanding of
how environmental stressors, on the one hand[9], and the
personal and genetic background of the individual, on
the other hand, can modulate intestinal disease activity via
psycho-immunologic mechanisms. This has brought about
a new understanding of the role of psychological factors,
especially stress, in inflammatory and non-inflammatory
bowel diseases[10].
The fluctuating interest of the scientific community in
www.wjgnet.com
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psychological aspects of inflammatory bowel diseases over
the last 50 years is well documented in the psychosomatic
literature [11] , and demonstrates that many of the
psychological topics investigated depend on novel insights
in pathophysiology and therapy in gastroenterology.
Family aggregation in functional GI disorders
Functional bowel disorders of the irritable bowel
syndrome (IBS) type are among the most frequent
disorders in the population, as well at the level of primary
care or in gastroenterological outpatient units[12]. Familial
aggregation, in which several members of a family are
affected by the same disease, has been noted with IBS and
has raised the question of whether this reflects a genetic
trait or a socially determined learning of gastrointestinal
symptoms through reinforcement, e.g. from parents to
their children [4,13]. Twin studies, as well as longitudinal
epidemiologic surveys, have recently provided strong
evidence for the latter[14].
Stress and the gastrointestinal tract
One of the key features of the autonomic regulation of
gastrointestinal functions by the enteric nervous system
(ENS) is the fact that it, in part, prevents the GI tract from
responding rapidly to environmental stressors and that if
such stress responses occur in cases of severe distress, their
consequences are excessive[15]. The central mechanisms
that mediate these stress responses, via the central release
of CRF that activates the hypothalamic-pituitary axis,
have been elucidated in the past decade and may not only
be responsible for functional but also for inflammatory
disorders of the gastrointestinal tract[16]. Drugs (astressin)
have been developed that counteract or prevent stressinduced autonomic changes[17] and may prove to be useful
in the treatment of stress-related disorders such as IBD
and IBS.
Brain imaging of intestinal functions
Progress in our understanding of the contribution
of central processing of visceral functions has been
brought about by the recent application of brain
imaging technology (positron emission tomography,
PET; functional magnetic resonance imaging, fMRI;
magnetoencephalography, MEG) to gastroenterology,
both for the investigation of basic mechanisms, such
as the cortical topography of visceral functions and the
distinction between visceral and somatic pain[18] and the
modulatory effects of emotions on intestinal functions[19],
and for our understanding of the pathogenesis of
functional bowel disorders[20] and the efficacy of medical
therapy [21]. Other applications include the assessment
of differences between inflammatory and functional
bowel disorders[22], and the recovery of intestinal sensory
functions in patients with complete spinal cord injury[23].
Placebo responses in gastroenterology
Placebo responses in clinical trials with IBS, but also
with IBD patients, have waxed and waned in recent
years, presumably due to changes in the designs of
clinical trials and to altered expectancies of both
www.wjgnet.com
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patients and researchers; the exact mechanisms by which
placebo responses occur are still a matter of debate [24].
Brain imaging studies of the placebo response under
experimental and clinical conditions have shown that
different psycho-biological mechanisms are involved,
including Pavlovian conditioning and signal detection[25],
and a genetic trait to become a placebo responder cannot
be excluded[26]. The future will require new and innovative
research designs to overcome these types of problems in
the development of new drugs to treat these conditions.
Learning of GI symptoms: The example of nausea
Pavlovian conditioning and learning have been shown to
be in effect with nausea-associated symptoms, such as
occur with cancer chemotherapy[27], and with behavioral
treatment modalities, such as latent inhibition and
overshadowing, which have been shown to be effective in
the prevention and reduction of anticipatory nausea and
vomiting (ANV)[28]. Experimental nausea research, e.g.
with motion sickness paradigms, has further explored the
underlying mechanisms of NV, and have demonstrated
significant racial and gender effects both in conditioned
and unconditioned nausea and in the ability to profit from
respective therapies[29].
Psychological burden of food intolerances in GI disorders
Patients with functional upper and lower GI symptoms
not only report nausea and eating-associated problems,
such as early satiety and abdominal fullness and distension,
but also food intolerances to many different kinds of
foodstuff[30]. However, when tested for true food allergies,
the data indicate that this only occurs in a minority of
cases, and this is not different from population studies[31].
Irrespective of the nature of food intolerances, many
patients must significantly restrict their diet and they
experience a significant impact on their quality of life[32].
This may also have an impact on their responsiveness and
compliance to other medical and psychological therapies.
However, the presence of increased concentrations
of histamine, mast cells, neuropeptides, and other proimflammatory mediators [33] in intestinal biopsies from
patients with functional bowel disorders may also indicate
a pathomechanism of IBS and related diseases, which
has been named "post-infectious IBS"[34]. It refers to the
fact that many of these patients report a past episode
of gastroenteritis that marked the onset of their bowel
complaints. Patients with post-infectious IBS have been
verified in prospective field studies [35] as a significant
subgroup of patients. Psychological factors (e.g., stress,
anxiety, depression) have been named as relevant factors
in predicting who will become an IBS patient and who will
not in the case of severe enteric inflammation[36].
Psychotherapy in functional disorders
With only a few drugs available that have been shown to be
effective in the treatment of functional bowel disorders[37],
psychotherapy has become a major therapeutic option
under many clinical conditions, especially with severely
impaired patients. Psychotherapy, irrespective of the type
of treatment, e.g., hypnotherapy, behavioral intervention,
cognitive modulation, psychodynamic therapy, or
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psychoeducative approaches, has been shown to be
more effective than conventional treatment alone in
most cases[38]. However, why and how many patients are
motivated to accept psychotherapy, while others are not,
and whether this determines the efficacy of psychotherapy
has remained obscure[39].
Acupuncture treatment in gastrointestinal diseases
As with psychotherapy, acupuncture has occasionally been
offered to patients with functional and organic bowel
disorders and has been shown to achieve variable success.
When acupuncture was adequately controlled for placebo
effects, with the so-called "Streitberger" needle [40], no
difference in symptom improvement was found between
acupuncture and sham acupuncture in patients with IBS[41].
This suggests that acupuncture effects may be placebo
responses. However, when we tested changes in autonomic
variability (heart rate) and neuro-endocrine control
(circadian profile of salivary cortisol), it became evident
that acupuncture, but not sham acupuncture, improved
symptoms via its effects on the parasympathetic control of
gut sensations and functions[42].
Psychopharmacology of intestinal functions
Since many patients with IBS and IBD suffer from
significant psychiatric co-morbidity, such as depression
and anxiety, psychotropic drugs that have been used
to treat these conditions have been found to affect the
gastrointestinal symptoms as well[43]. Today it is common
knowledge that serotonergic drugs, which have a central
target, may elicit their beneficial effects also in the GI
tract, provided the respective receptors are peripheral,
due to the fact that most serotonin is released in the ENS.
Antidepressant drugs such as serotonin-reuptake inhibitors
(SSRIs) are therefore, in principle, able to modulate
gastrointestinal functions as well[44]. It has also been shown
that polymorphisms of the serotonin-transporter gene
system are not only associated with significant psychiatric
morbidity, but also co-determine the efficacy of drugs
acting on the GI tract[45].
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THE PSYCHE AND THE GUT: A SUMMARY
The above listed topics, which have been the subject of
research on gut-brain interactions over the last decade,
represent only a fraction of relevant themes that need
to be addressed. Some of these studies will find their
way into the WJG, either as data or review papers, as
has been happening with increasing frequency in other
leading gastroenterologic journals. We need to enhance
our understanding of how the psyche and the brain
communicate in order to better meet the needs of our
patients, both with functional disorders and those with
diseases of organic origin.
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Abstract
Bile duct cancers are frequently diagnosed as advanced
diseases. Over half of patients with advanced bile duct
cancer present with unresectable malignancies and
their prognosis has been very poor even after curative
resections. Although there has been a need to diagnose
bile duct cancer at its early stage, it has been a difficult
goal to achieve due to our lack of knowledge regarding
this disease entity. Early bile duct cancer may be defined
as a carcinoma whose invasion is confined within the
fibromuscular layer of the extrahepatic bile duct or
intrahepatic large bile duct without distant metastasis
irrespective of lymph node involvement. Approximately
3%-10% of resected bile duct cancers have been
reported to be early cancers in the literature. The
clinicopathological features of patients with early bile
duct cancer differ from those of patients with advanced
bile duct cancer, with more frequent asymptomatic
presentation, characteristic histopathological findings,
and excellent prognosis. This manuscript is organized
to emphasize the need for convening an international
consensus to develop the concept of early bile duct
cancer.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Bile duct cancer is a malignancy arising from the epithelial

cells of the bile duct. It occurs with a greater frequency
in Asian countries and its incidence has steadily increased
in the United States and Europe over the past three
decades [1,2]. As surgery still remains the only curative
treatment for this tumor and earlier detection is a
prerequisite for a curative resection[1,3], there has been a
need to diagnose bile duct cancer at its early stage. Despite
advances in the diagnostic modalities, it has been a difficult
goal to achieve due to our lack of knowledge regarding
this disease.
There has not been a review article focusing on early
bile duct cancer in the English literature. Recently, we have
suggested that early bile duct cancer might not be a very
rare disease entity, and its clinicopathological features may
differ from those of advanced bile duct cancers[4]. The
present review focuses on the definition and characteristic
features of early bile duct cancer based on original
articles[4-11] describing early bile duct cancer. We hope that
this review article will assist in understanding the concept
of early bile duct cancer and ultimately serve to identify
more of such patients.

ANATOMY OF THE BILE DUCT
Bile ducts are anatomically classified as either intrahepatic
or extrahepatic bile duct. Extrahepatic bile duct is classified
as perihilar or distal bile duct[12,13], and intrahepatic bile
ducts are classified as either intrahepatic large or small
bile ducts [14,15] . Intrahepatic large bile ducts roughly
correspond to ducts from the first to the fourth branches
of the right and left hepatic ducts. Intrahepatic small bile
ducts are further classified as septal bile ducts, interlobular
bile ducts, or bile ductules according to their size and
location. Intrahepatic large bile ducts are grossly visible
and characterized by the presence of a fibrous ductal wall,
while intrahepatic small bile ducts are recognizable using
only a microscope and except for the septal bile ducts,
characterized by the absence of a fibrous ductal wall[14,15].
Microscopically, the bile duct is lined by a single layer
of columnar cells and its wall consists of intermixed dense
fibrous tissue and muscle fibers, the fibromuscular layer
(Figure 1)[16,17]. Biliary epithelial cells lining extrahepatic
bile duct and intrahepatic large bile ducts have a different
embryologic origin and phenotype from biliary epithelial
cells lining intrahepatic small bile ducts[18]. Defining the
layer of bile duct wall is often not easy in intrahepatic large
bile ducts and impossible in intrahepatic small bile ducts,
as the fibromuscular layer is very scant or absent [16,17].
Therefore, it is difficult to apply the concept of early
cancer, which requires the histologic determination of the
extent of bile duct wall invasion, to cholangiocarcinomas
www.wjgnet.com
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Figure 1 Normal histological layer of bile duct wall. A: Normal extrahepatic
bile duct; B: Normal intrahepatic bile duct. Bile duct is lined by a single layer of
columnar cells and its wall has a fibromuscular layer (HE, × 100). m: mucosa layer,
fm: fibromuscular layer.

Bile duct cancer whose invasion is confined within the fibromuscular
layer of the extrahepatic bile duct or intrahepatic large bile duct without
distant metastasis irrespective of lymph node involvement

Table 3 Changes in T classification of the AJCC staging for
extrahepatic bile duct cancer
th

AJCC 5 edition
pT
T1a

Table 1 Publications on early bile duct cancers

Tsunoda et al[5]
Yamaguchi[6]
Mizumoto et al[7]
Bhuiya et al[8]
Kurosaki et al[9]
Tamada et al[10]
Lim et al[11]
Cha et al[4]

Number Total number of
Mucosa Fibromuscular of early cholangiocarcinoma
cancer
1989
3
5
8 (6%)
146
1992
NC
7
NM
1993
4
10
14 (8%)
171
1993
NC
7 (10%)
70
1998
NC
7 (8%)
90
2001
NC
10 (18%)
55
2006 11
10
23 (3%)1
742
2006 16
45
61 (10%)
614
Yr

Depth of invasion

NC: not classified; NM: not mentioned. 1Two cases were not included in the
evaluation of depth of invasion.

originating from intrahepatic small bile ducts.

DEFINITION
The concept of early cancer in the hollow viscus has
been already established, however, there have been no
worldwide accepted criteria for early bile duct cancer.
Sporadic cases of early bile duct cancer have been
reported, and these articles mainly originated from Japan
and South Korea (Table 1) [4-11]. Physicians from other
countries may have overlooked cases of early bile duct
cancer due to a lack of recognition and the rarity of this
disease. The concept of early bile duct cancer was raised
by the Japan Biliary Association in 1983[19], and the used
criteria were based on the depth of cancer invasion into
the bile duct wall. Patients with cancer invasion confined
within the fibromuscular layer of extrahepatic bile
duct showed significantly better postoperative survival
rates than patients with cancer invasion beyond the
fibromuscular layer[5,7,8].
Mizumoto et al[7] reported a 5 years survival rate for
patients with cancer invasion within the fibromuscular
layer of 100%. On the other hand, rates for patients with
cancer invasion of the subserosa and serosa were 46%
and 15%, respectively. Tamada et al [10] and Kurosaki et
al[9] proposed that extrahepatic pT1 bile duct cancer was
associated with a better prognosis than advanced bile duct
cancer. Kurosaki et al[9] reported a 5-year survival rate for
7 patients with pT1 bile duct cancer of 86%. Based on
these observations, bile duct cancer whose invasion is
confined within the fibromuscular layer of extrahepatic
bile duct was termed an early bile duct cancer (Table 2),
www.wjgnet.com
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Table 2 Suggested definition for early bile duct cancer

fm

Author

Volume 13

T1b
T2
T3

[21]

Tumor invasion
Subepithelial connective
tissue
Fibromuscular layer
Perifibromuscular
connective tissue
Liver, pancreas,
gallbladder, stomach,
duodenum, colon

th

AJCC 6 edition

[22]

pT
T1

Tumor invasion
Confined to the bile duct

T2
T3

Beyond the bile duct wall
Liver, gallbladder, pancreas

T4

Duodenum, colon, stomach,
abdominal wall

AJCC: American Joint Committee on Cancer.

while invasion beyond the fibromuscular layer was termed
an advanced bile duct cancer. Main limitations of these
studies are that they are based on retrospective studies with
relatively small sample size.
On the other hand, there has been no attempt to define
an intrahepatic early bile duct cancer in the literature, as it is
difficult to apply the above criteria to intrahepatic bile duct
cancer because they usually lack the fibromuscular layer in
the bile duct wall. The histology of intrahepatic large bile
duct, however, does not differ from that of extrahepatic
bile duct in that they are grossly visible and have a
fibromuscular layer in the wall[16]; therefore, we suggested
that intrahepatic early bile duct cancer arising from
intrahepatic large bile duct may be defined using the same
criteria for extrahepatic early bile duct cancer[4]. The massforming cholangiocarcinoma arising from intrahepatic
small bile duct, so called "peripheral cholangiocarcinoma",
should be differentiated, as they differ clinicopathologically
from bile duct cancers arising from extrahepatic bile duct
or intrahepatic large bile duct[4,20], and is excluded from the
concept of early bile duct cancer. Internationally agreed
definition for intrahepatic early bile duct cancer is needed
in future studies.

EARLY BILE DUCT CANCER VS T1 BILE
DUCT CANCER
As the previous T1 extrahepatic bile duct cancer was
defined as "tumors invading subepithelial connective tissue
and the fibromuscular layer" based on the 5th edition of
American Joint Committee on Cancer (AJCC) staging[21],
extrahepatic early bile duct cancers were classified as
T1 extrahepatic bile duct cancers in some literature[9,10].
The T classification for extrahepatic bile duct cancer
was refined in the new 6th edition of the AJCC staging
system (Table 3)[22]. The previous T1a (tumors invading
subepithelial connective tissue) and T1b (tumors invading
the fibromuscular layer) classification in the AJCC 5 th
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Table 4 Changes in T classification of the AJCC staging for
intrahepatic bile duct cancer
th

[21]

pT

AJCC 5 edition

T1

Solitary, ≤ 2 cm, without
vascular invasion
Solitary, ≤ 2 cm with vascular
invasion or multiple, one lobe,
≤ 2 cm without vascular invasion
Solitary, > 2 cm with vascular
invasion or multiple, one lobe,
≤ 2 cm, with vascular invasion
Multiple, more than one lobe
or major portal/hepatic vein
branch

T2
T3
T4

th

AJCC 6 edition

[22]

Solitary, without vascular
invasion
Ssolitary, with vascular
invasion or multiple ≤ 5 cm
Multiple ≥ 5 cm or major
portal/hepatic vein branch
Adjacent organ or perforation
of viscera

edition were merged into T1 (tumors confined to the
bile duct histologically) in the AJCC 6th edition. It may be
difficult to discriminate extrahepatic early bile duct cancer
from T1 extrahepatic bile duct cancer exactly in this new
staging system, as the current T1 classification is defined
using vague terms as "confined to the bile duct" without
the mention about a precise histological layer such as a
fibromuscular layer [23]. Although the AJCC 6 th edition
describes T1 classification as "tumor confined to the
bile duct", there is debate on how the bile duct is limited
between pathologists also[17]. Therefore, it may be more
distinct to define early bile duct cancer by a fibromuscular
layer rather than a vague term, bile duct. On the other
hand, intrahepatic bile duct cancer is staged similarly to
hepatocellular carcinoma by different T classifications in
AJCC staging system (Table 4)[22]. As intrahepatic early
bile duct cancer arising from intrahepatic large bile ducts
is defined by the depth of cancer invasion into the bile
duct wall, it does not match with T1 intrahepatic bile duct
cancer, which is based on vascular invasion and tumor size.

PREVALENCE
Although there is a significant geographic variation in the
incidence of bile duct cancer, the worldwide incidence of
bile duct cancer has risen over the past three decades[1,2].
Bile duct cancer is more prevalent in Asian countries
than in the United States and Europe. For example, there
is a high prevalence of intrahepatic bile duct cancer in
areas such as Thailand (96/100 000 in men and 38/100
000 in women)[1] and South Korea (75/100 000 in men
and 16/100 000 in women)[24], whereas its prevalence in
the United States is low with only 1-2/100 000[25]. The
geographic differences in the prevalence of bile duct
cancer may be attributed to various distributions of local
risk factors for bile duct cancer such as hepatolithiasis or
liver-fluke infestation.
The exact prevalence of early bile duct cancer among
bile duct cancer is unknown. Around 3%-10% of resected
bile duct cancers was classified as early cancers in the
literature (Table 1) [4,5,7-11]. Over the past 8 years in our
institution, of 614 patients with histologically confirmed
primary bile duct cancer after resection, 61 (10%) patients
were found to have early bile duct cancers [4] . Eleven
percent of intrahepatic bile duct cancers and 9% of
total extrahepatic bile duct cancers were early bile duct

Table 5 Clinical characteristics of early bile duct cancer
[4]
patients
Characteristics
Number of patients
Demographic data
Age (yr)
Gender
(male:female)
Chief complaints
Asymptomatic
Jaundice
Abdominal pain
Dyspepsia
Others
Associated disease
Hepatolithiasis
Clonorchiasis
Biliary
papillomatosis
Choledochal cyst ±
AUPBD

Intrahepatic EBDC
23

Extrahepatic EBDC Total
38
61

59 ± 2
13:10

60 ± 2
31:7

59 ± 1
44:17

14 (23%)
0
4 (7%)
3 (5%)
2 (3%)

10 (16%)
10 (16%)
5 (8%)
3 (5%)
10 (16%)

24 (39%)
10 (16%)
9 (15%)
6 (10%)
12 (19%)

9 (15%)
4 (7%)
10 (16%)

2 (3%)
4 (7%)
7 (12%)

11 (18%)
8 (14%)
17 (28%)

5 (8%)

6 (10%)

11 (18%)

EBDC: early bile duct cancer; AUPBD: anomalous union of pancreaticobiliary
ducts.

cancers, respectively. Our figure for extrahepatic early bile
duct cancer is comparable to those of previous reports
(Table 1)[5-11], however, it was the first report to describe
the prevalence of intrahepatic early bile duct cancer [4].
The more frequent occurrence of early bile duct cancer
in Japan and South Korea might be explained by two
reasons: (1) known risk factors for bile duct cancer such
as hepatolithiasis or liver-fluke infestation, are endemic in
East Asia, and (2) higher chances to detect early bile duct
cancers incidentally from more frequent performance of
percutaneous transhepatic cholangioscopic examinations
for other biliary diseases [26] . While an early bile duct
cancer is not a common disease, it may not be a very rare
entity either. Worldwide epidemiologic studies regarding
the prevalence of early bile duct cancer is necessary,
since articles on early bile duct cancer have originated
mainly from the geographically adjacent Japan and South
Korea[4-11].

CLINICAL CHARACTERISTICS
Little has been known about clinical characteristics and risk
factors of early bile duct cancer. The peak age for early
bile duct cancer patients is the seventh decade and the
gender incidence shows a slight male preponderance[4-11],
which are not much different from those of advanced bile
duct cancer patients[27]. Presenting symptoms of patients
with early bile duct cancer are characteristic, in that they
rarely complain of abdominal pain or jaundice typically
associated with advanced bile duct cancer patients. Thirty
nine percent of early bile duct cancer patients were
asymptomatic and 84% of patients were non-jaundiced
(Table 5)[4].
Among known risk factors for bile duct cancer[1,2,25],
hepatolithiasis, liver-fluke infestation, biliary papillomatosis
and choledochal cyst with or without anomalous union of
pancreaticobiliary ducts are also associated with early bile
duct cancers in our series[4]. Primary sclerosing cholangitis
www.wjgnet.com
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Table 6 Macroscopic classification of early bile duct cancer

Cha et al[4]
Tsunoda et al[5]
Yamaguchi[6]
Mizumoto et al[7]
Tamada et al[10]
Lim et al[11]
Kozuka et al[36]

IG type

PI type

MF type

Total

35 (57%)
7 (88%)
7 (100%)
10 (71%)
8 (80%)
10 (47%)
7 (54%)

17 (28%)
1 (13%)
0
3 (21%)
0
1 (5%)
5 (39%)

1 (2%)
0
0
1 (7%)
2 (20%)
2 (10%)
1 (8%)

611
8
7
14
10
21
13

IG: intraductal-growing; PI: periductal-infiltrating; MF: mass-forming. 1Eight
patients could not be classified into any types due to subtle gross changes.

is a risk factor more recognized in Western countries than
in Asian countries [4,28-30]. Close association with biliary
papillomatosis in patients with early bile duct cancer is
interesting (Table 5)[4], and it may also be explained by
their prevalent endemic risk factors such as hepatolithiasis
and liver fluke[31]. Biliary papillomatosis has recently been
shown to be a highly premalignant condition [31], with
which our findings are consistent. These chronic biliary
diseases may lead to long-term irritation and inflammation
of the bile duct epithelium with resultant fibrosis and
dysplasia[2,31].

LABORATORY DATA
Most of early bile duct cancer patients showed a cholestatic
profile on liver function tests[4]. Elevated levels of bile duct
origin enzymes (serum alkaline phosphatase and gamma
glutamyltransferase) are the most frequent abnormal
biochemical results linked to early bile duct cancer patients,
which are not different from the results associated with
advanced bile duct cancer patients. In our series[25,27], serum
alkaline phosphatase and gamma glutamyl-transferase
levels were elevated in 71% and 70% of early bile duct
cancer patients, respectively[4]. In terms of tumor markers,
serum carbohydrate antigen (CA) 19-9 screening has
provided some assistance in the diagnosis of bile duct
cancer[25]. Its usefulness in the diagnosis of early bile duct
cancer, however, is not so clear as CA 19-9 levels higher
than 100 U/mL were noted in only 15% of early bile duct
cancer patients[4]. Since increased serum levels of CA 19-9
less than 100 U/mL are not rare in benign conditions as
well[32,33], measurement of serum CA 19-9 level may have a
limited value in the diagnosis of early bile duct cancer.

HISTOPATHOLOGY
The Liver Cancer Study Group of Japan has recently
proposed that bile duct cancers could be classified as one
of three types based on gross morphology: mass-forming,
periductal-infiltrating, or intraductal-growing types[34]. The
periductal-infiltrating type was reported to be the most
common gross type of extrahepatic bile duct cancer[1,35],
whereas the most common gross type of early bile duct
cancer was intraductal-growing type, which was observed
in 47%-100% of patients (Table 6)[4-7,10,11,36]. Sometimes,
it may be difficult to classify gross type of early bile duct
cancers due to its subtle gross changes. Thirteen percent
of patients with early bile duct cancer could not be classified
www.wjgnet.com
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Figure 2 Macroscopic and microscopic findings of early bile duct cancers. A,
B: Extrahepatic early bile duct cancer. A papillary mass (arrows) protruding into
the common bile duct lumen is noted (A). Although it is fairly large, its invasion is
confined within the fibromuscular layer (HE, × 100) (B). C, D: An intrahepatic early
bile duct cancer. Gross specimen of resected liver in patients with papillary mass
(arrow heads) within the right intrahepatic bile duct. Tumor invasion is confined
within the fibromuscular layer without hepatic parenchymal invasion (HE, × 10).

into any types in our series[4]. Some patients with early bile
duct cancer showed large and fairly extensive tumors[4,11],
as these tumors mainly grew intraluminally and did not
invade deeply into the fibromuscular layer (Figure 2).
Table 7 summarizes the microscopic findings and
locoregional extensions in patients with early bile duct
cancer. For histological classification, adenocarcinoma has
been found to comprise greater than 90% of advanced bile
duct cancers[2,23,37], while it comprises only 10%-67% of
early bile duct cancers[6,7,9,10,34]. On the other hand, papillary
carcinoma was more common in early bile duct cancers,
comprising up to 31%-90%[6,7,9,19,36]. Frequent occurrence
of intraductal-growing type or papillary carcinoma in
patients with early bile duct cancer may be explained by the
fact that these tumor types grow and spread superficially
along the bile duct mucosa and do not invade deeply into
the bile duct wall[3]. Yamaguchi[6] reported that none of
7 patients with early bile duct cancer showed venous or
perineural invasions and lymph node metastasis. Mizumoto
et al[7] reported that 13 (93%) of 14 patients with early
bile duct cancer showed no locoregional extensions, and
Kurosaki et al[9] also found no locoregional extensions in
5 (71%) of 7 patients with pT1 bile duct cancers. Lim
et al[11] showed portal hepatic lymph node metastasis in
only one of 21 patients with early bile duct cancer, and
we also showed no locoregional extensions in 53 (87%)
of 61 patients with early bile duct cancer [4]. The fact
that postoperative locoregional extensions are limited
in patients with early bile duct cancer also supports the
concept of early bile duct cancer.

DIAGNOSIS
Comprehensive approaches using noninvasive and invasive
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Table 7 Microscopic classifications and locoregional extensions in early bile duct cancer
Microscopic classification
Cha et al[4] (n = 61)
Yamaguchi[6] (n = 7)
Mizumoto et al[7] (n = 14)
Kurosaki et al[9] (n = 7)
Tamada et al[10] (n = 10)
Lim et al[11] (n = 21)
Kozuka et al[36] (n = 13)

Locoregional extensions

Adenoca

Papillary ca

Others

LV (+)

PN (+)

LN (+)

41(67%)
3 (43%)
6 (43%)

19 (31%)
4 (57%)
8 (57%)
NM
9 (90%)
13 (62%)
10 (77%)

1 (2%)
0
0

4 (7%)
0
1 (7%)
2 (29%)

5 (8%)
0
0
0
NM
0
NM

1 (2%)
0
0
0

1 (10%)
6 (29%)
3 (23%)

0
2 (10%)
0

0

1 (5%)

Ca: carcinoma; LV (+): lymphovascular invasion; PN (+): perineural infiltration; LN (+): lymph node metastasis; NM: not mentioned.

modalities are needed for the diagnosis of early bile duct
cancer. Masses, when small, may not be depicted using
abdominal ultrasound (US) or computed tomography
(CT) in patients with early bile duct cancer[11]. We failed
to identify an evident mass using abdominal US in
approximately half of early bile duct cancer patients[4].
Although masses may not be revealed with conventional
imaging studies, combination of elevated serum levels
of bile duct origin enzymes and bile duct dilatation on
imaging study warrants further evaluation. Elevated serum
levels of bile duct origin enzymes was coupled with bile
duct dilatation without visualization of a mass in 93% of
early bile duct cancer patients in our experience[4]. The
noninvasive nature of magnetic resonance cholangiography
(MRC) may play a more important role in diagnosing early
bile duct cancer patients because many of these patients
are asymptomatic [4]. MRC can facilitate overviews of
longitudinal cancer spread by assessing bile ducts upstream
and downstream of the tumor simultaneously and permits
assessment of the vessels[38,39].
Radiographic findings alone may not distinguish reliably
between malignant and benign lesions[40-42]. In addition,
asymptomatic patients may be reluctant to undergo major
operations without the certainty of a malignancy. If the
suspected lesion is extrahepatic in location, histopathologic
sampling is possible without difficulty by brush cytology
and/or biopsy through endoscopic retrograde cholangiopancreatography (ERCP). Transpapillary peroral cholangioscopy can also be attempted, if available; however its
value in identifying early bile duct cancer has not been
addressed. Peroral cholangioscopy is more difficult for bile
duct lesions above the hilum, because it has a limitation in
the retroflexion capability of the scope tip[43]. Endoscopic
ultrasound (EUS) appears to be an emerging technique
to evaluate asymptomatic dilatation of extraheptic bile
duct[44], and EUS-guided fine needle aspiration and biopsy
has a greater sensitivity for detecting a malignancy than
ERCP with brush cytology in cases with extrahepatic bile
duct wall thickening [45]. The percutaneous transhepatic
cholangioscopy (PTCS) is useful for intrahepatic bile duct
lesions in histological diagnosis. Cholangioscopic findings
in patients with early bile duct cancer vary from subtle
mucosal changes to evident papillary masses of the bile
duct[4], and identification of these changes allows targeted
biopsy for an accurate diagnosis.
New molecular and imaging diagnostic modalities have
emerged as promising tools in the diagnosis of early bile

duct cancer. Recently, digitized image analysis (DIA) and
fluorescence in situ hybridization (FISH) offer promise to
evaluate bile duct cancers in terms of cellular aneuploidy
and chromosomal aberrations [1,46-48] . Recent reports
have demonstrated that their sensitivities are superior
and specificities are similar to standard cytology for the
diagnosis of bile duct cancer [46-48] . Positron emission
tomography (PET) imaging is another emerging diagnostic
technique for the detection of bile duct cancer. PET
scanning can detect nodular bile duct cancer as small as 1
cm but is less helpful for infiltrating tumors[49]. PET can be
utilized to ascertain an malignancy by finding hot uptake at
the suspected site, when histological sampling is difficult[27].
As this technique becomes more widely available,
additional information on its use for the diagnosis of early
bile duct cancer will be forthcoming.

A PROPOSED ALGORITHM FOR DETECTING
EARLY BILE DUCT CANCER IN CLINICAL
PRACTICE
There are largely two clinical settings that early bile
duct cancer can be diagnosed prospectively. The first is
detection of bile duct dilatation on imaging such as an
abdominal US[2,3,27]. This could be in asymptomatic patients
undergoing health screening, in workup of vague or
nonspecific abdominal discomfort or incidentally detected
abnormalities in the enzyme of bile duct origin (such
as alkaline phosphatase or gamma glutamyltransferase).
The next step in assessing dilated bile ducts found on
US includes biliary dynamic CT and/or MRC (Figure 3).
Focal biliary stricture or a suspicious intraductal polypoid
mass with proximal ductal dilatation detected on these
tests raises a high suspicion of bile duct cancer. If the
suspected lesion is extrahepatic in location, histopathologic
sampling is possible without difficulty by brush cytology
and/or biopsy through ERCP. If available, peroral
cholangioscopy can also be attempted. EUS with fine
needle aspiration is also emerging as a promising tool in
the differential diagnosis of extrahepatic bile duct wall
thickening as well[45]. If the suspected lesion is intrahepatic
in location, PET can be utilized to ascertain its malignant
nature by finding hot uptake at the suspected site[27]. For
PET-negative intrahepatic lesions, it is our practice to
confirm the nature of the lesion by PTCS with biopsy.
Although some do not recommend percutaneous biopsy
www.wjgnet.com
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1 Routine health screening
2 Nonspecific or vague GI symptoms
3 Abnormal liver function tests
Bile duct dilatation on abdominal US
Biliary dynamic CT and/or MRC
Focal biliary stricture or suspicious intraductal
mass with proximal bile duct dilatation
Intrahepatic
bile duct lesion

Extrahepatic
bile duct lesion

PET

PET

• ERCP with brush
cytology and/or biopsy
• EUS and FNA
• Peroral cholangioscopy

Hot uptake
Exploratory
laparotomy

Indeterminate cases
PTCS
with biopsy

Figure 3 Proposed algorithm for detecting an early bile duct cancer. GI:
gastrointestinal; US: ultrasound; CT: computed tomography; MRC: magnetic
resonance cholangiography; PET: positron emission tomography; ERCP:
endoscopic retrograde cholangiopancreatography; EUS: endoscopic ultrasound;
FNA: fine needle aspiration; PTCS: percutaneous transhepatic cholangioscopy.

for potentially resectable bile duct cancer due to the risk of
tumor seeding[50], confirming malignancy in equivocal cases
greatly increases both the compliance of patients with no
current symptoms and the confidence of the physician,
planning a major operation such as hepatic resection.
The second clinical pathway that early bile duct cancer
can be diagnosed is during the follow up of patients with
known risk factors for bile duct cancer. These patients
undergo periodic liver function tests, serum tumor markers
tests, and abdominal US as a surveillance. Detection of
a progressive increase of bile duct origin enzymes and
tumor markers or progression of bile duct dilatation
suggests change in their clinical status and warrants further
evaluation including biliary CT or MRC. Finding of a
newly appeared or aggravated ductal stricture and/or a
mass suggests development of a bile duct cancer, and the
subsequent workup follows the clinical pathway previously
mentioned. One note for this latter group is that more
cautious interpretation of PET results is needed as a false
positive result for their inflammatory conditions such as
cholangitis or abscess is possible in this group.

PROGNOSIS
Over half of patients with advanced bile duct cancer
present with unresectable malignancies, and the 5-year
survival rate of these patients is approximately 15%-35%
even after curative resections[1,2,13,25,31,51,52]. Early bile duct
cancer patients should have markedly better surgical
outcomes than advanced bile duct cancer patients. In this
regard, the reported 5-year survival rate for patients with
early bile duct cancer has been promising[4,7,15]. Mizumoto
et al[7] reported a 5 year survival rate for early bile duct
cancer of 100%, and Kurosaki et al[9] reported a 5-year
survival rate for seven patients with pT1 bile duct cancer
www.wjgnet.com
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of 86%. Recently, we also demonstrated a 5-year survival
rate for early bile duct cancer patients of 80%[4]. Therefore,
we believe that detection of early bile duct cancer may
provide the opportunity for better prognosis in bile duct
cancer.
In terms of disease recurrence, Tsunoda et al[5] found
that 1 (13%) of 8 early bile duct cancer patients died due
to recurrence, and Yamaguchi[6] found that 1 (14%) of 7
early bile duct cancer patients died from liver metastasis.
In contrast, Mizumoto et al[7] reported no recurrence in
early bile duct cancer patients for periods between 3 years
and 8 years after surgery. In our series, disease recurrence
developed in 8 (13%) of 61 patients [4]. Not infrequent
disease recurrences in patients with early bile duct cancer
may be explained by the fact that intraductal-growing
types or papillary carcinomas may remain undetected by
conventional imaging studies due to their tendency to
spread superficially along the mucosa. Therefore, accurate
pre-operative evaluation of disease extent should be
emphasized in early bile duct cancer patients.
Major prognostic determinant may be the detection
of early cancer rather than histological tumor types.
Papillar y carcinomas were believed to have a more
favorable outcome than other histological types in bile
duct cancers[39,53]; however, longer survival was linked with
early detection regardless of gross or histological types
in patients with early bile duct cancer [4]. In accordance
with our notion, Kurosaki et al[9] also found that patients
with pT1 papillary carcinoma showed relatively prolonged
survival, whereas patients with pT2 or pT3 papillary
carcinoma did not show such a long survival.

CONCLUSION
As the prognosis of bile duct cancer remains disappointing
in general and no breakthrough has been achieved recently,
it is encouraging to see a dramatic improvement in the
prognosis of a subset of bile duct cancer identified as early
bile duct cancer. Clinicians may be successful in identifying
early bile duct cancer cases if they have a high index of
suspicion and knowledge regarding this disease entity. The
answer for the better prognosis in bile duct cancer may be
provided by introduction of the concept of early bile duct
cancer.
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Abstract
The purpose of this work was to assess the evidence
for effectiveness of acupuncture (AC) treatment in
gastrointestinal diseases. A systematic review of the
Medline-cited literature for clinical trials was performed
up to May 2006. Controlled trials assessing acupuncture
point stimulation for patients with gastrointestinal
diseases were considered for inclusion. The search
identified 18 relevant trials meeting the inclusion
criteria. Two irritable bowel syndrome (IBS) trials, 1
Crohn's disease and 1 colitis ulcerosa trial had a robust
random controlled trial (RCT) design. In regard to other
gastrointestinal disorders, study quality was poor. In
all trials, quality of life (QoL) improved significantly
independently from the kind of acupuncture, real
or sham. Real AC was significantly superior to sham
acupuncture with regard to disease activity scores in the
Crohn and Colitis trials. Efficacy of acupuncture related
to QoL in IBS may be explained by unspecific effects.
This is the same for QoL in inflammatory bowel diseases
(IBD), whereas specific acupuncture effects may be
found in clinical scores. Further trials for IBDs and in
particular for all other gastrointestinal disorders would
be necessary to evaluate the efficacy of acupuncture
treatment. However, it must be discussed on what
terms patients benefit when this harmless and obviously
powerful therapy with regard to QoL is demystified by
further placebo controlled trials.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Complementary medicine is increasingly used in numerous
diseases[1], also in gastrointestinal disorders[2]. In particular,
acupuncture (AC) has become increasingly recognized[3],
which might be due to various reasons. Firstly, frequent
diseases like irritable bowel syndrome (IBS) still lack
an effective drug treatment, while complementary and
alternative medicine (CAM) offers treatment options
for suffering patients [4] . Secondly, many patients are
afraid of harmful side effects of conventional treatment,
thus searching for harmless treatment options such as
acupuncture[5,6]. Furthermore, many patients seek additional
CAM therapies as they feel their health related quality of
life (QoL) to be improved when treatment strategies are
embedded in holistic concepts[7]. Due to patients' demand
a number of experimental and clinical studies evaluating
acupuncture effects in gastrointestinal disorders were
investigated in the last years. Experimental trials indicate
some impact of acupuncture on the gastrointestinal
system [3,8]. For example, a pain reducing effect during
colonoscopy[9] or gastroscopy[10] was demonstrated. Effects
were also found in experimental settings for visceral reflex
activity[11] and acid secretion in the stomach[12]. However,
in contrast to these numerous experimental trials, there
are only a few clinical trials which evaluated the efficacy
of acupuncture on gastrointestinal disorders. The aim of
this systematic review was to evaluate the clinical evidence
for the effectiveness of acupuncture on gastrointestinal
disorders. Especially QoL improvement will be addressed
as it is a main concern for patients seeking CAM therapies
for their illnesses that are often difficult to treat.
Search strategy
A literature search was conducted using the MEDLINE
database (up to May 2006) using the MESH headings
"Gastrointestinal Diseases" and "Acupuncture". Furthermore,
a combination of the search terms "gastroint*" and
"acupuncture" was used. The search was limited to clinical
studies. The bibliographies of all review articles and
all included studies were manually searched to identify
www.wjgnet.com
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other potential studies.
Study selection and study characteristics
As only very few randomised controlled trials in the
treatment of gastrointestinal disorders with acupuncture
exist, we aimed to include also non-randomised and/or
non-controlled trials to ensure a broad overview about
acupuncture research in gastrointestinal disorders. All
articles that reported a clinical trial in which patients with
gastrointestinal disorders were treated with acupuncture
point stimulation were included. Publications not
presenting the full report of a clinical trial (letters,
comments, congress abstracts and editorials) as well as
non-English/German/French articles were excluded.
The challenge of ideal acupuncture treatment
In general, the statistical quality of the trials as well as the
technical quality of acupuncture performance improved in
the last 10 to 15 years. In particular, quality requirements
for an optimal acupuncture treatment and control group
remain to discuss. The rules of Traditional Chinese
Medicine (TCM) are best met with individual therapeutic
schemes (= individual AC). Therefore, individual treatment
according to 'patterns of disease'[13] could serve as a gold
standard'. However, this is often not practical due to
methodological reasons, e.g. an individualised acupuncture
could reduce the statistical comparability between groups
and could enhance placebo effects by amplifying patientdoctor interactions. As a consequence, some authors
choose a fixed AC regime according to a TCM pattern
(= standardised AC). Lowest technical acupuncture
performance is given if only one acupuncture point is
used as this is mostly far away from conceptual TCM
frameworks of internal diseases[14,15].
The challenge of sham / placebo acupuncture
Another challenge is the development of an optimal
c o n t r o l p r o c e d u r e i n a c u p u n c t u r e t r i a l s. A s t h e
acupuncturist always knows if real or placebo/sham
acupuncture is performed it is impossible to establish
double blind acupuncture trials. Several attempts exist to
establish control groups. Sham or placebo acupuncture
is most commonly used. Acupuncture treatment at nonacupuncture points, ideally with very thin needles usually is
labelled as sham acupuncture. Another method of placebo
control is established with a blunted telescopic placebo
needle which does not penetrate the skin, developed by
Streitberger et al[16], or a similarly device of Park et al[17].
The advantage is that it avoids unspecific physiological
effects provoked by penetrating the skin, especially if used
at non-acupuncture points to avoid potential acupressure
effects. However, in case real acupuncture is superior to
the placebo-needle, it remains unclear if acupuncture point
specificity exists. For example, if there is an improvement
in both groups without any group difference, strong
unspecific psychological effects may be responsible.
Consequently, acupuncture point specificity is only proven
when AC is superior to sham acupuncture penetrating the
skin. Therefore, each kind of sham/placebo acupuncture
allows different conclusions about acupuncture effects
www.wjgnet.com
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and specificity of acupuncture points. To avoid confusion
in further reading, we label acupuncture with normal
needles at non-acupuncture points as "penetrating sham
acupuncture"(p-SAC); acupuncture with telescopic needle
is labelled as "non-penetrating sham acupuncture"(npSAC) due to the conceptualisation of White et al[18].
Other possibilities for placebo controls are given
by switched-off laser acupuncture or switched-off
transcutaneous electric nervous stimulation (TENS)device. However, these controls appear to be artificial and
not similar enough to real acupuncture treatment. Due to
the broad variety of modes of acupuncture treatment and
placebo control, both-real and sham/placebo treatment of
each trial-are described in Table 1.
Data extraction and validity assessment
All trials were reviewed by two separate reviewers (AS;
SJ). For each study, the following variables were extracted:
study design, acupuncture treatment protocol of active and
control group, study duration and number of visits and
outcome parameters (Table 1).
Since the review comprised different medical conditions,
clinical benefit was not uniformly scored by the various
studies. Therefore, all outcomes were extracted and, if
adequate information was given, entitled as primary and
secondary outcomes.
Furthermore, methodological quality was assessed
according to the following quality criteria: existence of a
control group, randomization, blinding of patients and
evaluators, statistical protocol, description of drop-outs,
a-priori sample size calculation, and a-priori definition of
primary and secondary outcomes.
The search identified 58 potentially relevant abstracts.
36 studies were excluded after screening of the title and/or
abstract and 4 publications were excluded after obtaining
the full text (Figure 1). Characteristics of the remaining 18
publications are summarized in Table 1. Altogether, only
4 studies had a robust randomized controlled design with
sufficient information given in the publication to allow
firm conclusions from the data[19-22]. All other studies were
of poor methodological quality (Table 1).
Irritable bowel syndrome
Seven trials were performed in patients with irritable bowel
syndrome (IBS); 1 study was published about functional
dyspepsia which has some overlap with IBS. None of
the 7 trials was without methodological deficiencies.
Only 2 trials were randomized trials[19,22]. Schneider et al[22]
evaluated a standardised acupuncture procedure versus
the so-called "Streitberger-needle"(np-SAC) administered
at non-acupuncture points. A methodological deficiency
of this trial is that the calculated number of patients
(n = 60) was not reached. However, the authors stated
that 566 patients would have been necessary to detect a
group difference. Another deficit was that a standardised
acupuncture procedure was used in this trial. Forbes
et al[19] used an individual treatment procedure for real
acupuncture, however, without moxibustion (= heat
application of glowing artemisia sinensis) where possibly
indicated. To establish a placebo control group, they
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Table 1 Clinical trials of acupuncture for gastrointestinal disorders
Study Design

Reference

Duration of
treatment
10 sessions,
2 sessions
per week

Primary
outcome
Quality of
life

Irritable
bowel
syndrome

S c h n e i d e r e t RCT
al[22], 2005
longitudinal
evaluation

Standard AC vs 22 AC
np-SAC at
21 np-SAC
non-AP-points

Forbes et al[19], RCT
2005
longitudinal
evaluation

Individual
AC vs p-SAC

27 AC
32 p-SAC

10 sessions,
1 session
per week

↑in both groups No moxibustion
Symptom
score/quality no significant
where possibly
of life
group difference indicated

R o h r b ö c k e t Controlled trial; Electro-AC vs
al[23], 2004
cross-over
np-SAC on
Design cross
AC points
sectional
evaluation

9 IBS
12 healthy
controls

2 treatments
(1 AC, 1 PAC)

Perception
threshold
(barostat)

X i a o e t a l [ 2 4 ] , Cross over trial; TENS vs sham
2004
cross-sectional TENS (offand longitudinal switched)
evaluation

24 diarrheapredominant
20 constipation
predominant
30 functional
constipation
30 healthy
subjects

Cross sectional
Perception
2 treatments
threshold
(1 TENS,
(barostat)
1 sham TENS on
3rd d)
longitudinal two
months (8 sessions)

↑for TENS in

4 treatments
(2 AC, 2 p-SAC,
each over
a period of 4 wk)

↑in both groups Atypical

F i r e m a n e t Cross-over
al[25], 2001
design
longitudinal
evaluation

Functional
dyspepsia

Treatment

n

Disease

Acupuncture at 25
LI 4 (AC) vs
acupuncture at
BL 60 (p-SAC)

Chan et al [26] , Pilot study;
1997
before-afterstudy

No comparison

Kunze et al[27], Randomized
1990
trial
evaluation
unclear

Psychotherapy 60
vs AC vs p-SAC
vs papaverin
vs placebo
medication

Chen et al [28] , Controlled
1998
trial

7

Standardised
AC vs Cisaprid

4 wk

Unclear

18 AC
20 Cisaprid
group

10 sessions
(2 d in between)

Symptoms

Results

Major deficits

↑in both groups Standard AC,

no significant
no individual
group difference AC pattern;
Target number
not reached

↑in both groups Not randomised;

no significant
standard AC on
group difference BL23 and BL 30;
no individual AC
pattern
no a priori
power calculation
TENS with
standard
pattern on
three points
with significant (LI4, St36, UB 57)
No power
group
calculation
difference
selection for long
term group unclear
(n = 12 of diarrhea
predominant)

the diarrhea
predominant
group

after first session
group difference
P = 0.05 for AC;
no significant
group difference
after 2nd session

acupuncture
(only one point),
multiple testing

Symptom
scores

↑acupuncture

No control group
standard AC,
no individual
AC pattern

Subjective
symptom
scores

Psychotherapy
superior to AC
and papaverin
(P < 0.01)
↑AC superior to
p-SAC (P < 0.01)

Symptom
score
electrogastrogramm

effective
(P < 0.01)

No prior definition
of end point
No a priori power
calculation

Patient allocation
unclear, partly
contradictory
type of acupuncture
pattern, frequency
and performance
unclear
No power
calculation

↑in both groups No description of

no significant
group
difference

randomization
process, allocation
concealment,
blinding of patients
and providers,
statistical analysis,
drop-outs
No sample size
calculation
No definition of PO
No placebo AC
control
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Individual AC vs 15 AC
p-SAC
14 p-SAC

10 sessions over
a period of 5 wk,
follow-up 16 wk
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PO: Colitis Activity
Index (CAI)
SO: quality of life,
general well-being

↑AC superior

to p-SAC
related to PO
↑in both

groups for PO
and SO
no significant
group
difference for
SO
Yue et al [30] RCT
2005

Standardised AC 43 AC
10 sessions daily
+ plum-Blossom 35 Sulfasalazine
needle/cupping group
vs Sulfasalazine

symptoms

Yang et al[29], RCT
1999

Standardised AC
vs Salicylazosulfapyridinum
(5 g/d for the
stage
of attack 2 g/d for
remission)

10 sessions
(3 d in between),
Moxa 3x daily
for 10 d

Symptoms
examination of feces
electrogastrogramm
sigmoidoscopic
findings

↑AC superior to

32 AC
30 Salicylazosulfapyridinum
group

↑AC

superior to
Sulfasalazine

Salicylazosulfapyridinum
for all outcomes

-

Crohn´s
disease

Joos et al [20] , RCT
2004

Individual AC vs 27 AC
p-SAC
24 p-SAC

20 sessions over
a period of 4 wk,
follow-up 12 wk

PO:Crohn's Disease
Activity Index
(CDAI)
SO: quality of life,
general well-being

↑AC superior to

Gastroparesis
(Diabetes)

Wang et al[32], RCT
2004

Individual AC vs 35 AC
Domperidone vs 25
no treatment
Domperidone
group
20 no treatment

2 courses a 10
sessions
(5 d between
courses)

symptoms

↑AC superior in

1 session

Gastral frequency in ↑for ECG and
electrogastrohPP levels
graphy (ECG)
serum parameters:
Glucose, Gastrin,
Motilin, hpp =
human pancr.
polypeptide)

C h a n g e t Uncontrolled Electro-AC
al[31],2001
before-after on St36
study
no comparison

www.wjgnet.com

15

p-SAC related to
PO
No significant
group
difference for SO
↑in both groups
for PO and SO

Number 25
Calculated number
of patients not
reached
Not all outcomes
evaluator-blind

No description of
randomization
process, allocation
concealment,
blinding of patients
and providers,
statistical analysis,
drop-outs
No sample
size calculation
No definition of PO
No placebo
AC control
No description of
randomization
process , allocation
concealment,
blinding of patients
and providers,
statistical analysis,
drop-outs
No sample size
calculation, no
definition of PO, no
placebo AC control
p-values unclear in
publication, outcome
measures unclear
Not all outcomes
evaluator-blind

No description of
comparison to
randomization
domperidone and process , allocation
no treatment
concealment,
blinding
of patients and
providers,
statistical
analysis, drop-outs
No sample size
calculation,
No definition of PO
No placebo
AC control
No control group
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Chronic
superficial
gastritis

Zhao et al[33], RCT
2003

Individual AC
(8 Methods of
Intelligent Turtle)
vs individual AC
(conventional)

20 Turtle
group;

3421
1 session

Symptoms

↑8 turtles

superior to
AC according
syndrome
differentiation

20 individual
AC

-

Chronic
K l a u s e r e t Uncontrolled Standardised
obstipation al[34], 1993
before-after- electro-AC
study

Stomach
carcinoma
pain

Achalasia

Dang et al[35], RCT
1998

S h i
e t Controlled
al[36],1994
study

Individual AC vs
acupoint injection
therapy vs
analgetics

No description of
randomization
process, allocation
concealment,
blinding of patients
and providers,
statistical analysis,
drop-outs
No sample size
calculation,
No definition of PO
No placebo AC
control
Assessment of
outcome measure
unclear

8

6 sessions over a
period of 3 wk

Stool frequency
Acupuncture not No control group
colonic transit times effective stool
subjective feeling
frequency and
colonic transit
time
Subjective feeling
improved in all
patients

16 individual
AC

2 mo ( daily
sessions for two
weeks with 2-3
d between two
courses)

analgesic effects
leukocyte counts,
quality of life,
plasma leukenkephalines
(PLEK)

16 injection
group
16 analgetics
group

Standardised AC 11 AC;
vs sedatives
10 sedatives
group

3 courses à 10
sessions with
3-4 d between
courses

Symptoms,
x-ray barium
meal

↑AC and

point injection
compared to
analgetics for
"markedly
effective rate"
and PLEK
↑for QoL in all
groups without
group differences

No description of
randomization
process, allocation
concealment,
blinding of patients
and providers,
statistical analysis,
drop-outs
No sample size
calculation,
No definition of PO
No placebo AC
control
Assessment of
outcome measure
unclear

↑AC superior to

Not randomized

sedatives for all
outcomes

No description of
statistical analysis
and drop-outs
No sample size
calculation,
No definition of PO
No placebo AC
control

↑: significant improvement; AC: acupuncture (real); p-SAC: penetrating sham acupuncture at non-acupuncture points; np-SAC: non-penetrating sham

acupuncture (= ”Streitberger-needle”); PO: primary outcome; SO: secondary outcome.

inserted acupuncture needles into 3 different areas
of the body which did not correspond to recognized
acupuncture points (p-SAC). In both trials [19,22] , a
significant improvement in health-related Qol was found
in both groups without significant group differences.
The remaining 5 IBS-trials had a non-randomised design.
Rohrbock et al[23] found that rectal hypersensitivity was
reduced by both electro-AC and np-SAC. However, the
groups were very small (9 patients with IBS) and there
was no information about a-priori power calculation. The
study of Xiao et al[24] comprised the highest number of

patients (n = 74). Three subgroups of IBS-patients and 30
healthy controls were assessed. Since the authors gave no
information about a-priori defined statistical protocol, the
increased barostat threshold in the diarrhea predominant
group may also be a coincidental finding. The IBS-trials
of Fireman, Chan and Kunze had serious methodological
deficits preventing suitable conclusions. Fireman et al[25]
performed an atypical acupuncture treatment by using
only a single acupuncture point. Chan et al [26] had no
control group and Kunze et al [27] gave no information
about an a-priori defined statistical protocol. The latter
www.wjgnet.com
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Potentially relevant abstracts identified
and screened: n = 58

Excluded on the basis title and
abstract: n = 36

Full text publication retrieved for more detailed
evaluation: n = 22

Excluded on the basis of full text: n = 4
• not evaluating acupuncture: n = 2
• no clinical trial: n = 2
Trials included: n = 18

Figure 1 Trial flow.

found AC superior to SAC by evaluating five subgroups of
altogether 60 patients. However, the type of real AC and
SAC treatment remained unclear. Chen et al[28] evaluated
acupuncture in patients with functional dyspepsia versus
drug treatment and found a significant improvement in
both groups without any group difference. However, the
randomisation, statistical analysis and drop-outs remained
unclear (Table 1).
Inflammatory bowel disease
Four trials were performed in patients with inflammatory
bowel disease (IBD) (colitis ulcerosa: n = 3, Crohn's
disease: n = 1) [20,21,29,30]. Two trials by Joos et al [20,21] (1
ulcerative colitis, 1 Crohn's disease) had a rigorous
methodological design comparing individual acupuncture
including moxibustion versus p-SAC. However, in
the colitis-study the a-priori calculated number of
patients could not be reached [20] . In both trials real
acupuncture was significantly superior with regard to
disease activity scores (= primary outcomes) but not
to QoL questionnaires and symptom scores. However,
Qol and symptom scores improved significantly in
both groups after treatment compared to baseline. The
remaining 2 publications assessed standard acupuncture/
moxibustion [29] and standard acupuncture/tapping
with plum-blossom needles [30] versus drug treatment
(Sulfasalazine) in patients with ulcerative colitis. In both
studies, acupuncture was significantly superior to drug
treatment regarding symptoms. However, both studies had
major methodological deficiencies including insufficient
description of endpoints, randomization process and
missing power calculations.
Other gastrointestinal disorders
Two studies assessed the effect of acupuncture in
patients with diabetic gastroparesis [31,32]. In the study
of Wang et al [32], individual acupuncture was superior
to drug treatment (Domperidone) with a total effective
rate of 94% regarding symptoms. However, statistical
analyses and calculations for the effective rates were not
described in the publication. In the study of Chang et al[31],
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cutaneous electrogastrography and serum parameters
after needling of St 36 were assessed in 15 patients with
diabetic gastroparesis. This rather experimental design
revealed significant changes in electrogastrography and
serum parameters after acupuncture but presented no
information about clinical effects.
The four remaining studies evaluated acupuncture
in the following medical conditions: chronic gastritis[33],
chronic constipation [34] , stomach carcinoma pain [35]
and achalasia [36]. The study of Klauser et al [34] was an
uncontrolled pilot study assessing standard acupuncture
in 8 patients with chronic constipation. No changes were
found regarding stool frequency and colonic transit times
whereas all patients stated a substantive improvement after
treatment in this study. In the study of Zhao et al[33], an
acupuncture treatment according to ancient theories (8
Methods of Intelligent Turtle) was superior to an individual
acupuncture according to syndrome-differentiation. In the
study of Dang et al[35] where acupuncture treatment for
stomach carcinoma pain was assessed, significantly higher
"markedly effective rates" were found for individual AC
and acupoint injection compared to analgetics whereas
Qol improved in all groups without group differences. In a
non-randomized study, Shi et al[36] found therapeutic effects
of acupuncture which were significantly superior to a
treatment with sedatives for achalasia. However, the latter
four studies had severe methodological deficits preventing
firm conclusions.

CONCLUSION
Our systematic review reveals only a few clinical trials,
thereof only four robust RCTs, that evaluate the
effectiveness of acupuncture treatment in gastrointestinal
disorders. The trials of higher methodological quality
comprise the medical conditions IBS and IBD. In both
conditions, health related QoL improved remarkably after
acupuncture, although there was no difference of QoL
improvement between real and sham/placebo acupuncture.
Altogether, in all trials where QoL or subjective symptoms
were assessed, QoL/subjective symptoms improved in AC
and SAC groups without significant group differences. In
contrast to this, real acupuncture was significantly superior
to sham acupuncture with regard to disease activity in
the Crohn and Colitis trials. It is not possible to draw
sure conclusions from the trials of other gastrointestinal
diseases as they are all hampered by major methodological
deficits.
The high placebo response of patients with IBS
is a widespread phenomenon across different therapy
a p p r o a ch e s [ 3 7 ] w h i ch m i g h t b e d u e t o e n h a n c e d
suggestibility[38,39] and other personality factors in these
patients. The impact of acupuncture is ideally explained
by both trials of Forbes et al [19] and Schneider et al [22]
together. Forbes et al could show that real acupuncture
with individual pattern is equal to sham acupuncture (with
needles at non-acupuncture-points). Thus, an unspecific
physiological needling effect could be hypothesized to
be responsible for the effectiveness of acupuncture
in this trial. However, a physiological unspecific effect
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seems to be unlikely as placebo acupuncture (with
telescopic needles at non-acupuncture points) is equal to a
standardised AC in the Schneider study[22]. To summarize
for IBS, standardised AC, individual AC, p-SAC and npSAC provides improvement of QoL. As a consequence,
this effect, which is similar to effect sizes achieved with
psychotherapeutic interventions[40,41] and antidepressants[40],
can be interpreted as psychological effect. This conclusion
is supported by Rohrbock et al[23] who demonstrated pain
reducing effects of both electro-AC and np-SAC. The
psychological effect could be explained by the composition
of an explicit 'handling' as a treatment strategy and implicit
signalling of a holistic understanding of the patients'
problems[22]. In this context, acupuncture could be seen as
a complex intervention consisting of several specific and
unspecific components[42]. In particular, improvement of
QoL might be strongly related to indivisible characteristics
and incidental elements, which complicates detection of
specific effects[7]. However, at the moment we can not
estimate to what extent these potential unspecific effects
happen on a psychological level and/or on a physiological
level. Further research would be necessary to determine
specific effects of acupuncture treatments in IBS although
one could raise ethical questions about the necessity of
placebo controlled trials to evaluate harmless but effective
therapies.
With regard to inflammatory bowel diseases, the study
results of Joos et al[20,21] show a statistically and clinically
relevant improvement of disease activity pointing to
some specific effects of acupuncture. Subgroup analyses
in both studies revealed that higher activity grades and
disease duration of less than 5 years seem to predict the
efficacy of acupuncture therapy. Psychoneuroimmunologic
pathways influenced by acupuncture may be an explanation
for the presumed acupuncture effects in Crohn and Colitis
patients. This needs to be evaluated in further clinical and
experimental studies.
In conclusion, efficacy of acupuncture related to QoL
in IBS may be explained by unspecific effects. This is the
same for QoL in IBD whereas specific acupuncture effects
may be found in clinical scores. Further trials would be
necessary to evaluate specific and unspecific acupuncture
effects in the treatment of gastrointestinal disorders.
However, it must be discussed on what terms it would help
patients if this harmless and obviously powerful therapy is
demystified with further placebo controlled trials. On the
one hand this could protect against health fraud, on the
other hand the loss of belief in a healing method could
destroy its important healing effects.
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Abstract
Over the last several years there has been a growing
interest in placebo, not only as an inert control in clinical
trials, but also in the placebo effect as a group effect as
well as a reaction in individual subjects. Methodological
factors such as regression to the mean and natural
history of the disease play a role in the evaluation of
a possible placebo effect. In this report, we discuss
several factors including Pavlovian conditioning,
beliefs outcome, expectations, and other factors as
potential mediators of the placebo response. Placebo
effects are common in gastrointestinal diseases
and there seems to be no clear difference between
placebo effects in functional gastrointestinal diseases
(functional dyspepsia and irritable bowel syndrome)
and organic gastrointestinal disease (duodenal ulcer and
inflammatory bowel disease).
© 2007 WJG . All rights reserved.
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INTRODUCTION
A "placebo" is an inert or sham treatment used as a
pharmacological control when assessing an active drug.
This is a standard requirement in clinical trials designed
to asses the effectiveness of drug treatment. However,

it is widely believed and there is sufficient evidence that
placebos can elicit therapeutic benefits even if the placebo
has no intrinsic effect[1-5].
Over the last 50 years placebo effect has received a
good deal of attention. While Beecher[6] in an early form
of meta-analysis of 15 selected clinical trials, suggested
an average of 35% placebo effect, a recent quantitative
review[7] was unable to consistently find a strong placebo
effect in the studies reviewed according to very restrictive
methodological criteria. There was a small effect for
subjective outcome measures but it was questioned
whether this effect was clinically relevant. However, both
studies can be criticized for methodological reasons. While
Beecher[6] included studies without a non-treatment group,
which basically does not allow any conclusions about
a possible placebo effect. Hrobjartsson & Gotzsche [7]
included a wide variety of diseases, some of which are
not very likely to respond to placebo intervention. A
revised version of the study by these authors[8], included
more trials and revealed greater evidence for the existence
of a placebo effect. Nonetheless, the insight remains
that placebo effects are overall rather small and can vary
extensively according to the diagnosis and method of
placebo intervention. Thus, meta-analyses on placebo
effects focussing only on one type or group of diagnoses
is likely to be more informative about the circumstances
under which placebo effects are likely to occur[4].
Perhaps the most powerful placebo effect can
be elicited in patients suffering from chronic pain
syndromes[9]. This is also true for experiments in healthy
subjects when pain is used as an intervention[3]. Placebo
analgesic effects are well established and have largely
helped to understand the neurobiology of pain-associated
placebo response[3,10-12]. In this context, the placebo effect
has been shown to be stronger when complex [13] and
invasive interventions [14] are used, and placebos given
at a higher frequency appear to be more effective[15]. In
addition to acute and chronic pain, placebo effect has
been observed in patients with depression[16], Parkinson's
disease[17], irritable bowel syndrome (IBS)[18,19], and several
other clinical conditions.
In order to structure the discussion on "placebo",
Hoffmann et al[1] suggested distinguishing placebo effect
from placebo response. These authors proposed that the
term placebo effect should be used to refer to an average
improvement in a group of subjects who received placebo
treatment, whereas the term placebo response should
refer to a change in the individual in response to placebo
treatment. Such a distinction is helpful in classifying the
www.wjgnet.com
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problems associated with the placebo effect, to identify
effects which maybe mistaken as placebo effects, and to
investigate the mechanisms underlying the true placebo
response. Two major methodological biases may be
mistaken for a true placebo response: the effect of natural
history and regression to the mean.

Placebo effects: group of subjects

NATURAL HISTORY AND REGRESSION TO
THE MEAN

Variability/signal
to noise ratio

It can be assumed that a pathological condition, such as
for example stomach pain, will peak at some point and
then eventually subside as long as it does not follow a
chronic course. An ineffective treatment will not influence
the course of the disease, while an effective treatment
will decrease the peak and most likely flatten the slope of
the curve, such that the symptoms are either less intense
and/or will subside earlier. A successful placebo will
decrease the slope of the curve, maybe even to the extent
an effective treatment would (in this case, the treatment
would not be superior to placebo)[1]. However, only those
studies that include a "non-treatment group" are able
to separate natural history from a placebo effect. Thus,
even in Beecher's[6] first systematic analysis of the placebo
effect, some of the effects may also be attributed to other
mechanisms such as natural history and regression to the
mean[20].
Typically, subjects show individual variation of
symptoms over time. These fluctuations tend to change
towards the mean. The mechanism is similar to the law
of initial values: subjects starting with a high value have a
higher chance of decreasing values than subjects starting
with low values. Hoffman et al [1] argue that patients
have the highest chance of seeking treatment, when the
symptom level is high, or at least close to maximal. This
will most likely also be the point, where these individuals
have the highest chance to be entered into a study. Thus,
since their initial symptom level is high, they have a higher
chance for decreased symptom levels in their second
assessment, even though the decrease in symptoms is
not exclusively attributable to treatment or placebo, but
may as well be natural history or regression to the mean.
Again, the only reliable way to control for both effects,
besides blinding the study participants and the investigator,
is an untreated control group. In their meta-analysis,
Hrobjartsson & Gotzsche[7] compared only clinical trials
including a no-treatment group. They concluded that often
there was only a small difference between the placebo
group and the untreated control group, with the exception
of pain treatment, where the placebo effect was more
substantial.
Regression to the mean is more pronounced in disease
states, which have a cyclical course (e.g. IBS, depression).
Thus, it can be expected, that the longer the trial lasts,
the more pronounced the effect will be. Nonetheless, the
average placebo response in patients with irritable bowel
syndrome is about 40%, even if the study period is as
long as one year[21]. Moreover, factors such as the methods
used to measure symptoms (global symptom scores vs
specific symptom scores including symptom severity),
www.wjgnet.com
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natural history
true placebo response

Placebo response: individual reaction
expection
conditioning
suggestion
beliefs

etc.
Neurobiological basis

Figure 1 Characteristics of the placebo effect and possible confounding
mechanisms compared to possible mechanisms of the placebo response[1,26].

and the length of the interval to be rated by the patients
retrospectively[22], also influence whether placebo effect
can be separated from regression to the mean.

FACTORS INFLUENCING THE PLACEBO
RESPONSE
It is usually very difficult to assess the placebo effect in
clinical studies or by means of meta-analyses, since the
aim of these studies is to asses the effectiveness of an
active treatment and not the placebo. In most of these
papers, the placebo response is rather an unwanted side
effect (for methodological discussion see[23-25]). However,
possible mediators of the placebo response such as the
patient's expectations and classical conditioning, and less
well evaluated factors such as beliefs, have been identified.
These factors influence the "signal-to-noise ratio" which
describes the ability of the patient or the doctor to identify
a change in symptoms[5] (Figure 1).
One of the most plausible theories put forward
to explain at least some of the placebo responses, the
Pavlovian conditioning, is derived from learning theory:
the response to an inert stimulus, a neutral stimulus in
learning theory and the placebo in the healing context,
is a consequence of its previous pairing with an active
component that induced symptom improvement. As a
consequence, the whole illness history of the patient will
influence the response to placebo [26]: were pain killers
always successful given as pills, a placebo pill will most
likely be effective as well.
Pavlovian conditioning has been shown to influence
immunological, endocrinal, intestinal, and other body
functions [27]. Moreover, Benedetti et al [10] were able to
show that Pavlovian conditioning in the pain context was
able to override verbal placebo instructions. Presumably,
Pavlovian conditioning to a placebo will induce a placebo
response, which activates the same biological mechanism
as the active drug. This mechanism has been investigated
in detail for placebo analgesia. Placebo analgesia is
mediated through the endogenous opiate system and
can be blocked by the opiate antagonist naloxone, while
naloxone alone does not induce an enhancement of pain
in a non-treatment group[10,28-31]. Furthermore, in healthy
subjects placebo analgesia activates the same cortical areas
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in experimental pain as opiate analgesia[11]. These cortical
areas are also activated, when pain is anticipated[12].
Outcome expectations have been shown to induce
placebo responses[19,32,33]. A recent experiment in patients
with IBS showed that within 15 min after rectal lidocaine
infusion, patients reported relief of both rectal pain as
well as lower limb cutaneous hyperalgesia. The placebo
(saline infusion) was also able to reduce the rectal and
limb pain, though to a lesser extend[34]. When the placebo
application was combined with verbal suggestion for
pain relief in another study from the same group[35], the
placebo response reached the same level of effectiveness
as lidocaine.
Outcome expectations may also interact with Pavlovian
conditioning. In a recent study by Benedetti et al[10], verbal
instruction was as successful in inducing placebo analgesia
by means of Pavlovian conditioning. However, this effect
was not replicated in conditioned hormonal response.
Conditioned suppression of cortisol secretion was able to
override verbal instructions, but verbal instructions alone
were not sufficient to override the conditioned hormonal
response. These findings emphasize that placebo analgesia,
a process associated with a high level of conscious
symptom awareness, differs substantially from other
placebo responses[2].

PLACEBO EFFECTS IN PATIENTS WITH
FUNCTIONAL BOWEL DISORDERS
According to two recent meta-analyses and results of 45
published trials, the placebo response rate in functional
dyspepsia varies between 6% and 72%[36,37]. The placebo
response rate in IBS (based on 50 placebo controlled trials)
ranged between 3% and 84%[38-42].
The reason for this wide range remains unclear, but the
factors influencing the placebo response seem to be the
duration of the study[43], the number of follow up visits
during the study[44] and the number of patients included
in the study[26]. Enck & Klosterhalfen[26] reanalysed the
data compiled by Spiller[43] with respect to the association
between the amplitude of the placebo effect and the
study duration. They also included the only available 1
year study [21]. Even considering that only three studies
lasted longer than three weeks, it appears that with longer
treatment duration, the placebo response will stabilize at
around 40%. Moreover, if the sample size is greater than
500 patients, the placebo effect tends to stabilize around
40%[26]. Considering the initial range (3%-84% for IBS and
6%-72% in functional dyspepsia), this finding supports the
important role of "regression to mean" as a contributing
factor to the placebo effect.

PLACEBO EFFECTS IN OTHER
GASTROINTESTINAL DISORDERS
In patients with ulcerative colitis[45], the placebo effect was
as high as 40% for subjective measures such as clinical
benefit, > 30% for endoscopic remission, and around 25%
for histological remission. However, the placebo effect was
also strongly dependent on the number of study visits: 3 or
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Table 1 An example of a possible "balanced placebo design"
study
Information
Drug
Application

Drug
Placebo

True positive
False positive

Placebo
False negative
True negative

One half of each group receiving either the drug or placebo in a blinded
fashion is informed that they have received the drug, the other half is
informed that they have received a placebo.

less visits were less likely to induce large placebo response
rates compared to 4 or more visits during the trial. Placebo
effects for Crohn's disease were on average 18% for
remission, however, there was a large inter-study variability,
ranging between 0% and 50%[46]. Potent predictors of the
placebo response were the number of study visits, study
duration and severity of disease at entry.
In patients with duodenal ulcer, the placebo effect
ranged between 0% and 100% (with an average of about
35%)[47]. In this condition, the placebo rate was dependent
on dose frequency and was 6% to 8% higher when the
medication was given four times a day compared to twice
daily[13]. A high covariation between the response rates to
the active drug and the placebo response rates within and
across trials are indicative of a low verum effect and a high
rate of "spontaneous healing"[47]. This finding is common
in diseases with a high rate of spontaneous fluctuation
and has also been reported for ulcer disease [48,49]. The
correlation between the drug healing rate and the placebo
healing rate based on data from 117 ulcer treatment trials
was highly significant (r = 0.4). Moerman's[48] observations
strongly support the argument for the inclusion of
untreated control groups, if the true placebo response is
to be separated from "natural history".

METHODOLOGICAL ASPECTS AND
IMPLICATIONS FOR CLINICAL TRIALS
It is clear that "placebo" is not a homogeneous concept or
phenomenon. Besides general methodological problems
such as regression to the mean and natural history which
maybe mistaken as a placebo effect, the placebo response
itself and whether it occurs or not is strongly dependent
on several factors such as the disease being assessed
(e.g. pain associated symptoms are more susceptible
to placebo), variables associated with the patient (e.g.
outcome expectation and beliefs) and the doctor (e.g.
outcome expectation and instruction), and the setting (e.g.
Pavlovian conditioning). It is important to control for
these variables when designing a clinical trial; however, in
the clinical setting some effects may even be desired, and it
maybe useful to consistently establish beliefs and outcome
expectations to create the "healing setting" as powerful as
possible.
In order to control for regression to the mean and
natural history in a clinical trial, an untreated control group
should be included whenever this is possible and ethically
justified. If that is not possible, the minimum control
www.wjgnet.com
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should be a group treated with standard therapy[4]. A very
useful design for the control of factors influencing the
placebo response is the "balanced placebo design"50] (for
detailed discussion see[4]). The original design includes a
minimum of four groups, an active drug group and it's
control, placebo, and two more groups, which are varied
according to factors influencing the placebo response,
such as beliefs induced by instructions (Table 1), doctors
attention, study visits, medication regimen etc. Such a
design if completed for an untreated control or standard
medication group, allows conclusions about the amplitude
of the placebo effect (placebo vs waiting/standard
treatment) and the components influencing the placebo
response (e.g. attention, beliefs, expectation).

11
12

13
14
15
16

CONCLUSION
In general, placebo effects manifest themselves in
subjective outcome measures[8]. However, even if subjective
improvement is the most prominent change, other
studies[45] show, that placebo benefits may be associated
with improvements, although not to the same extent, in
objective disease markers (endoscopic and histological
abnormalities). If, in addition to the appropriate medical
care, the patient feels good about the treatment, because
he or she shares the same outcome expectations as their
doctor, this should be a desirable benefit (for discussion of
beneficial aspects of placebo in gastrointestinal disease see[51]).
Placebo effects in gastrointestinal diseases are as
common as placebo effects in other diseases and constitute
a significant confounding factor in the assessment of drug
efficacy. However, since an appropriate control in clinical
trials is possible, the focus of placebo research is shifting
from being a nuisance factor in clinical trials towards
studies designed for a better understanding of the factors
influencing the placebo response in the individual and the
neurobiological basis of the placebo response.
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Abstract
Nausea and/or vomiting are aversive gastrointestinal
( G I ) s y m p t o m s . N a u s e a a n d v o m i t i n g m a n i fe s t
unconditionally after a nauseogenic experience. However,
there is correlative, quasiexperimental and experimental
evidence that nausea and vomiting can also be learned
via classical (Pavlovian) conditioning and might occur
in anticipation of the nauseogenic event. Classical
conditioning of nausea can develop with chemotherapy
in cancer patients. Initially, nausea and vomiting occur
during and after the administration of cytotoxic drugs
(post-treatment nausea and vomiting) as unconditioned
responses (UR). In addition, 20%-30% of cancer patients
receiving chemotherapy report these side effects, despite
antiemetic medication, when being re-exposed to the
stimuli that usually signal the chemotherapy session and
its drug infusion. These symptoms are called anticipatory
nausea (AN) and/or anticipatory vomiting (ANV) and
are explained by classical conditioning. Moreover,
there is recent evidence for the assumption that postchemotherapy nausea is at least partly influenced by
learning. After summarizing the relevant assumptions
of the conditioning model, revealing that a context
can become a conditioned stimulus (CS), the present
paper summarizes data that nausea and/or vomiting is
acquired by classical conditioning and, consequently,
may be alleviated by conditioning techniques. Our own
research has focussed on two aspects and is emphasized
here. First, a conditioned nausea model was established
in healthy humans using body rotation as the nauseainducing treatment. The validity of this motion-sickness
model to examine conditioning mechanisms in the
acquisition and alleviation of conditioned nausea and
associated endocrine and immunological responses is
www.wjgnet.com

summarized. Results from the rotation-induced motion
sickness model showed that gender is an important
moderator variable to be considered in further studies.
This paper concludes with a review of the application of
the demonstrated conditioning principles as interventions
to ameliorate distressing AN/ANV in cancer patients
undergoing chemotherapy, which is the second focus of
our work.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Nausea and/or vomiting are aversive symptoms of the
gastrointestinal (GI) system. In the present paper, we
review the empirical evidence that nausea and vomiting
can be acquired by classical (Pavlovian) conditioning and
consequently can be prevented or reduced by means of
classical conditioning. With regard to basic research, we
will summarize data showing that a context contingently
paired with the experience of nausea will become a
conditioned stimulus (CS) for inducing nausea. The clinical
perspective is on how symptoms such as nausea during
motion sickness and anticipatory nausea in cancer patients
are acquired by classical conditioning and consequently
prevented via conditioning techniques.
Nausea is a "subjective, unpleasant feeling that may
signal imminent vomiting. Nausea is accompanied by
changes in autonomic nervous system activity, particularly
parasympathetic activity, diminished gastric tone, reduced
peristalsis and retrograde peristalsis, and retrograde duodenal
peristalsis." Vomiting is the "forceful emptying of the gastric
contents through the sustained action of abdominal muscles
and the opening of the gastric cardia[1]."
Nausea and vomiting occur under a variety of conditions,
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such as in cancer chemotherapy, after vestibulary stimulation
(motion sickness), or during pregnancy. In this paper, we
will address two types of nausea: (a) nausea as a symptom
of motion sickness, and mainly (b) nausea and vomiting in
cancer patients undergoing cytotoxic drug treatment, which
are regarded by patients as the most aversive side-effects
of cancer treatment. Experiencing these side-effects might
result in treatment drop-outs[2]. Referring to recent studies,
Bovbjerg[3] pointed out that in the absence of prophylactic
antiemetic therapy, the percentage of patients experiencing
vomiting after their first chemotherapy would reach 90%.
Despite modern antiemetic treatment, about 25% to 30%
of chemotherapy patients report these side-effects even
prior to a subsequent infusion upon being re-exposed to
the stimuli that usually signal the drugs' infusion[4-6]. These
symptoms are called anticipatory nausea (AN) and/or
anticipatory vomiting (ANV).
The aim of the present paper is to address the question
of whether AN, ANV and related symptoms, as well as
associated endocrine and immunological responses, are
acquired by classical conditioning. In addition, we studied
how conditioning techniques might be used to alleviate
AN and ANV responses in healthy subjects that are
exposed to an experimental nausea model with rotation
as the nausea-inducing stimulus and we considered how
to extend the effective methods to patients receiving
chemotherapy. An aspect of the conditioning model for
chemotherapy that has been considered recently is whether
post-chemotherapy nausea is augmented by learning
processes, which then add to the unconditioned nausea
response[3,7]. This question is also addressed in the present
paper.

CLASSICAL CONDITIONING AND
THE DEFINITION OF US AND
CS IN NAUSEA-INDUCING CONDITIONS
Mechanism of classical conditioning and the basic
paradigm
Classical conditioning is a basic associative learning paradigm
originally described by I. Pavlov[8]: An organism learns
to associate two stimuli, an initially neutral stimulus (the
conditioned stimulus, or CS) and a biologically relevant
stimulus (the unconditioned stimulus, or US). By pairing a
CS with the US in the acquisition phase, the CS comes to
evoke a conditioned response (CR), which is commonly
similar to the response elicited by the US and is nausea and
vomiting in the present case. This association is assumed
to take place within the central nervous system (CNS)[9].
There are conditions where even a single pairing ("trial")
of CS→US can induce learning, i.e. in conditioned taste
aversion.
A real-life situation that has features of a classical
conditioning trial is the application of a drug in the presence
of predictive cues. The dr ug, or more precisely its
centrally detectable effects, constitutes the US. Because the
environmental context in which a drug is administered can
act like a CS, the environmental stimuli that contingently
signal the US may become CSs, so that some degree of
illness will come to occur anticipatorily in the presence
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Acquisition Phase
CS
Environment
Smell
Color of a capsule
Infusion apparatus
Room
Context

US
Centrally detectable
effects of
Cytotoxic Drugs
Motion
(Sensory Mismatch)
GI stimulation

UR
Neurally mediated
response
Nausea and related
symptoms
Endocrine, immunological correlates

Test
CS
Environment
Smell
Color of a capsule
Infusion apparatus
Room
Context

CR
Neurally mediated
response
Nausea and related
symptoms
Endocrine, immunological correlates

Figure 1 The classical conditioning model of nausea and vomiting. Definition of
the unconditioned stimuli (US), the conditioned stimuli (CS), and the unconditioned
response (UR), the conditioned response (CR) and their mediation. Description of
acquisition (learning) and test.

of these predictive cues [10-12] . Figure 1 describes this
learning process for nausea-inducing interventions for
the acquisition phase (pairing of CS and US) and the test
phase (where the CS elicits the CR).
The first evidence of classical conditioning of nausea
and emesis comes from early experiments conducted by
Collins and Tatum[13], using morphium sulphate, and from
experiments done in the laboratory ofⅠ. Pavlov by his
collaborators, using morphine (studies done by Krylov)
and apomorphin (studies conducted by Podkopaev) [8].
After animal subjects had experienced the injection of
these substances, signals that had reliably predicted drug
administration (i.e., entry of the experimenter, drawing of
the syringe) resulted in nausea, salivation and emesis.
An often used paradigm showing conditioning effects
with nausea-inducing drugs is conditioned taste aversion
(CTA). CTA manifests in the avoidance of a taste that
was initially preferred but is avoided after this taste had
been paired with the administration of an illness-inducing
manipulation such as gamma radiation[14], or with illnessinducing drugs such as lithium[15], or cyclophospamide[16].
CTA has some features that make it a unique form of
learning in that it can be established after a single CSUS pairing (one trial learning), and CS and US can be
separated by long CS-US intervals. Moreover, there is a
preparedness for certain qualities of CS and US to become
a CS because gustatory and olfactory stimuli are more
easily associated with illness-inducing USs than visual and
acoustical stimuli.
CNS mediation of nausea and vomiting
The CNS mediation of nausea and vomiting is important
because the CNS is assumed to be involved in the
detection of both the CS and US as well as the formation
of the CS-US association. The CNS structures that
are involved in nausea and vomiting and the central
mechanism regulating nausea are still an area of research.
As summarized in Figure 2, the emesis coordination
center in the brain stem receives afferents from: (1) the
www.wjgnet.com
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During and after chemotherapy
Chemoreceptive trigger zone
(CTZ) in the area postrema

Higher cortical centers
and limbic system

Vestibular apparatus

CS
Stimuli in
the hospital
(smells, tastes, sight
of the infusion, the
nurse or doctor)

US

UR
post treatment
● nausea, vomiting (PNV)
● food aversion
● immunomodulation

Prior to chemotherapy
Emesis coordination center
in the brain stem

Mainly vagal

afferences

CS
Stimuli in the hospital (smells,
tastes, sight of the infusion,
thenurse or doctor)

CR
● anticipatory nausea and vomiting (ANV)
● learned food aversion
● anticipatory immunomodulation

Figure 3 The classcial conditioning model in cancer chemotherapy. CS:
conditioned stimulus, US: unconditioned stimulus; UR: unconditioned response;
CR: conditioned response.

(5-HT3)
Gastrointestinal tract

Figure 2 Central nervous system (CNS) structures and the mediation of nausea
and vomiting.

chemoreceptor trigger zone (CTZ) in the area postrema,
where drugs, such as cytotoxic substances, apomorphine,
and nausea-inducing opioids, are detected via dopaminergic
(D2), serotonergic (5-HT), muscarinergic, neurokinin 1
(NK1), opioid, alpha-2 adrenoreceptors and noradrenergic
receptors. (2) the vestibular system, where motion or
sensory mismatch is detected, and where histaminergic
(H1), muscarinergic and 5HT1b receptors are located. (3)
mainly vagal afferents from the gastrointestinal tract that
are activated by cytotoxic substances (such as cytostatic
drugs during chemotherapy), by toxic food or radiotherapy.
The receptors that are involved are 5-HT 3 and 5-HT 4,
as well as NK1 receptors in the gastrointestinal tract. (4)
higher brain centers and the limbic system.
Accordingly, the USs are the centrally detectable
effects of those biologically active stimuli (i.e. the centrally
detected effects of cytotoxic drugs, motion or sensory
mismatch and/or gastrointestinal stimulation), afferently
reaching the emesis center leading to nausea and related
symptoms and to the unconditioned endocrine and
immunological changes (considered as the unconditioned
responses, or URs), which are components that will be
evoked by the CS as CRs.
Chemotherapy as a natural situation for classical
conditioning
The situation in which a cancer patient receives chemotherapy has been labelled a natural laboratory [17] to
examine Pavlovian conditioning of anticipatory side
effects. Figure 3 shows the Pavlovian conditioning model
for cancer chemotherapy. The patient will experience the
infusion of the cytotoxic drugs in the presence of hospital
stimuli, such as smells, tastes, the sight of the infusion
apparatus or of the nurse or the doctor. These signals
reliably precede the start of the infusion. The drugs of
the infusion unconditionally induce nausea, food aversion
and immunomodulation after their administration; i.e. in
www.wjgnet.com

the post-treatment phase as the UR. Finally, the hospital
stimuli alone will induce nausea, immunomodulation and
food aversion prior to drug administration as anticipatory
responses; i.e., AN, ANV, anticipatory immunomodulation
and learned food aversion.
In our studies on ANV, we use the following procedure
to measure the unconditioned as well as the conditioned
subjective side-effects of cytotoxic drugs in chemotherapy.
Subjects are asked to indicate the occurrence and intensity
of nausea, vomiting, dizziness, hot flashes, heart beat,
weakness, headache and, additionally, loss of appetite.
These symptoms are recorded using diary-like symptom
lists 48 h prior to (to measure ANV) as well as 48 h after
(to measure PNV) a chemotherapy cycle. Additionally,
food aversion (i.e., the reduction in the hedonic quality
of food that had been consumed prior to the infusion),
cortisol and immune parameters were measured in one of
our studies[18].
Rotation as a nausea-inducing stimulus: motion-sickness
A successful way to induce nausea and related symptoms in
healthy humans is body rotation. In this model, the afferent
signals from the vestibular system constitute the US. Body
rotation results in a number of symptoms summarized
as motion sickness, defined as a "malady characterized by
the combination of signs and symptoms that accompany
movement or perceived movement in the environment"[19].
A common feature of the diverse situations capable of
inducing motion sickness is that they are all characterized
by a condition of sensory rearrangement in which motion
information signaled by the vestibular receptors, the eyes,
and non-vestibular proprioceptors are contradictory to
common past experience, i.e.[19], a sensory conflict occurs.
The most prominent symptoms of motion sickness
in humans are nausea and vomiting, pallor, and cold
sweating[19].
In our group ([20-22], Stockhorst et al, under revision),
we exposed subjects to body rotation in the following
way. Subjects were rotated around their vertical axis at
120 degrees/sec while seated in a rotation chair. During
the rotations, they were instructed to move their heads up
and down every 6 s with their eyes closed. Each rotation
trial lasted 60 s, followed by a 1-min break. In the studies
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conducted so far, between two and five rotations were
provided. To measure the subjective correlates of motionsickness (and thus the UR and CR) in our experiments,
subjects indicate the intensity of 7 symptoms (nausea,
urge to vomit, dizziness, headache, tiredness, sweating, and
general discomfort) and these symptoms were measured
prior to and at several time-points after the end of
rotation.
Immunological correlates of nausea and vomiting
Predictions about the putative immunological correlates
of nausea and related symptoms can be derived from data
obtained in studies on the cytokine-induced "sickness
behaviour" [23]. Cytokine-induced sickness behaviour is
defined as the constellation of non-specific symptoms
(such as weakness, malaise, listlessness and inability to
concentrate) as well as depression, lethargy, and loss of
appetite and drinking that occur during the course of an
infection[24]. These symptoms are assumed to be mediated
by proinflammatory cytokines (mainly interleukin [IL1 β ] and tumor-necrosis factor [TNF-α]) on brain cell
targets [24] , and are assumed to be activated and/or
transmitted to the brain via both neural and humoral
communication pathways. This model is supported by
studies showing that the central administration of IL-1β
induces food aversion and anorexia[25,26], i.e. the avoidance
of food that has been paired with a sickness-inducing
drug (e.g., IL-1 β ) with subsequent weight reduction.
Sickness behaviour also shares features in common with
the nonspecific symptoms of cancer and cancer treatment
side-effects [24,27,28]. Accordingly, a recent hypothesis is
that activation of cytokines in the brain (via cytokines
released by cancer cells or by stress from chemotherapy or
radiotherapy) is responsible for the nonspecific symptoms
of cancer including pain, cachexia, fatigue, sleep disorders
and cognitive alterations. Consequently, these cytokines
should be assessed during cancer chemotherapy. We can
assess these in our stressful rotation-induced sickness
model as well. In our studies, TNF-α was measured in all
rotation studies and in one study with cancer patients[18].
Endocrine correlates of nausea and vomiting
Cortisol was measured in all of the rotation experiments
and in one of our cancer chemotherapy studies[18]. The
rationale to explore cortisol was based on two ideas. First,
since rotation is an effective stressor, cortisol can index
acute rotation-induced stress[20-22]. Secondly, there are data
that indicate that endogenous (habitual) cortisol might
protect against chemotherapy-induced nausea: It has been
shown that patients with a high overnight level of urinary
cortisol preceding the onset of a chemotherapy infusion
show less nausea during and after chemotherapy [29] .
Also, dexamethasone, as a synthetic member of the
glucocorticoid class of hormones, is used as an antiemetic
drug and is assumed to augment the antiemetic effect
of 5-HT3 receptor antagonists. Similarly, glucocorticoid
treatment via prednisone was effective in reducing
acute mountain sickness (characterized by headache,
nausea, excessive fatigue, loss of appetite, irritability, and
insomina)[30]. Thus, cortisol is of interest as a potential
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state (i.e., acute) and trait (chronic) measure for nausea
susceptibility.

ANIMAL MODELS OF CONTEXT AVERSION
CONDITIONING AND ITS THERAPY
In order to explain the development of anticipatory nausea
to contextual hospital stimuli or to the rotation environment
by means of classical conditioning, a conditioning
paradigm is necessary that shows an association has
developed between the context, as the CS, and the nauseainducing drug, as the US. This model was elegantly
established by Hall and collaborators[11,12,31,32]. The authors
first demonstrated that the experience of a nauseainducing agent (i.e., lithium chloride [LiCl]) in conjunction
with exposure to a novel context will render the context
aversive. In order to demonstrate this context aversion,
rats received an injection of LiCl while being exposed to
a novel context (i.e., a new cage different from the home
cage in a number of features). In order to validate the
nauseogenic nature of the context, one of the following
test procedures, either the consumption test or the
blocking test[31], was used.
The consumption test demonstrates that the contextual
cues are capable of inducing, as the CR, some aspect
of the state induced by the US itself. Subjects are first
exposed to two different contexts (e.g., cage A and B).
The exposure to only one of these contexts is preceded
by an injection of LiCl, and the other is preceded by the
injection of saline. Rats are then exposed to one of the
contexts where they can consume sucrose solution. The
result is the consumption of sucrose is only suppressed in
the context that had been experienced with LiCl.
The blocking test is another way to demonstrate the
acquisition of conditioned nausea. In the first phase,
subjects experience the differential context exposure where
only one of two contexts is associated with the illnessinducing drug (LiCl). After the injection, subjects are
placed in one of two contexts, either A or B. Both groups
received a compound CS, consisting of the context plus
the flavor. As expected, the context blocks the acquisition
of the conditioned aversion to the flavor only if that
specific context had been paired with the injection of
LiCl. Moreover, Hall and collaborators provided evidence
that the context truly induces nausea (and not only taste
avoidance).
Using these indicators of context aversion conditioning
with nausea-inducing drugs, Hall and collaborators
demonstrated both latent inhibition [31] as well as overshadowing[31,32]. Overshadowing and latent inhibition (LI)
are both techniques to reduce the association between the
putative CS and the US. Overshadowing was originally
described by Pavlov [8] . In a typical overshadowing
experiment, a compound CS is paired with the US, where
one of the CS compound elements is more salient than
the other. This procedure results in only a weak association
between the less salient CS and the US. Latent inhibition
(LI)[33] consists of pre-exposing the event to be used as the
CS prior to the first administration of the US, and this preexposure reduces the amount of classical conditioning that
www.wjgnet.com
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subsequently occurs.
The concrete procedures are illustrated in experiments
carried out by our group aiming at reducing conditioned
nausea in the rotation paradigm with healthy humans and
in our overshadowing experiment with cancer patients, as
described in the following subchapters of this paper.

TESTING CONDITIONING IN THE
MOTION-SICKNESS MODEL IN HUMANS
Validation of the rotation conditioning paradigm to induce
an increase in cortisol and TNF-α, and conditioned taste
aversion
In pilot studies (25 female and 25 male university students),
screening for rotation susceptible subjects, TNF-α and
cortisol (in saliva) were measured prior to rotation (=
conditioned anticipatory symptoms) and immediately, 15
min and 30 min after the end of the last of a series of
maximally five rotations (unconditioned post-rotation
symptoms)[34]. Rotation resulted in an immediate increase
in post-rotation symptoms of nausea (P < 0.001), and a
tendency for an increase in TNF-α (P < 0.10). The cortisol
increase peaked 15 min after the end of rotation (P <
0.001), corresponding to the temporal dynamics of the
cortisol response seen after psychosocial stressors.
Another indicator for the validity of the rotation
paradigm in conditioning research is the development
of CTA, which was also demonstrated in the rotation
paradigm. CTA developed to a novel taste (elderberry) if
it was presented as the CS immediately prior to rotation
onset (US) in the experimental group, whereas a familiar
taste (water) immediately prior to rotation (US) in the
control group, or the novel taste in a 1-h distance from the
US did not yield CTA[20].
Experimental intervention by conditioning techniques in
the rotation setting
As already outlined for animal studies, conditioning
techniques that are well known to attenuate the CS-US
contingency would be expected to reduce conditioned
nausea in the rotation paradigm[34]. Two experiments were
conducted in our group using latent inhibition [21] and
overshadowing (Stockhorst et al, under revision).
For inducing LI in the rotation paradigm, the CS (the
rotation context) was presented without the US (rotation);
i.e. subjects were exposed to the rotation context prior
to their first rotation. Subjects were assigned to one of
three groups, differing in the number of pre-exposures (0,
1 or 3). Subjects receiving 0 pre-exposures (Group LI0)
were placed in a neutral environment on the three days
preceding the first rotation day, while those receiving one
pre-exposure (LI1) were placed in the neutral environment
two days before and exposed to the rotation environment.
Subjects receiving three pre-exposures (LI3) were seated
in the rotation environment without rotation for three
days. All subjects were given a maximum of five rotations
on d 3 and 4, and on d 5 (test) they were all seated in
the rotation environment without rotation. Significantly
reduced anticipatory nausea-related symptoms were found
in Groups LI3 and LI1 compared to LI0[21]. In general,
www.wjgnet.com
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females tended to show higher baseline scores in the
symptom rating; i.e. anticipatory nausea at d 5, compared
to males. However, they also showed a larger symptom
reduction as a result of CS-preexposure relative to the
untreated control group, LI0, mainly after one preexposure (LI1 vs LI0), but also after three pre-exposures
(LI3 vs LI0)[21].
The context pre-exposure LI treatments did not affect
post-rotation nausea, acute TNF-α or cortisol levels.
Cortisol levels increased acutely in all groups after rotation,
but decreased over repeated rotation exposures, more so in
the female subjects. TNF-α levels decreased after rotation,
but did not decrease from one to the next rotation session.
To induce overshadowing in the rotation paradigm,
healthy, rotation-susceptible subjects were assigned to one
of two groups. During the acquisition phase, subjects of
the experimental group were presented 100 mL of salient
tasting beverages with the taste changing on each day
(elderberry, haw sallow-thorn, sloe) prior to rotation onset
on three consecutive days. Subjects in the control group
drank water. To control for the different taste experiences
per se, subjects consumed the counterbalanced drink (i.e.,
water in the experimental group, and the salient beverage
in the control group) 12 h later in their home environment.
On the 4th day, subjects of both groups consumed water
prior to rotation in the rotation environment. As with the
cancer patients[7], subjects that drank the salient beverages
showed reduced (anticipatory) conditioned symptoms, as
well as attenuated post rotation symptoms (Stockhorst et al,
under revision).
Gender differences in rotation
In our rotation experiments, we found gender differences
in the unconditioned nausea response to rotation and in
the hormonal and the immunological response patterns
(see also[34]).
With regard to the unconditioned responses to motionsickness inducing treatment specified below, data from
other groups agree that women report more symptoms
than men[35] or report a greater incidence in their history of
previous motion sickness[36,37], but do not show differences
from males in their symptoms after acute rotation[36,37].
They also do not differ in their physiological responses such
as gastric tachyarrhythmia during exposure to an optokinetic
drum[35], to viewing a rotating optokinetic drum[36], or when
exposed to coriolis cross-coupling stimulation[37]; i.e. the
unusual stimulation of the semicircular canals induced by
off-axis head-movements (e.g., forward head movements)
during rotation. In one of our experimental studies, we
found a higher baseline (i.e. anticipatory) nausea response
as measured by self-report in women than men[21].
Our results on the endocrine and immunological
responses reveal a gender-specific effect. Gender-specific
effects became evident in a study where healthy male and
female subjects were exposed to repeated nauseogenic
body rotation in a rotation drum[22] on four consecutive
days (with a maximum of five 1-min rotations per day).
The free cortisol level increased after rotation, but these
rotation-induced cortisol increases lowered from d 2 to 4
in females, but not in males. This means, habituation of the
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cortisol response after repeated rotation was restricted to
women, whereas men still showed cortisol reagibility after
repetitive rotation experience. These results are supported
by data in the latent inhibition study: Women showed
lower cortisol increases after rotation than men[21]. There
also is evidence for a gender-specific response pattern in
immune parameters. In the habituation study[22], the in vitro
production of the proinflammatory cytokine production
did not habituate in men, but it did so in women. Moreover,
there was evidence for a higher responsiveness in women
compared to men both for conditioning of anticipatory
nausea and for its modification by both overshadowing
and latent inhibition[21]. A questionnaire study by Fessler
and Arguello[38] is of interest here. In females, self-reported
motion-sickness susceptibility was positively correlated
with the number of conditioned food aversions, whereas
no such correlation appeared in male participants.
To this point we have shown with the rotationinduced motion sickness model that known principles
of conditioning do apply. Specifically, we showed that
conditioning procedures, such as overshadowing and latent
inhibition, can work to ameliorate or block conditioning
of nausea. So it is natural to explore parallels in cancer
patients undergoing chemotherapy.

TESTING THE CONDITIONING MODEL
IN CHEMOTHERAPY PATIENTS
The conditioning model in cancer chemotherapy
There are two ways of testing the conditioning model
in cancer chemotherapy, both of which we have used.
First, by a correlative and quasi-experimental (and thus
descriptive) approach, examining whether the occurrence
of ANV cor responds to the conditioning model
(correlative) and whether ANV differs in a relatively CSfree vs CS-containing environment (quasi-experimental).
Secondly, by using an experimental approach where
patients who were assigned to a conditioning intervention
to prevent ANV are compared with patients receiving a
control treatment.
The correlative and quasi-experimental approach
In terms of classical conditioning, a CR is a direct function
of the intensity of the US (and thus also of the intensity
of the UR), the intensity of the CS[39], and the temporal
contiguity between the CS and US[40]. In the chemotherapy
situation, the emetogenity of the cytotoxic drug constitutes
the US, the duration and intensity of post-treatment
nausea and vomiting (PNV) indicate the duration and
intensity of the UR, and the temporal distance between
CS exposure and infusion onset (US) indicates the CS-US
contiguity[34].
In the first correlative study[41], 55 ambulatory adult
cancer patients [mean age: 50.78 ± (SEM) 2.03 years] with
a mean preexperience of 9.8 ± 0.96 infusions, were asked
to record nine symptoms (nausea, vomiting, dizziness,
sweating, hot flashes, heartburn, headache, weakness,
and heartbeat) after an infusion to assess post treatment
symptoms and prior to a subsequent infusion (to assess
anticipatory symptoms). Each measurement period (post-
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treatment and anticipatory) covered a maximum of 48
h, divided into four 12-h periods of days (6 am to 6 pm)
and nights (6 pm to 6 am). AN was reported by 18.1% of
the patients and, in correspondence with the conditioning
predictions, there was a statistically significant association
between the occurrence of post-treatment nausea (PN)
and AN, and post-treatment vomiting (PV) and AN (i.e.,
occurrence of the UR and the CR), and between AN
and the degree of emetogenity of the drug previously
experienced (US-intensity). Furthermore, the duration of
reported AN increased as temporal proximity to scheduled
infusion onset increased[41].
Similar results[18] were obtained in a study with pediatric
cancer patients (M = 10.1 ± 0.9 years), with a preexperience
of 6.1 ± 0.5 previous cycles of chemotherapy. Patients were
observed over two consecutive cycles of chemotherapy
(cycle A and B), assessing symptoms during 48 h prior
to the onset and 48 h after the end of the infusions. As
predicted, the occurrence of ANV was positively associated
with drug emetogenity, and this was demonstrated in the
more emetogenic cycle A. Duration of AN tended to be
associated with PN and AN increased as infusion onset
time approached.
To assess the development of food aversions, patients
had to rate the hedonic quality (liking) of those food items
that they had consumed prior to the chemotherapy cycle.
These food items were then repeatedly rated on a fivepoint graphically anchored scale (as liking the food very
much, much, neither liking nor disliking, not liking, not
at all) over 96 h surrounding a chemotherapy infusion.
Compared to the initial rating during consumption,
the hedonic quality of the food items decreased in the
anticipatory and the post-treatment interval, especially in
those patients that had developed ANV[34].
Bovbjerg [3] recently reviewed and summarized the
variables that affect ANV in cancer patients. In addition to
the variables that were found in our studies (i.e., intensity
of the US [emetogenity of the chemotherapy protocol]
and intensity of the UR [intensity of post-treatment
nausea]), the following results are in correspondence
with a classical conditioning interpretation of ANV: The
likelihood of ANV increases across repeated treatment
infusions; i.e. with a higher number of conditioning
trials[42] and with the proportion of infusions followed
by nausea (% reinforcement)[43]. Using an experimental
design, a gustatory cue that had been explicitly paired with
chemotherapy infusion caused conditioned nausea as a CR
outside the hospital when patients were reexposed to that
CS[44].
Bovbjerg [3] also reported interesting data showing
that post-treatment nausea is partly influenced by AN;
i.e. the amount of AN developed during earlier cycles
of chemotherapy might add to post-treatment nausea.
He analyzed 40 early stage breast cancer patients who
developed AN in the clinic prior to their treatment infusion
and their subsequent post-treatment nausea after infusion.
A stepwise regression analysis revealed that conditioned
nausea affects the severity of subsequent post-treatment
nausea. Post-treatment nausea was primarily affected by
the nausea response elicited by the infusion preceding
the target infusion, and then secondly by the conditioned
www.wjgnet.com
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nausea response in the clinic prior to the target infusion.
Variables, that turned out to be significantly associated
with ANV in bivariate correlation analyses (i.e., age,
Karnofsky index, life history of nausea) turned out to no
longer contribute in the stepwise regression analysis.
The experimental approach
Based on the assumption that AN develops when a cancer
patient associates the context (CS) with the emetogenic and
nausea-inducing cytotoxic drugs (US), one therapeutic aim
is to restrict the development of the CS-US contingency
and thus prevent the context CS becoming associated with
the drug US.
Using the overshadowing intervention technique
developed above [7], 16 cancer patients (most of them
receiving their first chemotherapy infusion treatment
for malignant systemic diseases; i.e., Non-Hodgkin and
Hodgkin-lymphoma) were assigned to one of two groups
and either received an overshadowing intervention or a
control treatment prior to all infusions of two consecutive
chemotherapy cycles (A and B). The overshadowing
stimuli were beverages that had been pre-tested as being
salient (haw, elderberry; red fruit mix; mixed drink of
bitter lemon, apple, orange juice; woodr uff, guave;
grapefruit; herbal soda; orange sallow-thorn; tropical fruit)
and the overshadowed stimulus was the context. Patients
were instructed to drink 250 mL of a beverage in the
interval from 10 min prior to 10 min after the start of
each infusion; a different beverage was used prior to each
infusion of the two chemotherapy cycles (A, B). Patients
in the control group drank an equal volume of water at the
same time-points. Prior to cycle C, all subjects were given
water. As predicted, AN did not occur in the experimental
group, whereas two of eight patients in the control group
(25%) showed AN in cycle C. The intervention effects were
not restricted to AN. The manipulation tended to attenuate
the adverse UR as well. The overshadowing stimuli led
to a shorter duration post-treatment nausea and a longer
latency between infusion onset and nausea onset. This
gives rise to the following interpretation[7]. The response
to the US may be also influenced by the subjects' response
to the CS, which persists into the measurement phase of
the UR (in our case post-treatment nausea). Consequently,
overshadowing might also lead to a reduction of the UR
(not only the CR). This can be related to the phenomenon
of conditioned diminution of responding to the US[45],
and is also in correspondence with the data by Bovbjerg[3]
who showed that AN is affected by post-treatment nausea.
Consequently, conditioning techniques that reduce AN
should reduce post-treatment nausea as well.
Immunological correlates of food aversion in cancer
chemotherapy and CS-correlated changes in immune
parameters
Although proinflammatory cytokines are regarded as
correlates of CTA [25,26] and of sickness behaviour [23,24],
there were no data correlating cytokine levels and food
aversion. Consequently, these immunological parameters
were measured in our study with pediatric cancer
patients[18]. Prior to one of the observed chemotherapy
cycles (cycle B), blood was sampled in the home (day-2)
www.wjgnet.com
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and hospital (day 0) environment to measure natural killer
cell activity (NKCA) and a number of cytokines (IL-1β,
IL-2, IL-10, interferon [IFN]-γ, TNF-α). NKCA as well as
the IFN-γ level increased from home to hospital, indicating
a CS-related response also in immune parameters.
Based on TNF's relation to food aversion in animal
studies [25], TNF-α level was assessed for a correlation
with anticipatory food aversion and post-treatment loss of
appetite. We found some positive correlation for TNF-α,
measured in the hospital prior to the start of an infusion,
with anticipatory food aversion as well as with posttreatment loss of appetite[34].

PERSPECTIVES
We have shown important effects of classical conditioning
in establishing AN and in preventing (or at least reducing)
it. Male and female subjects differ in susceptibility to both
conditioned and unconditioned nausea, and this merits
physicians' attention to gender in planning chemotherapy
protocols for cancer.
Future studies should further evaluate the conditioning
view of nausea, especially in chemotherapy patients. Here
it is now also interesting and important to address postchemotherapy nausea as well, and find out whether it is
modified by classical conditioning. Consequently, posttreatment nausea should be also treated by conditioning
techniques, as already indicated in our overshadowing
experiment[7]. The potential for alleviating patient distress
when undergoing a series of chemotherapy treatments is
an important goal in itself and is an adjunct to patients
accepting to continue chemotherapy. Cytokines can
be regarded as a useful marker of both conditioning
etiology and the effectiveness of the conditioning-based
interventions, which we have outlined in this paper.
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Abstract
It has since long been known, from everyday experience
as well as from animal and human studies, that
psychological processes-both affective and cognitiveexert an influence on gastrointestinal sensorimotor
function. More specifically, a link between psychological
factors and visceral hypersensitivity has been suggested,
mainly based on research in functional gastrointestinal
disorder patients. However, until recently, the exact
nature of this putative relationship remained unclear,
mainly due to a lack of non-invasive methods to study
the (neurobiological) mechanisms underlying this
relationship in non-sleeping humans. As functional brain
imaging, introduced in visceral sensory neuroscience
some 10 years ago, does provide a method for in vivo study
of brain-gut interactions, insight into the neurobiological
mechanisms underlying visceral sensation in general and
the influence of psychological factors more particularly,
has rapidly grown. In this article, an overview of brain
imaging evidence on gastrointestinal sensation will be
given, with special emphasis on the brain mechanisms
underlying the interaction between affective & cognitive
processes and visceral sensation. First, the reciprocal
neural pathways between the brain and the gut (braingut axis) will be briefly outlined, including brain imaging
evidence in healthy volunteers. Second, functional brain
imaging studies assessing the influence of psychological
factors on brain processing of visceral sensation in
healthy humans will be discussed in more detail.
Finally, brain imaging work investigating differences in
brain responses to visceral distension between healthy
volunteers and functional gastrointestinal disorder
www.wjgnet.com

patients will be highlighted.
© 2007 WJG . All rights reserved.
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INTRODUCTION
It has since long been sug gested that psychological
processes may influence gastrointestinal (GI) sensory and
motor function, both in the medical literature and by lay
persons in everyday life. Most people seem to have at least
some experience with changes in GI sensorimotor function
during "stress" or emotional arousal, which may lead to
abdominal symptoms. This knowledge or experience is
expressed in sayings in many different languages, including
"butterflies in the stomach" in English. In 1833, William
Beaumont observed changes in gastric mucosa during
emotional stress in a patient with a gastric fistula [1]. In
1909, Sir Walter Cannon stated, based on his experiments
in cats, that "gastric and intestinal peristalsis are stopped in
man as they are stopped in the lower animals, by worry and
anxiety and the major affective states"[2] (cited in[3]). These
early observations, although obviously methodologically
flawed by modern standards, provide nevertheless some
indication of a putative influence of psychological factors
(and thus the brain) on the gut.
This body of old preliminary evidence has, however,
been strengthened by more recent and methodologically
stronger human research in both healthy volunteers and
patients with functional gastrointestinal disorders (FGID).
In healthy volunteers, various for ms of
"stress"(including, among others, experimentally induced
anxiety and acoustic stress) have been found to influence
esophageal[4], gastric[5,6] and rectal[7,8] sensorimotor function
and/or symptoms. For example, experimentally induced
anxiety is associated with significantly lower gastric
compliance and accommodation during barostat testing, as
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well as with higher ratings for some epigastric symptoms
during a nutrient drinking test[6]. Moreover, the magnitude
of visceral pain hypersensitivity after distal oesophageal
acidification correlates with pre-study anxiety state
scores[4].
Even more evidence is coming from studies in FGID
patients. As a lot of these patients are characterized
by both visceral hypersensitivity[9-11] and psychologicalaffective and cognitive-abnormalities[12-16], a link between
both can be hypothesized. For example, in functional
dyspepsia, an association between gastric hypersensitivity
and neuroticism, history of abuse and somatization
has been reported [17,18]. Furthermore, anxiety levels at
the moment of barostat investigation are negatively
correlated with gastric discomfort and pain thresholds,
but only in the hypersensitive subgroup of patients,
highlighting the complexity of this relationship in a
heterogeneous disorder[19]. In summary, the exact nature
of a putative (causal?) link between psychological
processes or abnormalities and visceral hypersensitivity
remains incompletely understood. Theoretically, visceral
hypersensitivity could result from sensitization of
peripheral nerves or dorsal horn neurons in the spinal
chord as well as from abnormal cortical processingwhether or not due to psychological processes-of normal
afferent signals[11]. It is conceivable that both mechanisms
could be involved, with their relative importance varying in
different individual patients, although clear direct evidence
for this hypothesis is lacking. In the past, the lack of tools
for studying brain-gut interactions in vivo, caused great
difficulty in answering this question.
Functional brain imaging (FBI), mainly Positron
Emission Tomography (PET) and functional Magnetic
Resonance Imaging (fMRI), has been introduced in
visceral sensory neuroscience roughly 10 years ago. As
FBG does provide a method for in vivo study of brain-gut
interactions, insight into the neurobiological mechanisms
underlying visceral sensation in general and the influence
of psychological factors more particularly, has rapidly
grown. The aim of this article is to provide an overview
of brain imaging evidence on GI sensation, with special
emphasis on the brain mechanisms of the interaction
between cognitive-affective processes and visceral
sensation. First, the reciprocal neural pathways between
the brain and the gut (brain-gut axis) will be briefly
outlined, including evidence from brain imaging studies
in healthy volunteers. Second, FBI studies assessing the
influence of psychological factors on brain processing
of visceral sensation in healthy humans will be discussed
in more detail. Finally, brain imaging work investigating
differences in brain response to GI distension between
healthy volunteers and FGID patients will be highlighted.

THE BRAIN-GUT AXIS
T he brain-gut ax is (BGA ) ca n b e defin ed a s th e
bidirectional "communication system" between the
gut and the brain. It is important to note that not only
neural (autonomic ner vous system, ANS), but also
neuroendocrine (hypothalamo-pituitary-adrenal (HPA)
axis) and neuroimmune pathways are involved. As
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extensive reviews on the BGA have been published
before[13,20,21], we will only give a summary here, mainly
limited to neural pathways.
The evidence presented is based partly on invasive
and/or post mortem studies in animals, but mainly
on in vivo brain imaging studies on somatic (reviewed
in[22]) and visceral sensation and pain (reviewed in[13,23]) in
humans. In brain imaging studies on visceral sensation
and pain, different visceral stimulation methods have been
used (mainly balloon distension of some part of the GI
tract[24-26], but also electrical stimulation[27], acid infusion in
the esophagus[28] and intragastric nutrient infusion[29,30] to
mimic more physiological conditions). Moreover, different
neuroimaging modalities (mainly PET & fMRI) and
analysis methods have been used. Furthermore, different
parts of the GI tract have been stimulated, including the
esophagus[25,31-33], the gastric fundus[24,34] and antrum[35] and
the sigmoid-rectum[26,36,37]. Finally, different intensities of
stimulation have been used (non-painful versus painful).
As a consequence of this heterogeneity, variability of
results is relatively high, which makes it sometimes difficult
to compare different studies. However, in healthy humans,
the cortical "visceral sensory neuromatrix" has been
outlined fairly consistently. Furthermore, a recent highresolution fMRI study has provided support for processing
of visceral sensory information in specific brainstem
regions[38].
There are two important distinct systems transferring
visceral sensory signals from the gut to the brain, the vagal
and the spinal afferent system.
The vagal ("parasympathetic") afferent system
Vagal primary afferent neurons mainly project to the
nucleus of the solitary tract (NTS), from which secondary
projections ascend to the thalamus (mostly through the
parabrachial nucleus) and directly to brain structures
including the hypothalamus, locus coeruleus (LC) [38]amygdala system and periaqueductal gray (PAG)[38], which
are known to be involved in arousal and emotional,
autonomic, neuroendocrine and behavioural responses.
From the thalamus, third order neurons relay sensory
signals from the gut to the cortical "visceral sensory
neuromatrix", which will be described below[13,20,21,23].
The spinal ("sympathetic") afferent system
Primary spinal visceral afferent nerves make synapse in the
dorsal horn of the spinal cord. Secondary neurons project
proximally along the spinal cord through the spinoreticular,
spinomesencephalic, spinohypothalamic and spinothalamic
tracts [13,21,39] . The first three of these tracts generally
activate reflexive/unconscious/automatic responses to
visceral sensory input (arousal, autonomic responses,
prototype emotional and behavioural responses) [13,21,39].
The spinothalamic tract is the most important pathway,
projecting to the cortex, where conscious visceral
sensation arises. It projects to the ventral posterior lateral,
medial dorsal and ventral medial posterior nuclei of the
sensory thalamus, from which tertiary neurons relay GI
sensory signals to the somatosensory cortices (SⅠ/SⅡ),
the cingulate cortex and the insula, respectively[13,21,39]. The
www.wjgnet.com
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prefrontal cortex (PFC) is probably the highest integrative
structure processing (visceral) sensory/pain signals,
which is also crucially involved in selecting and generating
responses to this sensory input[40].
The cerebral cortex: the "visceral sensory/pain
neuromatrix"
The main function of SⅠ/SⅡ ("lateral pain system") is
to encode intensity and localisation of (visceral) stimuli
(sensory-discriminative pain dimension), whereas the
cingulate cortex ("medial pain system") is mainly involved
in the affective-motivational (pain unpleasantness, painrelated anxiety…) and cognitive-evaluative (attention,
anticipation…) dimensions of pain [41-43]. However, the
distinction between and within both systems may be less
clear than thought [43]. Certainly, important interactions
between both systems exist [40]. Moreover, the relative
importance of SⅠ/SⅡ in visceral versus somatic pain
has been a matter of debate, due to conflicting results
regarding this issue[24,34,44-48].
The cingulate cortex is a multifunctional structure
that can be divided into several anatomical and functional
subregions, the most important in this context being[23,49,50]:
(1) anterior cingulate cortex (ACC, sometimes described as
"ventral ACC"), to be further subdivided in: (a) pregenual
ACC (pACC); (b) subgenual ACC (sACC). (2) midcingulate cortex (MCC), to be further subdivided in: (a)
anterior (aMCC, sometimes described as "dorsal ACC", or
"midACC"); (b) posterior (pMCC) parts.
However, different ways of subdividing the cingulate
cor tex have been proposed and used [51,52] , making
comparisons between studies difficult and sometimes
confusing, especially when Brodmann areas and/or
stereotactic coordinates are not mentioned. In this paper,
we have tried to use the cingulate subdivision proposed
by Vogt et al[49,50] as described above consistently, because
it is fir mly grounded in converging evidence from
cytoarchitectonic as well as functional neuroimaging
studies, but we will also quote the name of the cingulate
subregion as mentioned in the original article where
possible. There is, however, large consensus that the
cingulate cortex, through its different subregions, is playing
a role in encoding the affective-motivational dimension
of pain, in generating autonomic, emotional, behavioural
and descending modulatory responses to (visceral)
pain[13,39,43,49,50,53] as well as in anticipation of or attention to
aversive (visceral) stimuli[33,43,49,50,54-56].
The insula has been termed the "interoceptive cortex",
where sensory information, from different modalities,
about the internal state of the organism is processed[47,57].
It is thus not a pain-specific region, although it may be
involved in encoding sensory, but also affective dimensions
of pain[23,43], thus integrating visceral and somatic sensory
input with emotional information[13,23]. Efferent output
from the insula to the amygdala, hypothalamus, PAG and
other brainstem regions is involved in higher order control
of autonomic visceromotor responses[13,23].
The prefrontal cortex (PFC) is a complex cortical
region consisting of several subdivisions. The PFC is
believed to be mainly important in cognitive influences on
www.wjgnet.com
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pain as well as (secondary) pain affect[22,40]. Generally, the
orbitofrontal cortex (OFC) integrates sensory information
from different modalities (including infor mation
from visceral sources [24,48] ) and encodes its affective,
motivational, reward and hedonic valence[58]. The OFC
also controls the choice between and the generation of
autonomic and behavioral response patterns [59]. It has
been shown to be a putative biological substrate of the
interaction between cognition on one hand (including
placebo effect-expectation of relief, attention-distraction,
anticipation) and emotions and (visceral) pain on the other
hand[51,53,60,61]. The dorsolateral prefrontal cortex (DLPFC)
is believed to be a more purely cognitive region, involved
in working memory and complex attention tasks [62] ,
including anticipation of and attention to (visceral)
sensation and pain [31,43] . More specifically, the right
ventrolateral prefrontal cortex (RVLPFC) has been shown
to be involved in higher control of endogenous pain
inhibition (through connections with the PAG), whereas
the dorsomedial prefrontal cortex (DMPFC) has been
implicated in anticipatory and emotional responses to pain
and pain facilitation[37,51,54].
Descending modulatory pathways
Most brain structures receiving visceral sensory/pain
inputs project back to modulate ongoing transmission
of those inputs, mainly at the level of the dorsal horn
of the spinal cord[21,63-65]. The ACC is believed to be the
key cortical region involved in descending modulatory
control, projecting to the amygdala and the PAG, another
key pain modulatory region[38,51,63,64,66]. Thus, cognitive and
affective factors may exert influence on pain transmission
through the ACC[51]. The amygdala and the PAG project
to the noradrenergic locus coeruleus, the serotonergic
raphe nuclei and the rostrolateral ventral medulla, which
in turn send projections to the dorsal horn of the spinal
cord, influencing the synaptic transmission of sensory
infor mation at this level ("gate mechanism") [ 2 1 , 6 3 ] .
Endogenous opioids are cr ucially involved in this
system at all levels, together with other neurotransmitters
including serotonin and noradrenalin[51,63]. Taken together,
this descending modulatory system may be an important
neurobiological substrate of the influence of psychological
factors on pain.
It is interesting to note, that almost all the regions
processing (visceral) sensory information described
above, are also crucially involved in emotional perceptionidentification, generation and regulation[67-69], providing
a neurobiological as well as a conceptual link between
visceral sensation and emotion.

INFLUENCE OF PSYCHOLOGICAL
FACTORS ON BRAIN PROCESSING
OF VISCERAL SENSATION IN
HEALTHY HUMANS
Phillips et al[32] investigated neural responses to non-painful
esophageal stimulation during negative versus neutral
emotional context created by viewing of standardized
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fearful versus neutral facial expressions[70]. Activation in
the bilateral aMCC ("dorsal ACC") and the right anterior
insular cortex were found to be significantly higher in
the negative emotional condition. In a second fMRI
experiment reported in the same article, brain activation
during non-painful esophageal distension was significantly
higher in the left aMCC ("dorsal ACC") and the bilateral
insula when viewing high-intensity versus low-intensity
fearful facial expressions. Moreover, the high-intensity
emotional condition was associated with significantly
higher reports of discomfort and anxiety, compared to the
low-intensity condition.
Gregory et al [33] studied the influence of selective
attention (to the visceral or a visual stimulus) and
divided attention (to both stimuli) on neural correlates
of non-painful esophageal balloon distension. Selective
attention to the esophageal stimulus activated SⅠ/SⅡ
(sensory processing) and aMCC ("mid-ACC") (cognitive
processing), whereas selective attention to the visual
stimulus activated visual cortex. During divided attention,
more brain regions in the (sensory and cognitive) visceral
sensory network were recruited, in comparison to the
visual sensory network. This study provides evidence for
a substantial effect of cognitive factors as attention on
visceral sensation. It also suggests that visceral sensory
information may be preferentially processed in the brain
compared to other sensory modalities.
Yaguez et al[56] looked at the brain responses during
anticipation of painful esophageal stimulation using a
Pavlovian classical aversive conditioning paradigm. Three
differently colored circles acted as conditioned stimuli (CS)
as they were paired with painful esophageal distension, air
puff to the wrist and nothing (unconditioned stimuli, US).
Neural activity was registered (using fMRI) during learning
(pairing of CS with their respective US), anticipation
(pairing CS-US in only 50% of the presentations) and
extinction (CS presented without US). During the learning
phase of the esophageal pain condition, the classical
visceral pain matrix [SⅠ/SⅡ, aMCC ("mid-ACC"), insula]
was activated. However, similar regions were activated
during the anticipation and extinction phase of this
condition, thus without the actual painful esophageal
stimulus being delivered. Innocuous stimulation of the
hand by air puff didn't show this effect. Thus, actual and
anticipated visceral pain, both activate the visceral pain
neuromatrix.
Taken together, these studies provide important direct
evidence for extensive modulation of normal sensory
signals from the gut by psychological-both affective and
cognitive-processes at the level of the brain. Although this
obviously does not necessarily implicate that symptoms
in FGID patients can be entirely attributed to these
processes, the hypothesis that they may play a role in at
least some FGID patients is certainly strengthened by this
work in healthy volunteers.

BRAIN IMAGING STUDIES ON VISCERAL
SENSATION/PAIN IN FGID PATIENTS
Irritable Bowel Syndrome (IBS)
An extensive review of all the brain imaging studies in
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IBS falls beyond the scope of this article. As the older
evidence, which has been reviewed earlier[13,23], is generally
descriptive and methodologically less strong (no control
for potential confounders as affective and cognitive factors,
sex…), only a brief summary of this body of literature will
be presented here. A selection of more recent and novel
studies will be discussed in more detail.
It should be noted that comparing different brain
imaging studies in IBS patients is even more difficult than
in normal controls. Patient heterogeneity is likely to have
an important influence on the results in FGID patients,
especially with respect to psychosocial factors[71]. Besides,
all the potential sources of variability as discussed above
in the section on healthy controls also apply to FGID
patients.
General brain imaging findings in IBS
However, similar brain regions were generally found
to be activated during rectal distension in healthy
volunteers and IBS patients (the visceral sensory/pain
neuromatrix, as described above). However, the level/
extent of activation differs between patients and controls,
mainly in regions involved in processing the affective
and cognitive dimensions of visceral sensation/pain. In
some studies, ACC-aMCC activity during painful rectal
distension was higher in IBS patients, compared to healthy
volunteers[26,36,37,72]. These differences may be explained
by upregulation of visceral afferent input to the brain,
abnormal affective or cognitive responses at the brain
level (increased anticipation, attention (hypervigilance) or
negative affective reaction to the visceral sensory stimulus),
or both. However, in a roughly equal number of studies,
lower or absent ACC-aMCC activity was found during
rectal distension in IBS patients compared to healthy
volunteers[71,73-76]. This can again be interpreted in several
ways, including decreased descending antinociceptive
response through pathways originating at the level of the
ACC, ceiling effects or differential sensitization of the
lateral versus the medial pain system in IBS.
Somatic pain sensitivity in IBS
(Brain) responses to somatic painful stimuli have also
been studied in IBS patients, again leading to somewhat
contradictory results. Normal [77,78], lower [79], as well as
higher[77] somatic pain thresholds, compared to controls,
have been reported. Although visceral pain stimuli are
generally rated as more unpleasant compared to somatic
pain stimuli, Verne et al [72] found equally increased
responses in both sensory and affective regions of the pain
matrix for visceral and somatic pain stimuli in IBS patients
compared to control. These findings were interpreted as
supportive of increased afferent sensory signalling to the
brain in IBS. Chang et al[80], however, found an enhanced
aMCC ("middle ACC") response to visceral stimuli only
in IBS patients, whereas a higher activation in the same
region was found in response to somatic stimuli only in
fibromyalgia (FM) patients. This may be suggestive of
stimulus-specific cognitive enhancement of sensory input,
rather than upregulated afferent signalling to the brain
alone.
www.wjgnet.com
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Discussion of selected brain imaging studies in IBS
Naliboff et al[36] found similar brain responses to actual and
anticipated non-painful rectal distension in IBS patients
and controls using H2O15-PET, providing important direct
evidence for a role of anticipation in the perception of
visceral sensation. Furthermore, a decreased response
in the sACC ("infragenual ACC"), pACC ("perigenual
ACC"), medial and orbital PFC and the PAG was found
in IBS patients (possibly to be interpreted as a difference
in affective response, failure to activate descending
antinociceptive responses or inappropriate regulation
of visceromotor response), whereas the aMCC ("rostral
ACC") (involved in pain unpleasantness as well as cognitive
influences on pain) was found to be more activated in IBS.
In a PET study, Ringel et al[71] reported lower ACCaMCC ("ACC") activity during rectal distension in IBS
patients with a history of abuse, compared to patients
without any abuse history. However, in a more recent
fMRI study[81] by the same group, in a larger patient sample,
abused patients showed higher MCC ("MCC") and posterior
cingulate activation compared to non-abused patients.
ACC ("perigenual ACC") activation, on the contrary, was
lower in abused patients compared to non-abused patients
and controls. Furthermore, pain rating during distension
correlated with MCC activation, thus paralleling the
differences in MCC activation between abused and nonabused patients. Despite the inconsistencies, the results
provide direct evidence for an important influence of
psychosocial factors on brain mechanisms of visceral
sensation.
Kwan et al[82] found that the perceptual responses to
rectal stimuli are time locked to the stimulus period in
healthy subjects but are dissociated from the duration and
intensity of the stimulus in IBS patients. In a subsequent
fMRI study [75], the same authors addressed this issue
further, reporting that "percept-related activations
were more extensive than stimulus-related activations
in control subjects", which they explained by "better
temporal "fit" with the percept compared with the
stimulus pressure curve". Furthermore, low-pressure
rectal distension eliciting a sensation of urge, activated
S1 in IBS patients but not in controls, which could be
interpreted as upregulated afferent input underlying
visceral hypersensitivity (or "visceral allodynia", as
stated by the authors). During high-pressure painful
distension, the medial thalamus and the hippocampus were
activated in IBS patients, but not in controls. The authors
explain these somewhat unexpected findings as altered
affective-motivational processing of pain, although the
hippocampus has rarely been mentioned in this context.
Finally, lack of activation in right anterior insula was
found in IBS patients compared to controls during painful
distension, interpreted by the authors as either a ceiling
effect or a dysfunction in interoceptive processing or
control of visceromotor responses.
Recently, Lawal et al[83] performed an fMRI study in
which they investigated regional brain activation during
subliminal rectal distension, i.e. below the threshold
for conscious perception. The total volume of cerebral
cortex activated was significantly higher in IBS patients
compared to controls. The authors claimed that using
www.wjgnet.com
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subliminal stimuli allowed them to study brain processing
of visceral afferent signals independent from cognitive
modulation, thus providing support for the hypothesis that
visceral hypersensitivity in IBS is due to increased afferent
signalling to the brain rather than altered processing at
the level of the brain. However, this assumption has
been questioned and it has even been suggested that the
study design maximized rather than minimized cognitive
modulation [54]. We believe that it is indeed likely that
cognitive and emotional modulation of visceral afferent
signals, and thus conscious visceral sensation, may always
occur in awake humans[54].
In a recent H2O15-PET-study, Mayer and co-workers[37]
found no differences in insula and aMCC ("dorsal ACC,
dACC" or "caudal ACC") activity between IBS patients,
ulcerative colitis (UC) patients and controls during actual
and anticipated rectal distension, possibly suggesting that
the brain may receive similar visceral input in the three
groups. Interestingly, during anticipated and delivered
rectal distension, UC patients and controls generated
more activation in regions known to be involved in
antinociception (right VLPFC and dorsal pons/PAG)
compared to IBS patients. Activation in an affective
network known to be able to inhibit the PAG (and thus
to exert a pronociceptive influence) [left DMPFC, left
sACC ("infragenual ACC") & bilateral pACC ("rostral
ACC" or "ventral ACC"), left amygdala], on the contrary,
was lower in UC patients and controls compared to the
IBS group. Although somewhat contrary to a previous
study [36] , this result may be sug gestive of a failing
antinociceptive response at the brain level in IBS, driven
by affective factors. Finally, the antinociceptive brain
response triggered by rectal distension in UC patients
and controls was investigated more into detail in this
study. The authors found a positive correlation between
right VLPFC activation and dorsal pons/PAG activation,
which was mediated by negative correlations between right
VLPFC and DMPFC/ACC, which in turn was negatively
correlated with dorsal pons/PAG activation.
The same group from UCLA recently published the
first longitudinal H2O15-PET-study in IBS (Naliboff et al[84]),
in which the change in brain response to repeated anticipated
and delivered rectal distension was studied over a period
of 12 mo. Despite stable IBS-symptom severity and mood,
visceral hypersensitivity to rectal distension gradually
normalized during repeated stimulus exposure. When brain
activation was compared between the first and the second
scanning session, anterior insula and bilateral thalamus
were consistently activated during rectal distension,
which is indicative of similar visceral input to the brain
during both sessions. Hypothalamus and subgenual
ACC ("infragenual ACC, iACC") were also consistently
activated, explained by the authors as the neural substrate
of stable visceromotor and autonomic responses over
time. However, pregenual ACC ("supragenual ACC") and
MCC activity significantly decreased during distension in
the second session, interpreted by the authors as reduced
vigilance and/or arousal triggered by the visceral stimulus.
Connectivity analysis confirmed the covariation of a
pontine/midbrain region (possibly the locus coeruleus)
with the amygdala and the pACC-MCC regions, which
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are part of the hypothesized arousal network in which
activity decreased during the second session. However,
different use of ACC subdivisions (in the text as well
as in the region of interest definitions used in the PET
analyses) makes the comparison between ACC activation
results from this and the previously mentioned study by
the same group[37] somewhat difficult. For example, the
absence of group differences in "dACC" activation was
interpreted as equal visceral afferent input in the three
groups in the first study[37]. However, in the second study,
decrease in activation in areas equivalent to the "dACC"
("supragenual ACC" and "MCC") over time are explained
as reduction in arousal and vigilance[84]. Furthermore, in
the first study, the "rostral" or "ventral" ACC is seen as
part of an affective network involved in pain modulation,
but it is not clear which is the equivalent ACC subregion
in the second study[84], as the subregions are differently
defined. Nevertheless, these studies provide the most
interesting new insights on the relationship between
visceral hypersensitivity and psychological factors including
arousal, attentional phenomena and visceral-specific
anxiety, providing strong evidence for an important role
for these processes in the pathophysiology of IBS.
Using H2O15-PET, Lackner et al recently showed that
cognitive behavioural therapy (CBT) is associated with a
reduction of baseline activity in the right sACC and the
left medial temporal lobe (including the amygdala) of IBS
patients, which was accompanied by improvements in GI
symptoms, anxiety and worry. These brain activity changes
are explained as the biological substrate of reduced
attention to visceral stimuli or visceral-specific anxiety as a
result of CBT in these patients[85].
Finally, another interesting recent fMRI study showed
that the tricyclic antidepressant amitryptiline, which is
believed to be of clinical benefit to at least some IBS
patients[86], reduces pain related cerebral activations in the
pACC and the left posterior parietal cortex compared to
placebo, but only during mental stress[87].
Functional dyspepsia (FD)
In FD, brain imaging evidence is far more sparse compared
to IBS. To our knowledge, only one brain imaging study
in FD has been perfor med, using H 2 O 15 -PET [88,89] .
During painful gastric distension, FD patients who
are hypersensitive to gastric distension showed similar
activation of bilateral sensorimotor cortex (SⅠ/SⅡ)
compared to controls. However, intragastric pressures
and volumes were considerably lower in patients, whereas
pain or discomfort scores were similar, as the stimuli were
delivered at previously determined individual discomfort
thresholds. This may be interpreted as a biological
mechanism underlying visceral hypersensitivity in these
patients, although this doesn't necessarily imply that only
heightened afferent input, and not central cognitive or
affective processes are involved[54,89]. Furthermore, contrary
to controls, no activation of any cingulate subregion was
found in FD patients, which may again be explained in
several ways including failing descending antinociception
and ceiling effects, as described above[89]. Interestingly, no
activation was found during anticipation of an undelivered
stimulus, contrary to previous findings in IBS [36,37,84] .
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Overall, although only subjects that had previously been
shown to be hypersensitive to gastric distension were
included in this study, variability in brain responses was
still high, potentially due to the variability of the patient
samples at the psychological level.

CONCLUSION
Functional brain imaging has provided a valuable
method for studying the neural mechanisms underlying
visceral sensation in awake living humans. Despite some
inconsistencies and methodological difficulties, this
resulted in a substantial increase in the knowledge of these
mechanisms, including the role of psychological factors
and their brain substrates. However, despite growing
evidence for a neurobiological link between psychological
abnormalities and visceral hypersensitivity in FGID
patients, the answer to the question whether abnormal
brain processing of visceral signals in these patients is
primarily due to abnormal afferent input to the brain
or abnormal processing of afferent input in the brain
remains a matter of debate. It is likely, however, given the
ongoing improvement in methodology and study design,
that functional brain imaging will continue to provide
important new information and ultimately the answer to
what is arguably one of the most important questions in
present FGID research.
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Abstract
Irritable bowel syndrome (IBS) and chronic pelvic
pain (CPP) are both somatoform disorders with a high
prevalence within the population in general. The objective
was to compare both entities, to find the differences and
the similarities related to epidemiology and psychosocial
aspects like stressful life events, physical and sexual
abuse, illness behaviour and comorbidity. The technical
literature was reviewed systematically from 1971 to
2006 and compared. According to literature, IBS and
CPP seem to be one rather than two different entities
with the same localisation of pain. Both syndromes also
are similar concerning prevalence, the coexistence of
mental and somatoform disorders, the common history
of sexual and physical abuse in the past and their health
care utilization. It could be shown that there were many
similarities between IBS and CPP. Nevertheless both are
traded as different clinical pictures as far. Therefore it
seems to be reasonable and necessary to generate a
common diagnosis algorithm and to bring gynaecologists
and gastroenterologists into dialogue.
© 2007 WJG Press. All rights reserved.
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INTRODUCTION
Many different functional syndromes have been described
in medicine. It seems that each medical discipline has
at least its own functional syndrome[1]. For example, in
pediatrics, the painful gastrointestinal symptom without
morphological alterations is called recurrent abdominal
pain [2]. For a gastroenterologist, abdominal pain with
altered bowel habit is irritable bowel syndrome; for a
gynaecologist, the same symptom cluster is labelled
"chronic pelvic pain." The question is still unanswered
whether all or some of the different functional syndromes
are a single clinical entity or whether differentiation
into se parate syndromes does make sense and is
necessarily clinically[1]. Patients with the "irritable bowel
syndrome"(IBS) as seen in gastroenterology are difficult
to distinguish from "chronic pelvic pain" (CPP) as seen
in gynaecological practice. It is currently unknown why
some (female) patients with bowel symptoms will consult
a family physician or an internist, while others will visit
their gynaecologist. This raises the question whether IBS
and CPP are two separate disease entities with mutual high
comorbidity[3-8] or whether they are the same syndrome
with different subgroups which utilize the health care
system in specific ways? While each assumption implies
that the symptoms of the patients determine the final
diagnosis and the clinical management, an alternative
interpretation may be that clinical management depends
mainly on the doctors' subspecialty (training, referral, and
reimbursement practice etc.). The variety of syndromes may
thus be artificial and the result of medical specialization.
In this paper we will review the published literature based
on the hypothesis that IBS and CPP represent the same
disorder rather than different entities. It will cover case
definition, epidemiology, and psychosocial aspects of the
disease such as personality, stress, illness behaviour, and
comorbidity.

CASE DEFINITION
The clinical impression that patients with IBS and CPP are
significantly disabled due to their symptoms is typical for
both syndromes. Both syndromes are defined on the basis
of clinical signs rather than manifest diagnostic findings.
This consequently results in broad overlaps between both.
IBS is defined by the following (Rome) criteria [9] :
Abdominal pain, often associated with defecation
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(defecation relieves the pain), and at least two of the
following: altered frequency, consistency, and/or passage
of stools, and/or associated feelings of abdominal
distension or bloating. The symptoms have to be present
for a minimum of three months, and evidence for an
organic underlying cause must be excluded to establish
diagnosis.
The following criteria are frequently used to define
CPP [10,11]: Patients have CPP when pelvic pain lasts at
least six months, symptoms do not correlate with sexual
interference, there is no sign of malignancy, inflammatory
bowel disease or pregnancy, and the occurance of
symptoms is not limited to menstruation.
A comparison of both definitions demonstrates
that there are many similarities and overlaps, and they
do not mutually exclude each other. The categorisation
of a bundle of symptoms into a common class often
results from overlapping definitions. Again, this calls for
an answer to whether these two syndromes should be
distinguished or whether they should be better regarded as
a single disease.

EPIDEMIOLOGY
IBS
Functional bowel disorders of the IBS type are very
common in the g eneral population, but in earlier
epidemiologic studies the estimate of their prevalence is
questionable due to patient selection. Only in recent years
large-scale questionnaire studies from the US and England
allowed a more precise judgement of the prevalence
in the general population as well as in specific patient
groups[12,13] despite the fact that the entry criteria for such
studies have not been standardized until recently: The socalled "Manning criteria"[14] were subsequently redefined as
"Rome criteria"[15]. It was shown recently by North et al[16],
Talley et al[17] (2000) and others[18] that varying the wording
of criteria even an agreed clinical definition will result in
prevalence rates in the same population ranging between
10% and 40%.
Nevertheless, according to new data, the prevalence of
functional bowel disorders in the general population can
be estimated to be in the range of 14% to 21%[4,12,19-23],
with women having between a 2.1 to 3.2 times higher
prevalence than men [24] . A large sur vey by Jones &
Lydeard[12] reported the male/female ratio to be 1:1.38 with
an overall prevalence of 20%. These data are somewhat
at variance with data from Heaton et al[25] according to
which 13% of women but only 5% of men in a British
community were diagnosed IBS. This implies than
significant cultural differences influence prevalence rates.
Some surveys found that even at higher ages IBS is quite
common: IBS symptoms were found in up to 20% of the
people above 80 years[26]. Others state, that IBS is mainly
found in a population of the young and middle aged with
12% prevalence in a population of persons older than
60[27].
A study from Asia sug gests that there may be a
prevalence difference between European and Asiatic
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nations. A randomized survey in Singapore recently
showed a prevalence rate for IBS of only 2.3%[28]. The
estimated prevalence in industrialized countries in the
general population is 10%-15%[29]. For single countries
the prevalence is estimated to be 4.7% in France with a
predominance in women[30], 8.4% in Norway also with
a female predominance [31] and 6.6% in Japan without
a significant gender difference[32] in contrast to Mexico
where prevalence in constipation predominant IBS is 19%
in women vs 4.6% in men[33].
It is important to note that only a minority of people
suffering from functional bowel symptoms will consult
a doctor for their symptoms[26,34,35]. A survey in private
practice showed a consultation rate of only 1%[36] which
is comparable to German data[37]. Another (Spanish) study
lined out that only ¼th (27%) of patients diagnosed with
IBS sought medical help[19].
Talley et al[13] were able to show that an IBS population
is not stable: Of 582 subjects without symptoms at a first
survey, 9% would report symptoms 2 years later, while
38% of initially IBS labelled patients were not fulfilling the
diagnostic criteria any longer at follow-up. A Scandinavian
study reported similar results[38].
CPP
Despite the fact that CPP is quite common among women,
Zondervan et al[11] found CPP to be the most common
diagnosis within primary care units in Britain. However,
reliable epidemiologic data are rare. Earlier studies included
only patients utilizing health care institutions. They imply
that up to 25% of patients in gynaecological practice suffer
from CPP[39,40]. Five to 10% of all laparoscopies and 20%
of all hysterectomies are performed because of chronic
lower abdominal complaints[41].
Mathias et al[42] surveyed a representative sample of
5263 US American women for 3 mo and found an overall
prevalence of 14.7%. This reported prevalence of CPP is
nearly identical to the percentage of IBS women patients
(14.5%) in the US householder survey by Drossman et al[22],
which was similar in size and approach.
Coincidence of CPP and IBS
It is evident from the above cited literature that there must
be at least a significant overlap between CPP and IBS:
Longstreth[43] noted that almost half of the patients who
had undergone laparoscopy because of CPP and 40%
of patients who had had an elective hysterectomy had
symptoms compatible with the diagnosis IBS. Another
study shows that 35% of CPP patients also suffer from
IBS[44]. Most gynaecologists were unaware of the bowel
symptoms so that they could not establish this diagnosis.
Walker et al[45] found 35% of IBS patients to demonstrate
CPP complaints as well; this group, however, showed
a significant higher rate of affective disorder, anxiety,
somatization disorder, sexual abuse in early childhood,
and a history of hysterectomy than patients with IBS
symptoms alone.
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PSYCHOSOCIAL ASPECTS IN IBS AND
CPP
Patients with CPP and IBS have been reported to show
similarities with respect to psychosocial aspects of their
disease; these are discussed with regard to (a) personality
profiles and psychometric characteristics, (b) recent or
acute stressful life events in association with illness onset
or course, more specifically (c) a history of sexual or
physical abuse, and (d) illness behaviour and health care
utilization as well as (e) comorbidity.
Personality and emotions
Standardized psychiatric interviews were used to study
whether IBS patients would show an increased incidence
of emotional disturbance. A psychiatric comorbidity
approaching 20% to 60% was described by Folks [46] .
Creed et al[47] found in a population of patients with severe
IBS with a percentage of 42% depression, panic and
generalized anxiety disorder. Hislop[48] found depression
in 73% and anxiety in 69% of his IBS patients in contrast
to 18% and 22%, respectively, in a control group. Tricas
et al[49] used DSM-Ⅳ criteria and showed that there were
more depressive disorders within the IBS group compared
to organic ill patients, and that there was a longer duration
of gastrointestinal symptoms and a higher level of general
anxiety and hypochondriasis which predicted the diagnosis
of IBS. According to studies using diagnostic criteria, in
up to 72% of IBS patients[50] a psychiatric diagnosis could
be assigned, mainly hysteria, anxiety and depression. A
higher level of anxiety in IBS patients was also reported
by Huerta et al[51]. Young et al[52] classified 72% of 29 IBS
patients as psychiatrically disturbed as compared to 18%
of a control group. Latimer et al[53] found all of his 16
IBS patients to fit into psychiatric diagnostic groups as
compared to 47% of healthy controls. Thompson et al[54]
recognized that IBS patients suffer from elevated fear of
cancer in contrast to organic ill patients.
Besides interviews, standardized psychometric tests
have also been used to answer this question: Wise et al[55]
reported increases on all clinical subscales except paranoia
und phobia of the Hopkins Symptom Check List (SCL90-R). Other authors using the same test[56-59] found IBS
patients to score higher for somatization, depression,
anxiety, and hostility. Depression was also shown to
be elevated in 50 of 100 patients with gastrointestinal
complaints of different origin using the Beck Depression
Inventory; in 64% of depressive patients no organic
intestinal disease could be found [60] , but depression
scores of IBS patients were lower than in psychiatric
patients with a main diagnosis of depression[61]. Various
attempts were made to identify a specific IBS personality
profile. Bergeron & Monto[62] (1985) described 4 subtypes
of personality patterns in IBS patients: inadequate
dependency (28%), somatization of emotions (16%),
reactive depression (16%) as well as anger and denial
(8%). Ali et al[63] discovered that a characteristically feature
for IBS patients is a higher score of self-blame and self
silencing and depression compared to patients with
inflammatory bowel disease.
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Talley et al [64] found IBS patients to be similar
to patients with functional dyspe psia or org anic
gastrointestinal diseases with respect to MMPI test scores
for hypochondriasis, depression, conversion neurosis, ego
strength, and schizophrenia, but all patient groups had
elevated scores as compared to healthy control subjects.
Richter et al[65] showed IBS patients to be similar to patients
with nutcracker oesophagus with respect to most MMPI
scales, but with higher depression and anxiety scores.
When the Eysenck Personality Inventory (EPI) was used,
IBS patients showed higher than normal neuroticism
scores[60,66-68].
Patients with CPP were also found to demonstrate
increased levels of depression, anxiety disorders, borderline
disturbances, and a tendency for somatization[69,70]. They
also showed disturbances in sexuality and relationship to
their partner[71,72], and reported more pregnancy related
complications[70,73]. A decreased sexual drive and a higher
rate of sexual dysfunction in men and women suffering
from IBS symptoms compared with a control (non ulcer
dyspepsia) was described by Fass et al[74].
Lorencatto et al[75] separated patients with endometriosis
in two groups: one suffering from chronic pelvic pain, the
other pain-free. Using the Beck Depression Inventory they
found depression in a percentage of 38% with and without
chronic pelvic pain, respectively. Complaints of depression,
such as somatic concerns, work inhibitions; dissatisfaction
and sadness were observed at a significantly higher rate in
the group with pain. Pevler et al[76] compared patients with
endometriosis to those with CPP without such potential
explanation for their symptoms and found no differences
in affective symptoms and personality characteristics, but
patients with endometriosis reported significant higher
pain scores and were more affected by symptoms in
their daily social life. Hodgkis & Watson[77] also found no
differences in personality profiles and illness behaviour
between patients with lower abdominal pain with and
without endometriosis. One has to keep in mind, however,
that only a fraction of patients with endometriosis will
experience pain [78], which implies that the presence of
an endometriosis alone is not sufficient to explain the
symptoms. Ehlert et al[79] found a high comorbidity rate of
CPP with other somatoform pain disorders.
In summary these data demonstrate that overall IBS
patients show more psychologic or psychiatric disturbances
than normal population. For patients with CPP, this
question has not yet sufficiently been addressed. Most of
these studies have, however, been performed by health care
utilizers within medical institutions; since only a minority
of people suffering from IBS and CPP symptoms will
consult a doctor, this raises the question as to whether the
psychological disturbances do determine the health care
utilization and illness behaviour rather than the abdominal
symptoms.
Stressful life events and symptoms
A significant correlation between stressful life events and
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symptom detoriation was noted in 50 to 85% of IBS
patients very early[80,81]. Chaudhary & Truelove[82] found the
most frequently increased life events of IBS patients to
be concerns regarding profession (in men) and family (in
women). Secondulfo et al[83] reported that more than 50%
of IBS patients describe a stressful job and family disease.
Hill & Blendis[66] reported that specifically professional
concerns bothered IBS patients, but altogether 33% also
reported death of a parent as the event preceding the
symptom onset. Early childhood social deprivation seems
to play a major etiological role since 31% of 333 IBS
patients had lost parents before age 15 through death,
divorce, or separation[84]. Unfortunately, these studies all
lack appropriate control groups.
Mendeloff et al[85] compared self-reported life-events in
102 IBS patients, 227 patients with chronic inflammatory
bowel diseases and in 735 healthy adults. A life-event scale
demonstrated that IBS patients were more exposed to life
stressors than the control groups. Pace et al[86] found that
the severity of recent stressful life events was perceived
to be higher by IBS patients than by patients with an
inflammatory bowel disease. Fava & Pavan [87] repeated
this study using another scale: their 20 IBS patients also
reported more such events than 20 patients with ulcerative
colitis and 20 patients with appendicitis.
Drossman et al[88] found that normal subjects without
IBS symptoms attribute changes in stool frequency to life
stressors: 45% reported abdominal pain in response to
stressful social or personal events. Abdominal responses to
stressful events are, therefore, not specific for IBS patients,
and no direct association between experienced daily-life
stress and symptom severity could be observed when this
was evaluated prospectively[57]. Another study shows that
functional GI disorders were more likely to be reported
by those patients with more negative and total life event
stress[89]. However, IBS patients reported overall more life
events in the three months preceding the investigation,
and were more susceptible to stressors than the control
counterparts[90]. In agreement with a study by Ford et al[91],
life events alone seem not to be specific for functional
bowel disorders, but tend to elicit feelings of anxiety and
helplessness. Stress coping strategies may therefore be of
relevance for distinguishing IBS patients from controls.
At onset of CPP symptoms, stressful life events have
also been reported to be increased, but here specifically the
onset of sexual relationships, marriage or closer personal
bondage, and the first pregnancy have been named [92]
besides more general psychosocial factors [93] . More
elucidating data are, however, missing.
In summary, both patients with CPP as well as with
IBS reported increased incidences of stressful life events
at disease onset. Interpersonal relationship and sexual
conflicts occur predominantly in CPP patient groups
while IBS patients mainly report professional and social
conflicts. It is likely that the presence and severity of these
events as well as the subsequent coping determine how the
patient will perceive the symptoms, whether he/she will
plan to consult a doctor and if so, which doctor and which
subspecialty will be the first choice.
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Physical and sexual abuse
Physical and sexual abuse during childhood or as during
adulthood was recently found to be present in up to 40%
of patients with IBS and with organic bowel disorders.
In these initial studies "sexual abuse" was defined as
involuntary presentation of sexuality during childhood or
sexual acts against one's own will during adulthood[94-96].
Blanchard et al[97] found a rate of 58% within a population
of IBS patients who reported childhood sexual and
physical abuse. When the same instrument was used in the
general population, up to 40% reported such events[96] and
a significant association of symptoms of functional bowel
disorders and abuse history was noted. Talley et al[98] stated
that, regarding to the results of a population based study,
childhood abuse only but not abuse during adulthood is
associated with IBS. Reilly et al[99] and Ali et al[63] found in
two independent controlled studies that in IBS patients
there was a higher rate of sexual and physical abuse
compared with the organic ill control patients. Salmon et
al[100] brought forward the argument that childhood abuse
is linked to IBS because it causes a tendency to dissociate
and because dissociation causes a general increase in
physical symptoms. Comparable data are reported from
European countries, e.g. France[101].
In CPP patients, a similar high incidence of sexual
and violent physical abuse both during childhood and
in later life phases was noted [102-104] . Toomey et al [101]
recorded in 58% of patients with lower abdominal pain
a history of sexual abuse as a child or as adult, Hilden
et al [105] also found a significantly association between
CPP and a histor y of sexual abuse. Walker et al [106]
described an increased prevalence of adult CPP patientsas compared to a group of patients without pelvic painto have experienced childhood or adult-life sexual abuse.
In these cases, increased rates of somatization and
affective disorders were found as well as post-traumatic
stress disorder (PTSD) symptoms. Dobie et al [107] also
found coherences between PTSD and CPP. Women with
those symptoms were significantly more likely to endorse
physical health problems like IBS and CPP. Bodden
Heidrich et al[108] compared patients with CPP and patients
with chronic vulvar pain syndrome, and found that
CPP patients had a significant higher rate of childhood
abuse history as well as a higher rate of depression and
somatization than the controls. According to this, Reed et
al[109] found that women with CPP were younger and less
educated than patients with vulvodynia and were more
likely to have a history of physical and sexual abuse, to
report recent depression and to screen positive for current
depression, to have more work absence and to have more
somatic complaints. Ehlert et al[79] found no difference
between studied CPP patients with and without abdominal
adhesions found during laparoscopy but nevertheless
discovered that in both groups more than 70% fulfilled
criteria of somatoform pain disorder and that both groups
showed a significant higher incidence of sexual trauma
history. Walling et al [110,111] compared 3 patient groups
(patients with CPP, patients without pain symptoms, and
patients with pain symptoms others than pelvic) and found
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specific relationships between sexual abuse and CPP as
well as a general association between a violent abuse and
chronic pain in general. In general, childhood physical
abuse, stressful life events and depression seem to have a
significant impact on the occurrence of chronic pain in
general, whereas, according to Lampe et al[112], childhood
sexual abuse ist correlated with CPP only. However, a few
studies also contradict these findings; e.g. Rapkin et al[113],
who could not find differences in any abuse history in
patients with CPP, patients with pain in other regions, and
patients without pain symptoms.
A careful conclusion may be drawn currently that
an increased rate of childhood sexual and/or physical
abuse can be found in both patient groups. It remains
to be established what the exact pathomechanism for
development of pain following such trauma is; it is
currently speculative whether it represents some kind of
somatic pain memory, similar-or different-to patients with
visceral hyperalgesia due to previous inflammation (postinflammatory IBS)[114].
Illness behaviour and health care utilization
Sandler et al [115] investigated subjects with abdominal
dysfunction which had not consulted a doctor for their
symptoms. They found that the intensity of/grade of
interest in such symptoms is the major factor leading IBS
patients to search for medical help. Greenbaum et al [116]
were the first to show that subjects with symptoms
suggestive of IBS who had not consulted a doctor for
these symptoms, were significantly less psychologically
disturbed than their clinical counterparts. They had,
however, still more psychopathological traits than patients
without any symptoms. Whitehead et al[57] and Drossman
et al [88] in the US and Heaton et al [25] in England noted
further that psychosocial factors as those discussed above
are associated with the patient status rather than with the
disease per se. The main difference between consulters and
non-consulters is symptom severity, more experience with
stressful life events[117], and self-reported psychological
stress [57]. Others showed that there are no significant
differences between consulters and nonconsulters with IBS
in the dimension of abnormal illness behavior[118]. While
some authors noted significant differences between firsttime consulters and chronic health care users[119], others
could not find group differences[120]. Latimer et al[53] finally
reported that psychoneurotic control subjects showed
similar colonic myoelectrical motor pattern irrespective of
pain symptoms and concluded[121] that symptom reports,
nonverbal and observable behaviours, and psychological
responses can be quite independent from each other, and
that clinical IBS patients represent a subgroup of patients
with bowel complaints, who misperceive symptoms arising
from the gut or misinterprete them and cope inadequately,
e.g. by consulting a physician[122]. Psychopathology may
be independent from stool behaviours and abdominal
symptoms, but does co-deter mine who will utilize
the health care system. This is further supported by
the fact that IBS patients more frequently consult
alternative medicine remedies than patients with organic
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gastrointestinal disorders [123-125] , they consult more
frequently gynaecologists [126], and they undergo more
laparoscopic and gynaecologic operations[127,128].
For patients with CPP the study by Mathias et al [42]
implies similar problems as described for IBS. Of
773 patients of a representative sample in the general
population who suffered from symptoms suggestive
of CPP, in 61% of cases the diagnosis was unknown
since they had not consulted a doctor. In less than 10%
an endometriosis had been diagnosed. Only 25% of
the patients had consulted a doctor because of these
symptoms during the last 3 mo. Most of the patients
(86%) used non-prescribed pain relievers, while 23% had
prescription for pain medication, and 12% used prescribed
oral contraceptives. Cheong et al[129] reported that 60% of
women with CPP had not received a specific diagnosis and
up to 20% have not undergone any investigation.
Comorbidity
With respect to comorbidity in IBS and CPP, it has to be
kept in mind that while IBS comorbidity studies can be
qualified and based on an international consensus such
consensus is missing for CPP. The second argument to
remember is that, in contrast to other syndromes that are
usually based on a pathological model of the disease and
well-defined clinical findings, IBS and CPP symptoms are
based on patients' subjective report of pain in the lower
abdomen in the absence of organic explanations for it.
Recent studies in BS[3,4,8,45] have found a high rate of
comorbidity of IBS with other pain syndromes: Sperber
et al[7] found a high comorbidity of IBS and fibromyalgia,
with 31.6 % IBS patients having this additional diagnosis.
Inversely, fibromyalgia patients could be diagnosed as
suffering from IBS in 32 % of cases. Another study
designed by Aaron et al [6] investigated IBS symptom
overlap with chronic fatigue syndrome, fibromyalgia,
and temporomandibular disorders, and found that all
groups a significant higher lifetime prevalence rate for IBS
(92%, 77%, and 64%, respectively) than in the control
group. In addition they found symptoms that occurred
commonly in all three groups, such as generalized pain,
sleep and concentration problems, bowel complaints, and
headache. Whitehead et al[130] reported that fibromyalgia,
chronic fatigue syndrome, temporomandibular joint
disorder and chronic pelvic pain are the best documented
nongastrointestinal nonpsychiatric disorders concerning
IBS patients. According to the study of Cole et al [131],
patients with IBS had a 40% to 80% higher prevalence
of migraine, fibromyalgia and depression. Endicott et al[3]
compared three subgroups of psychiatric patients and found
that those who suffer from chronic fatigue symptoms had
a significant higher lifetime prevalence of IBS, infectious
mononucleose like syndromes, and herpes as well as
allergic diseases.
In a study in a general population Kennedy et al [23]
recognized an independent association between IBS and
chronic bronchitis, and they described a higher coexistence
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of IBS, gastrooesophageal reflux, and bronchial hyperresponsibility than was statistically to expect. This was
underlined by Caballlero et al[19] who described that in a
community based study 55.4% of IBS patients reported
additional symptoms of dyspepsia, and by Hyams et al[8]
who found that among his dyspepsia patients 24% had
IBS. Talley et al [132] found, that in a survey of Sydney
residents, at least 60 % of the general population reported
four or more gastrointestinal symptoms, among which
11.8% fulfilled Rome criteria for definition of IBS.
For CPP, less research results have been reported with
respect to comorbidity. However, the controversy is well
documented in the literature on the role of adhesions
and endometriosis in CPP[133,134]: many patients who have
endometriosis or adhesions suffer from CPP and/or IBS,
but somatic findings alone fail to predict the occurrence
of symptoms and to explain the discrepancy between
pathomorphologic findings and pain intensity. One
example is the association between abdominal symptoms
and dysparaneuria [135]. Another accepted associationaccording to the actual literature-seems to be the
association of CPP with somatoform pain disorders[136].

from this dilemma is that e.g. doctors in private practice
recognise less than half of patients with depression[139-141],
and know in only about 1/5 of cases that patients had
experienced trauma prior to disease.
Therefore, it seems reasonable to conclude that the
highly specialized doctor contributes as much to the
diagnostic entity than does patients symptom history
and health care behavior. If this holds true, the question
why some patients with lower abdominal pain go to their
gynaecologist while others consult a family physician or
internist cannot be attributed to patient characteristics
alone. This and the fact that the diagnosis CPP does not
exist in some countries indicates that the role of the health
care system itself in distributing patients to subspecialties
and attributing final-and different-diagnoses to patients
with similar symptoms has to be re-evaluated. Very little
data exist on the contributing role of medical training,
referral and reimbursement policy, health plans, and other
factors on medical decision making, especially in such large
populations as in patients with IBS and CPP.
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CONCLUSION
It is evident from the above referenced literature that IBS
and CPP are most likely the same rather than different
clinical entities, since similarities outnumber differences
by far. Pain in the lower pelvis or abdomen is a central
criterium for both syndromes. Prevalence data in general
population are very similar for IBS and CPP. Patients of
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Abstract
One fifth of the population report adverse reactions to
food. Reasons for these symptoms are heterogeneous,
varying from food allergy, food intolerance, irritable
bowel syndrome to somatoform or other mental
disorders. Literature reveals a large discrepancy between
truly diagnosed food allergy and reports of food allergy
symptoms by care seekers. In most studies currently
available the characterization of patient groups is
incomplete, because they did not distinguish between
immunologic reactions and other kinds of food reactions.
In analysing these adverse reactions, a thorough
physical and psychological diagnostic approach is
important. In our qualitative review, we present those
diagnostic measures that are evidenced-based as well
as clinically useful, and discuss the various psychological
dimensions of adverse reactions to food. It is important
to acknowledge the complex interplay between body and
mind: Adults and children suffering from food allergy
show impaired quality of life and a higher level of stress
and anxiety. Pavlovian conditioning of adverse reactions
plays an important role in maintaining symptoms. The
role of personality, mood, or anxiety in food reactions is
debatable. Somatoform disorders ought to be identified
early to avoid lengthy and frustrating investigations. A
future task will be to improve diagnostic algorithms, to
describe psychological aspects in clearly characterised
patient subgroups, and to develop strategies for an
optimized management of the various types of adverse
reactions to food.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Adverse reactions to food are commonly expected to elicit
a variety of symptoms, and several studies confirm that
about 20% of the general population report symptoms
related to food[1-4]. Some of these patients are characterized
by an especially strong belief that food allergy is the
underlying cause of their symptoms[1]. However, adverse
reactions to food can have many causes. These include
toxic reactions to food and non-toxic adverse reactions
to food such as true food allergy and food intolerance as
documented for responses to histamine or in patients with
lactase deficiency.
Food allergy is characterized by the failure of the
immune system to develop tolerance, or by the breakdown
of tolerance, to food proteins. The absence of tolerance
to food proteins can become evident primarily as classical
immediate hypersensitivity responses (type Ⅰ reactions)
that are mediated by specific IgE antibodies to food
proteins. Less common are food allergies by delayed type
hypersensitivity responses (type Ⅳ reactions) mediated by
T cells directed against food derived peptides, or by mixed
IgE mediated immediate and late responses together with
T cell-mediated reactions[5].
According to the underlying immunological
mechanism, symptoms of allergic reactions may also
vary depending on the level of sensitization, the food
type and dose, as well as several possible co-factors.
Type Ⅰ reactions to food may present with initial local
reactions to food proteins in the mouth and throat (so
called oral allergy syndrome) resulting in pruritus, burning
and tingling, erythemas, and swelling. Generalization of
type Ⅰ reactions to food proteins can involve several
organs and lead to anaphylaxis. Typical cutaneous reactions
are pruritus, urticaria, and angioedema. Gastrointestinal
type Ⅰ reactions to food include nausea, vomiting, and
diarrhoea. Bronchial reactions are characterized by
asthma and rarely, lung edema. When type Ⅰ reactions
lead to respiratory arrest and vessel dilatation together
with a vascular leakage they may result in cardiovascular
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shock and anaphylactic multiple organ failure [5-8]. Type
Ⅵ or mixed reactions are often less well defined and
characteristic; however, inflammatory responses involving
the intestinal mucosa as in eosinophilic gastroenteritis
and the skin as in atopic dermatitis or fixed food eruption
have been clearly linked to delayed type hypersensitivity
responses to food proteins[9,10].
The underlying cause of food intolerance may be an
enzymatic defect or the effect of vasoactive substances
present in food. The prototypic example of food
intolerance due to an enzymatic defect leading to an
adverse food reaction in the gastrointestinal tract is lactose
intolerance caused by lactase deficiency. Food intolerance
that follows a pharmacological-like elicitation pattern may
be caused by vasoactive amines or other substances present
in foods. In most of these cases, a dose-dependent effect
can be observed such as for histamine in food. In addition,
there is evidence for food induced adverse reactions that
apparently cannot be explained by either one of these
pathways indicating the existence of unknown activation
pathways in food intolerance[11]. In all cases, but especially
in these with undefined activation pathways, provocation
tests with food are an important tool of the diagnostic
measures. Moreover, it is necessar y to collect and
characterize patients with yet undefined food intolerance
in order to identify new entities and better characterize
e.g. psychosomatic food reactions. These psychosomatic
reactions, which are not extensively discussed here, are
assumed to originate from psychological rather than
physiological dysfunction. The largest group represent
somatoform disorders, characterized by various unexplained symptoms and an impaired functioning [11,12].
Modern conceptualizations of somatoform disorders
emphasize their position as "interface" diagnoses between
mental and organic illness. Accordingly, somatization is
no longer understood as a purely mental, but a complex
biopsychosocial event[13].

EPIDEMIOLOGY
Epidemiologic data are only exact when the mechanisms
behind the symptoms are clear. It is often difficult to
distinguish between different forms of adverse reactions
to food because pathways are not clear and psychological
effects intermesh with them. As a result it is a difficult task
to characterize the epidemiology of adverse reactions to
food.
Epidemiologic research indicates that only approximately
one third of perceived food reactions in children and
10% of those in adults are due to abnormal immunologic
reaction to food[1,3,5,14,15]. True food allergy affects 6% to 8%
of young children[16,17] and 1% to 4% in adults[3,18].
In up to 50% of care seekers, adverse reactions to food
manifest primarily with GI symptoms. Therefore, many
afflicted persons consult specialists in gastroenterology.
Often they become classified as "functional" without
defining the real problem [5,19,20]. In several population
studies, 20%-45% of adults believe that they suffer from
adverse reactions to food[1,21-23]. Such perceived adverse
reactions may be caused by different mechanisms, and the
majority of adverse food reactions are non-immunologic

3457

in origin, with lactose intolerance the most common
adverse reaction world-wide[5].
One study noted a high prevalence of irritable bowel
syndrome (IBS) and functional dyspepsia in patients
with adverse reactions to food, indicating a link between
IBS and adverse reactions to food[24]. Nevertheless, the
role of food intolerance and food allergy in functional
bowel disorders remains obscure. Many IBS patients
give a history of food intolerance, but data from dietary
elimination and re-challenge studies are inconclusive[25].
In a study by Jones et al[26] two thirds of a small sample
of 21 patients with IBS showed non-immunologic food
intolerance in double blind food challenge. The authors
concluded that a certain type of food intolerance may play
an important role in the pathogenesis of IBS. This study
also emphasised the burden of psychological distress in
these patients. Conversely, Bentley et al[27] found in their
study that in only three of 19 IBS patients could the
putative food mediated cause of adverse reactions be
confirmed by double-blind food provocation. Importantly,
however, the authors of this study found evidence of
minor psychiatric disorder in 12 patients. In a larger study
conducted with 189 IBS patients, 91 showed symptomatic
improvement of their symptoms after three weeks of
dietary exclusion. Seventy-three of these 91 responders
were able to identify one or more food intolerances.
Upon follow up, most of these responders continued to
show fewer symptoms. In the group of nonresponders to
dietary exclusion only very few were symptomatically well
upon follow up[28]. A systematic review of these three and
another four studies[29-32] found a positive response to an
elimination diet ranging from 15% to 71%. Accordingly
the authors concluded that whether adverse reactions
to foods are a key factor in exacerbating IBS symptoms,
whether dietary manipulation is a valid treatment option,
and what role may be played by psychological factors, is
unclear[33]. Even a recent review stated "no clear role for
hypoallergenic diets in IBS"[5]. Although the studies note a
high prevalence of IBS in patients with adverse reactions
to food, the role of adverse physiologic reactions, such as
lactose intolerance in IBS patients remains unclear[24,34,35].

MEASURES TO DIAGNOSE FOOD
ALLERGY
Studies note a large discrepancy between truly diagnosed
food allergy and reports of food allergy symptoms by care
seekers. Two third of the symptoms reported by children
and up to 90% of those reported by adults did not result
from immunologic reactions[1,3,14,15]. In addition, several
studies demonstrate that the history given by patients
and their doctors concerning adverse reactions to food
and food allergy are not reliable [36]. Beliefs about food
allergy can even lead to severe dietary restrictions[37,38]. It is
therefore important to take the right measures to diagnose
or rule out food allergy prior to beginning a treatment
regime.
The basis for all diagnostic measures is taking a detailed
history of patient's complaints. This includes information
on food tolerance as well as on putative adverse reactions
www.wjgnet.com
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to food. It is also important to complete the history by
exploring the possibility of atopic diseases and possible
other putative allergic or adverse reactions. Details of the
atopic disease history include reactions to aeroallergens
such as birch pollen, pollen by ambrosia species, and house
dust mites. When used with the techniques described
in the following section, these data will help to identify
possible allergic cross reactions to these aeroallergens.
Especially diagnosing type I reactions to food also includes
standardized questions regarding the organ systems that
were affected during the adverse events. Practioners should
inquire about and document symptoms of the oral allergy
syndrome, gastrointestinal or cutaneous involvement,
allergic asthma, and hypotension.

TESTS IN TYPE Ⅰ ALLERGY TO FOOD
Prick tests and intracutaneous skin testing allow allergens
to pass the epidermis and to localize close to dermal mast
cells carrying putative allergen specific IgE antibodies.
Consequently, cross linking of allergen specific IgE on
mast cells can take place and a localized type Ⅰ reaction
with hives (urticae) and erythema is detectable after 15 to
20 min. Sensitivity and specificity of these skin test are
high, and whenever possible, evaluated allergen extracts
should be used. These standardized allergen preparations
are available for more than 50 foods, alternatively food
may also be tested by prick-to-prick tests (food-to-skin).
Total IgE can be detected in the serum of allergy
patients, however, elevated total IgE rarely helps to
establish a diagnosis. When testing indicates very high total
IgE levels, the clinical significance of specific IgE values
should be interpreted with caution. Today, standardized
sets to measure specific IgE of more than 200 food
allergens are available. Relevant selection of allergens
together with measurements of specific IgE to pollen,
latex, and house dust mite allergen are of great help
to identify the relevant food eliciting type Ⅰ responses.
Alternatively, immunoblots or cellular activation tests may
be performed to detect sensitizations especially to rare or
unknown allergens.

TESTS FOR TYPE Ⅳ REACTIONS TO FOOD
ALLERGENS
The relevance of allergic reactions to food allergens in
children that include immediate type Ⅰ IgE dependent
reactions and/or delayed type Ⅳ T cell dependent cellular
reactions is well established. These patients have a history
of atopic dermatitis elicitation following the intake of
certain food. Among other measures, atopy patch tests can
help to establish the diagnosis in these patients. In atopy
patch tests, a delayed type hypersensitivity response to,
for example, pollen extracts, house dust mite extracts, or
food is analyzed 48-72 h after applying extracts or food
on the skin of the back[39]. No data is available for the use
and significance of atopy patch tests for allergic delayed
or mixed type responses at other organs than the skin. A
localized delayed type hypersensitivity response on the skin
is known as "fixed food eruption" and needs intralesional
www.wjgnet.com
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testing [10]. Delayed type hypersensitivity responses to
food allergens were also investigated using peripheral
blood mononuclear cells of atopic dermatitis patients.
Significantly higher proliferative responses of the patients´
T cells were detected. However, the clinical significance of
these findings is not clear. Therefore, this test system is still
reserved for experimental use or for specific indications
analyzed in specialized centers.

CONTROVERSIES IN DIAGNOSTIC
MEASURES TO TEST FOR FOOD ALLERGY
Electroacupuncture, applied kinesiology, and bioresonance
are sometimes used as putative test systems to detect food
allergies or intolerance, frequently in attempt to explain
and correlate symptoms with food intake. However,
several scientific investigations indicate evidence that
these methods are absolutely unreliable and unspecific and
demonstrate that there is no indication for the use of such
techniques[40].
In the search for suitable clinical food hypersensitivity
markers, much attention has been paid to changes in non
IgE immunoglobulines and their subclasses. Although
some data suggests a possible role of IgA, IgG4 or total
IgG, no correlation between the levels of these antibodies
and the outcome of food provocation tests could be
detected[41].
Detecting histamine in the serum or urine has also been
used to diagnose acute anaphylactic reactions and today
the measurement of serum tryptase seems most reliable,
however, it requires a substantial clinical reaction in order
to be positive. Therefore, histamine, histamine metabolites,
and tryptase measurements are of little diagnostic value in
the routine setting.
Other test systems have been explored for patients
with suspected food allergy but have either failed to
demonstrate correlation to the disease or have been shown
to be unreliable. These systems include measurements of
complement levels, immune complexes, serum cytokine
levels, and particularly, measurement of white blood cell
diameters and so called permeability tests. An immediate
decrease of eosinophils in food sensitive children followed
by an increase in serum levels of eosinophil cationic
protein was demonstrated in single studies, however,
further studies are required before use of these parameters
can be recommended.

PROVOCATION TESTS IN PATIENTS WITH
SUSPECTED FOOD ALLERGY
There are several significant arguments that food
provocation tests are central to the diagnosis food allergy:
(1) Only provocation tests allow differentiating in food
allergy and food tolerance in sensitized patients. Especially
atopic patients tend to develop sensitizations against
several pollens, pollen related food antigens, and food
antigens. However, the majority of these patients can
tolerate the food in question. (2) Hypersensitivities to food
may not be detectable by other diagnostic measures. (3) In
some patients, we need to demonstrate that a certain food
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was tolerated to avoid unnecessary dietary measures or
behaviour.
Thus, in many patients, open, single blinded or double
blinded and placebo controlled food provocation tests are
indispensable. Standardized procedures of blinding and
of scoring the symptoms need to be established in order
to deliver reliable and comparable test results. In general,
patients are given increasing doses of the suspected food
hidden in a standard preparation of oatmeal, rice gruel,
or mashed-potatoes. In babies and very young children,
food preparations are often offered in hypo-allergenic
milk formulas. If possible, the type of putative immune
reactions to food should be classified in advance of
the provocation tests in order to adapt the provocation
protocol and read out time. It is important to note that
co-factors such as exercise or the intake of non-steroidal
anti-inflammatory drugs (NSAIDs) like aspirin may be
necessary to elicit food anaphylaxis (type Ⅰ reaction).
These co-factors need to be implemented into provocation
protocols.

PSYCHOSOCIAL IMPLICATIONS OF
ADVERSE REACTIONS TO FOOD
In clinical practice, physicians often show a lack of
awareness of the psychological aspects of perceived
adverse reactions to food and food allergy. It is important
to assess with every patient the interplay between body
and mind, and to explore whether psychological problems
are contributing or determining the symptomatology.
Psychological problems may lead to rather somatoform or
hypochondriac disorders. In such cases any further somatic
diagnostic measures may contribute to the formation of
chronic symptoms. Individuals suffering from adverse
reactions to food are faced with uncertainty and insecurity.
The first symptom often occurs suddenly, and for the
patient, threateningly. The patient's insecurity frequently
persists during the often difficult diagnostical steps, steps
that sometimes fail to result in a final diagnosis. Moreover,
because treatments are limited to prevention of accidental
ingestion and emergency management, once allergic
reactions are truly diagnosed, the food-allergic persons
must live with constant vigilance and fear[42-44].
Physicians are rarely faced with care seekers who show
symptoms that are clearly the result of physical, rather
than psychological factors. However, in most patients
there is interplay between the physical and psychological,
sometimes with one set of factors dominant over the other.
Therefore, it is very important not only to apply laboratory
measurement, but also psychosomatic diagnostic procedures.
In daily care changes in food related symptoms according to
mood, stress or life events should be assessed. It should be
evaluated whether the patient exhibits enhanced depressive
or anxious disposition or other tendencies of somatization.
The approximate psychological burden within the patient
could be easily measured by questionnaires like the patient
health questionnaire[45].

PERSONALITY AND FOOD REACTIONS
More than twenty years ago Pearson et al asked "Food
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allergy: how much in the mind?". The group found a
high incidence of psychiatric disorders (anxiety and
depression) and a high suggestibility in patients whose
belief that they had a food allergy could not be confirmed.
They found that in subjects whose putative organic
food hypersensitivity could not be confirmed, neurotic
symptoms were attributed to allergy. This patient group
was identical in psychiatric symptomatology with a group
of psychiatric out-patient referrals[46,47]. A cross-sectional
study among 490 students with self-reported illness from
food and chemicals showed a correlation between food
intolerance and depression, anxiety, and somatization[48]
(Table 1).
In a small study, 13 of 17 patients with non IgEmediated food intolerance reported major distress or
trauma during childhood, including loss of parents,
violence or major psychiatric illness. Only two patients
had a stable childhood and were currently in a stable
life situation. The authors supposed a multifactorial
etiopathogenesis, balancing between immunologic,
psychobiologic, and psychological factors[49].
These findings could not be confirmed in a community
study of 273 adults who complained of food intolerance.
Rather, this study demonstrated that subjects who were
judged not to be allergic on clinical grounds did not
manifest significant mood disturbance, impaired social
adjustment, or other psychological symptoms. In this
first occasion in which psychological variables were
systematically assessed in a large group of subjects, it
appeared that persons who attributed their symptoms
to food allerg y suffer less from mood disturbance
than those who attributed their symptoms to stress or
gastrointestinal disorder[50]. In another attempt to explore
the psychological characteristics of people with perceived
food intolerance, a community sample of 232 persons
classified as food intolerant found no convincing data of a
greater percentage of psychiatric involvement. The authors
solely could conclude that perceived food intolerance is
associated in women with psychological distress and in
men and woman with slight neurotic symptoms[51].
A study that compared patients with non IgE-mediated
food hypersensitivity with two control groups (health
care workers and volunteers from the general population)
found significantly more subjective health complaints (most
frequent tiredness, abdominal bloating, and headache)
and significantly more worries about toxic interventions
(especially concerning antibiotics, amalgam and additives
in food) in the patient group. The reason for the patients'
food intolerance, however, remained unexplained. The
study authors suspected a sensitization phenomenon
in their subjects in which "nor mal"complaints may
transfor m into intolerable conditions [52] . Cognitiveemotional sensitization involves the central nervous
system in complex neuronal networks. Above a certain
level of activation, these networks lead to more and more
perception of illness. Non IgE-mediated food sensitivity is
supposed to be a sensitization disorder, not necessarily at a
peripheral level, but more often at a brain level. Extensive
activation of these cognitive networks, sometimes triggered
by peripheral mechanisms, might be a crucial mechanism
behind the many subjective health complaints[53,54], since
www.wjgnet.com
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Table 1 Psychological aspects of adverse reactions to food
Author

Subjects

Examinations

Adverse reaction to food Results

Pearson
et al, 1983

8 males, 12 females;
allergy clinic

Hypersensitivity was
confirmed in 4 subjects

Rix et al,
1984

23 patients;
allergy clinic

Psychiatric clinical interview
schedule
Double blind placebo controlled
food-challenge
Psychiatric clinical intervie
schedule
Double blind placebo controlled
food-challenge

Bell et al,
1993
Vatn et al,
1995

490 young college
students
17 patients with food
intolerance
34 healthy referents

No psychological symptoms in subjects hypersensitivity
was confirmed, high incidence of psychiatric disorder
(neurotic depression, hysterical disorders) in subjects whose
belief that they had a food allergy could not be confirmed
Hypersensitivity was
No evidence of psychiatric disorder in subjects
confirmed in 4 subjects
hypersensitivity was confirmed, high incidence of
psychiatric disorder (identical with a group of psychiatric
out patient referrals) in patients whose belief that they
had a food allergy could not be confirmed
Indefinite diagnosis
Correlation between perceived food intolerance and
depression, anxiety, and somatization
Non IgE-mediated food 13 of 17 patients reported major distress or trauma
intolerance
during childhood, including loss of parents and
violence or major psychiatric illness. Psychological
problems are frequent
Intolerance to test foods Subjects that were judged not to be allergic on clinical
grounds did not manifest significant mood disturbance
or impaired social adjustment or other psychological
symptoms
Selfperception of food It is concluded that perceived food intolerance is
intolerance
associated with psychological distress in women, and
neurotic symptoms in both men and women, but there
is no greater prevalence of psychiatric disorder among
women or men

Self-reported illness from several
common foods and chemicals
Prospective placebo-controlled study
General Health Questionnaire
Double blind placebo controlled
food-challenge
Peveler et al, Community study in Blind food challenge test
1996
273 adults
Clinical interview
Several questionnaires
Brief symptom inventory
Knibb et al, Random mailing
General Health Questionnaire-28
1999
recruited 955
(GHQ-28)
participants, of
Eysenck Personality Questionnaire
whom 232 perceived
them-selves to be food
intolerant
Lind et al,
46 patients with food Subjective Health Complaints
Subjective food
2005
hypersensitivity
Inventory and Modern Health
hypersensitivity
50 health car workers Worries Scale
No IgE-mediated allergy
70 volunteers

above a certain level of activation and arousal, normal
physiological signs are interpreted as "symptoms".

LEARNING OF FOOD REACTIONS
Case reports have described multiple and severe allergylike symptoms after the ingestion of peanuts that did
not appear to be volitional and that could not have been
provoked by the ingestion of peanuts. Only after a negative
double-blind, placebo-controlled challenge the patient was
able to consume peanuts without reaction. It has been
proposed that Pavlovian (classical) conditioning may be an
important mechanism in establishing the somatic reaction,
initiated with an idiopathic allergic episode while eating
peanuts[55].
While learning (e.g. Pavlovian conditioning) as the
underlying mechanism of food aversions has not been
experimentally proven in subjects with food intolerances,
the learning of taste and food aversions has been shown
to follow Pavlovian principles in other clinical cases:
Conditioned taste aversion has been shown to occur with
chemotherapy-induced nausea both in children [56] and
adults[57], and is named "anticipatory nausea and vomiting"
(ANV). The time-locked (contingent) presentation of
the cytotoxic drug (unconditioned stimulus, US) with
environmental cues in the hospital (conditions stimuli, CS)
that result in ANV when these CS are presented alone, e.g.
prior to injection for the second course of chemotherapy.
Frequently, these CS are food stimuli ingested in the
morning prior to hospitalization, and result in severe food
avoidance and aversions afterwards[58]. The principles of
www.wjgnet.com

Subjects with subjective food hypersensitivity reported
more subjective health complaints and more worries
An association between subjective food hypersensitivity
and subjective health complaints was supposed

Pavlovian conditioning in case of ANV have been shown
to be effective[59], and they can also be used to prevent
ANV to occur[60,61]. However, the incidence of ANV has
significantly been reduced - though not eliminated - with
modern antiemetic medication[62].
But also without chemotherapy, humans may develop
taste aversions in everyday life[63], e.g. when food ingestion
is associated with the occurrence especially of digestive
complaints (diarrhoea, bloating, crampy pain, nausea)
that may not be provoked by the nutrients but may have
occurred accidentally. On average, individuals may develop
up to 10 aversions in their lifetime, and they may last many
years[64]. Another specific sign of taste and food aversions
is that they may occur after a single pairing of food with
"neutral" stimuli (CS), a phenomenon that has been
called "single-trial learning" and that is well characterized
in animal experiments; this learning is thought to be
specifically resistant to elimination (extinction)[65].
Conditioned taste or food aversions could be the
underlying mechanism in subjects with lactose intolerance
due to the lack of the enzyme lactase. These subjects
are frequently unaware of their inability to digest lactose
containing products, but avoid milk and other diary
products because of their "disliking" of it.

IMPACT OF FOOD REACTIONS ON
QUALITY OF LIFE
Subjective food hypersensitivity gives rise to negative
consequences for daily life. A total of 300 subjects with
perceived food intolerance were interviewed by Knibb
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Table 2 Food allergy and quality of life
Author

Subjects

Examinations

Results

Primeau
et al, 2000

153 peanut allergic children
and 37 adults compared to
69 children and 42 adults
with rheumatologic disease;
furthermore their families
253 children and
adolescents with food
allergy

Impact on Family Questionnaire (IFQ)

Marklund
et al, 2004

20 children with peanut allergy
and 20 children with insulindependent diabetes mellitus
1451 adolescents, thereof 19%
"reactive" to food

Self-designed questionnaire
Vespid Allergy Quality of life Questionnaire
Cameras to record quality of life
Health Survey Short Form (SF-36)

Lyons
et al ,2004

162 young adults, of which 24
“reported" food allergy

Bollinger
et al, 2006

87 families of food allergic
children

Questionnaire, registering awareness and
perceptions of food allergy, self-rated health
State-Trait Anxiety Scale
Perceived Health Competence Scale
Food allergy impact scale

Peanut allergic children have more disruption in their
daily activities, more impairment in the familial-social
dimension of the IFQ
Adults with rheumatological disease reported more
disruption in their family relations
Worse scores for general health perception, parental
distress and worries, and limitations in usual family
activities compared to healthy controls. Family cohesion
was greater in the food allergic group
Children with food allergy report more fear of an adverse
event, more anxiety about eating, more restriction due to
the illness
Lower scores in seven of the eight scales (role functioningphysical, bodily pain, general health, vitality, social
functioning, role functioning-emotional, mental health)
Allergic subjects with high health competence reported
great anxiety levels. They perceived that their allergy
had less of an impact on their lives than others believed it
would
All aspects of daily life are affected with most striking
effects on family meal preparation and activities outside
home

Sicherer
et al, 2001

Avery
et al, 2003

Children's health questionnaire (CHQ-PF50)
Allergy-related questionnaire

et al[51].They reported that patients took significantly more
time off from work per year than did healthy controls. In
17% of the study group, physical activity and daily routine,
such as participating in sports and travelling, were affected.
A large questionnaire-based study among 1451 adolescents
indicated that 19% of the participants reported that they
perceived an adverse reaction to food, but their condition
was not doctor-diagnosed. When compared to adolescents
without such conditions, this kind of allergy-like condition,
regardless of the underlying mechanisms, was associated
with lower scores in seven of the eight scales in the Health
survey short form (SF-36)[66]. Only the scale for "physical
functioning" was not different between persons reactive
to food and persons non-reactive to food. Unfortunately,
the study did not distinguish between different forms of
adverse reactions to food. Lind et al[52] found that patients
with subjective food hypersensitivity have also more
musculoskeletal and pseudoneurologic complaints.
Until the end of the last millennium no adequate
studies with high evidence levels have been carried out
about the psychological burden of truly diagnosed food
allergy. The first well-designed study was published by
Primeau et al [67] in 2000(Table 2). The group studied a
sample of 301 patients and evaluated the quality of life
and family relations of children and adults with peanut
allergy, compared to that of children and adults with
rheumatological disease. It was shown that the parents of
allergic children believed that their children had difficulties
in many areas. Their children had more impairment,
especially in daily activities and in their familial social
interactions, compared to children with a rheumatological
disease. In contrast to the children in the study, adults with
peanut allergy had comparable disruption in their quality
of life but less disruption in family relations than adult
rheumatological patients. In examining the various results,
the authors emphasised the burden on parents of food-

allergic children of being responsible in a potentially lifethreatening incident.
Similar data show that the quality of life of peanutallergic children seems to be more impaired than the
quality of life experienced by children with insulindependent diabetes mellitus. In a population of 40 children
with peanut allergy or diabetes, the children suffering
from food allergy reported more fear of an adverse event,
more anxiety about eating, and more restriction due to
the illness. Both groups evidenced difficulties concerning
food management and food restrictions. Peanut-allergic
children, however, felt safe when carrying epinephrine
kits[68]. It appears that an appropriate level of anxiety may
be constructive in families coping with anaphylaxis in a
child[67-69].
Parents of children with food allerg y and adults
with food allergy are offered the only reliable therapy,
specifically, restriction or complete elimination of the
responsible food allergen and emergency management
of type Ⅰ reactions, in case food allergen is accidentally
ingested[18,70]. In particular, individuals with type Ⅰ food
allergy and their families must live with constant vigilance
and fear, and they have to be concerned about potential
exposures to relevant food allergens in a variety of settings,
including restaurants, work and school environments,
picnics and parties, and during travel. Anticipatory
guidance measures such as reading food ingredient labels,
concern for cross-contamination, exposure to relevant
food allergens in a variety of social activities, are extremely
important[71].
Against this background, Sicherer et al[72] conducted a
study on the impact of childhood food allergy on quality
of life among 253 patients ranging in age from 5 to 18
years. Scores in the food-allergic cohort were significantly
lower for general health perception, parental distress and
worry, and interruptions and limitations in usual family
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activities, than in healthy controls. Scales were also lower
in subjects with multiple food-allergies. Interestingly, the
family cohesion scale was significantly greater in the foodallergic group. These findings have been affirmed recently
in a sample of 87 families. Almost all aspects of daily life
are affected, with most striking effects on family meal
preparation and activities outside home[73]. Both studies
found no significant effect on comorbid conditions such
as asthma and atopic dermatitis.
There is only one recent similar study carried out in
adults with food allergy. The study assessed young adults
leaving home, and therefore taking full responsibility for
their food intake. The authors examined a sample of
162 participants, of which 24 reported they were allergic
to food, but in whom physicians had not confirmed the
diagnosis. The study participants perceived that their
allergy had significantly less of an impact on their lives
than others believed it would. The subjects with allergy
and with high health competence reported great anxiety
levels[74].

DISCUSSION AND CONCLUSION
Twenty to forty-five percent of the general population
report adverse reactions to food, often attributed to food
allergy[1-4]. Literature reveals that the psychological burden
concerning food allergy and adverse reactions to food is
difficult to assess. The interplay between body and mind is
often difficult to evaluate[8,71-73].
Many patients suffering from adverse reactions to food
are not conclusively diagnosed even following placebocontrolled food challenge[5,15]. It remains uncertain whether
this results from insufficient laboratory diagnostics or
if such patients suffer from "psychological problems"
like somatoform or hypochondriac disorders or adverse
reactions that are not identifiable by diagnostic methods
currently available. Studies tried to find psychological
characteristics in patients with adverse reaction to
food. Unfortunately, in most studies currently available,
the characterization of patient groups is incomplete.
The studies frequently did not distinguish between
immunologic rea ctio n s a n d o th er kin ds o f fo o d
intolerance. Pearson and Rix [46,47] hypothesized that
patients with non-confirmed food allergy had a higher
incidence of psychiatric disorders, a conclusion that was
confirmed in part by Bell [48]. Whether perceived food
intolerance or depression/psychiatric disorder was the
reason for the clinical picture, however, was not clear.
Moreover, the first study that systematically assessed
psychological symptoms in a large community study found
no significant mood disturbance in persons with food
allergy or food intolerance, and so could not confirm
the former findings[50]. Perhaps these disparate findings
can be rationalized by the theory of cognitive-emotional
sensitization. After long-term activation of complex
neuronal networks, normal complaints lead to a greater
perception of illness[52-54]. One could postulate a higher
vulnerability of neural networks in psychiatric disorders
and other situations of chronic stress, such as adverse
childhood. A sensitization phenomenon is also discussed
with respect to the irritable bowel syndrome. In studies
www.wjgnet.com
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carried out with the aim to investigate allergic reactions to
food, researchers often do not consider IBS.
Kelsay remarked that patients could be "more
accurate about food allergies by flipping a coin than
relying on symptoms" [8]. Literature reveals that many
patients with diverse reactions to food do not see a
doctor. Instead they make their diagnosis themselves.
The misinterpretation of symptoms as allergies leads to
restricted diets and malnutrition, and in case of childhood
food allergy, even to failure to thrive[37,38]. Furthermore
such misinterpretation leads to more worries and lower
quality of life[66]. The interpretation of symptoms should
be reserved to a physician to avoid uselessly restricting
diets and malnourishment. Lyons et al[74] found that about
70% of young adults do not know what anaphylaxis
means. Mandell et al[69] reported that sufficient information
and concrete sug gestions about avoidance and risk
management help the patient and his family to develop
good coping mechanisms. Allergic patients felt reassured
by knowing other people had the same problems as
them [68] . These facts underline the impor tance of
information.
Literature reveals a lack of well-designed studies
describing the psychological burden of food allergy.
Studies are scarce and are often carried out in a mixture of
diagnoses, reflecting the difficult field of adverse reactions
to food. Many of the studies that have been undertaken
are limited because they rely only on questionnaires, and
do not include examining the subject individually. The aim
in further investigations should be to distinguish real food
allergy from other kinds of adverse reactions to food, for
example, food intolerance, irritable bowel syndrome, and
somatoform or other mental disorders.
There are only a few studies carried out with typeⅠfoodallergic patients, and they are predominantly in paediatric
patients. It seems, however, that there is increased interest
in this area because most of the studies date from the last
five years. It seems that children with food allergy suffer
in a variety of areas related to quality of life. Surprisingly,
they suffer more than children with other chronic diseases
like rheumatologic disease or insulin-dependent diabetes
mellitus[67,68]. This seems to be influenced by the real fear
factor of possible anaphylaxis, implications on lifestyle,
and by psychosocial activities and well-being. Patients, for
example, have to trust labels on commercial food products
and at restaurants. Treatments are limited to prevention
of accidental ingestion and emergency management[42-44].
Yet, conditions in our society are such that accidental
exposure to critical food allergens is common [75]. This
becomes even more difficult considering, according to
some investigations, that food allergy is the most common
identifiable cause of anaphylaxis with fatal ending [7,76].
These facts represent a source of tremendous anxiety
and stress for the patient and his family. In addition to
the conclusion of Primeau[67] and Avery[68] that the high
level of stress in families with a peanut allergic child
may have beneficial effects on coping strategies, Mandell
et al[69] reported that an appropriate level of anxiety might
be constructive. A high level of anxiety motivated patients
and parents to get information and concrete suggestion
about avoidance and risk management. In most cases,
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the high level of anxiety subsided and a high level of
vigilance prevailed. In some cases, the authors found an
extremely intense level of anxiety, which they described
as maladaptive. Avery also attributed the low quality of
life in allergic children to anxiety that can lead to mental
health problems. One should be aware that anxiety might
be unhelpful if the restrictions in lifestyle are unrealistic
and unfounded. Deprivation due to restrictions in lifestyle
can lead to social anxiety[73]. It could be hypothesised that
patients with food allergy and similar maladaptive anxiety
levels are likely to develop a comorbid anxiety disorder.
In the available studies, anxiety often has been scored, but
newer, reliable data regarding whether patients suffer from
comorbid mental disorders (especially panic disorders with
and without agoraphobia) according to ICD-10 or DSMⅣ criteria, fail. Older data showed an association between
panic disorder and type-Ⅰ allergic reaction[77].
An extreme example of stress in patients with food
allergy is anaphylaxis with nearly fatal ending. It is likely
that post-traumatic stress disorder (PTSD) could be
triggered by experiencing or witnessing such incidents[8].
PTSD is described in patients or family members with
asthma[78]. Analogical studies in this area concerning food
allergy are non-existent.
Many patients with adverse reactions to food show
restricted diets. It could be speculated that these behaviours
may lead to eating disorders. Pearson and Rix reported
patients with total caloric intake less than 400 KCal a
day, who existed on little more than boiled potatoes[46].
Case reports indicate an association[79,80] that should be
systematically studied.
There are no studies carried out in adults with food
allergy analyzing the impact on quality of life, especially
concer ning social aspects and par tnership. Often
disconcerting topics may be important and worth being
studied. Intimacy and sexuality are constrained when a foodallergic person must continuously assess if there is a risk
of transposition of critical allergens. Anecdotal evidence
in a few cases indicates that kissing can induce food-allergy
symptoms[81,82]. A survey among 1139 patients with self
reported food hypersensitivity was carried out by Erikkson
et al[83]. They found that 12% of the patients experienced
allergic symptoms when being in close contact with a person
who had eaten non-tolerated food prior to the contact.
Fortunately, investigations in this field have become
more frequent in the last years, especially in children
and their family. With respect to future study, emphasis
should be laid on the psychological aspects of adults
suffering from food allergy and their families, especially
their partners. Studies should also focus on longterm consequences of food allergy and how childhood
or adolescent food allerg y influences psychological
development and emotional wellbeing in adulthood. The
relationship between mental disorders like posttraumatic
stress disorder, anxiety disorders - especially the panic
syndrome, and eating disorders should be probed[44].
Patients with adverse reactions to food demand not
only an in-depth hunt for an allergen, but also prudent
handling of psychological aspects attending somatic
symptoms. The physician has to be aware that other
comorbid mental disorders could present the need for
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professional treatment. To diagnose exactly means to
examine the patient entirely - body and mind. Only where
this occurs patients can receive the therapy they need,
including strategies from avoidance and risk management
of anaphylaxis to psychotherapy.
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Abstract
AIM: To explore the expression and clinicopathological
s i g n i f i c a n c e o f c y c l o o x y g e n a s e - 2 ( C O X- 2 ) a n d
microvessel density (MVD) in gastric carcinogenesis,
and to investigate their roles in the invasion and the
relationship between biological behaviors and prognosis
of gastric cancer.
METHODS: Using Envision immunohistochemistry,
COX-2 and CD34 expressions in gastric cancer tissue
array were examined. MVD was counted and the
relationship between the biological behaviors and
prognosis was analyzed.
RESULTS: The expression of COX-2 in gastric cancer
tissue was significantly higher than that in normal
2
mucosa (χ = 12.191, P < 0.05). The over-expression
of COX-2 in gastric cancer was obviously related to
2
metastasis and depth of invasion (χ = 6.315, P < 0.05),
but not related to the histological type and Borrmann
2
2
type (χ = 5.391 and χ = 2.228, respectively). Moreover,
MVD in gastric cancer tissues was significantly higher
than that in the normal mucosa (65.49 ± 20.64 vs 36.21
± 18.47, t/F = 7.53, P < 0. 05). MVD was related to
the histologic type and metastasis (t/F = 3.68 and t/F
= 4.214, respectively, P < 0. 05), but not related to the
depth of invasion and Borrmann type (t/F = 0.583 and
t/F = 0.459, respectively). MVD in COX-2-positive tissues
was markedly higher compared to COX-2-negative
tissues, indicating a positive correlation between COX-2
expression and MVD (t = 13.12, P < 0. 05).
CONCLUSION: Tissue microarray (TMA) is a powerful
tool for rapid identification of the molecular alterations
in gastric cancer. COX-2 expression, via inducing
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angiogenesis, may play an important role in gastric
carcinogenesis. It could be served as a determinant
factor for clinical prognosis and curative effect.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignant
gastrointestinal tumors, the incidence and mortality of
gastric cancer show an upward tendency. The unlimited
growth of the tumor cell and the metastasis are the
important trait of the tumor, are the main cause of cancerrelated death induced by the failure of treatment of gastric
cancer. Growth and metastasis of tumor cell are regulated
by many factors [1]. The tissue array/tissue microarrays
(TMA) is a new technique, with numerous advantages
including, decreased assay volume, amplification of
resource information, high laboratory efficiency, flexible
design, experimental uniformity [2,3] . Many researches
have suggested the TMA is very useful in the oncologypathologic research and clinical-pathologic research.
Cyclooxygenase-2 (COX-2) is the central enzyme in
the biosynthetic pathway to prostaglandins (PGs) from
arachidonic acid (AA). Studies from different laboratories
suggested that over-expression of COX-2 was detected
in colon tumors and other tumors[4-8]. Non-steroid antiinflammatory drugs (NSAIDs) are the COX-2 inhibitors
which have been used as a chemical preventive agent in the
animal models of colonic tumors[9,10]. It is well known that
tumor growth and angiogenesis are inter-dependent. In this
study, using Envision immunohistochemistry and TMA,
we aimed to explore the expression and clinicopathological
significance of COX-2 and angiogenesis in the gastric
carcinogenesis, and further to investigate their roles in the
cancer invasion and the relationship between biological
behaviors and prognosis of gastric cancer.
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MATERIALS AND METHODS
Materials
One hundred and four gastric cancer specimens and 79
normal gastric tissues (resected concurrently 5 cm from
the tumor tissues) surgically resected in the First Affiliated
Hospital of China Medical University from December
2003 to May 2004 were used. 100 mL/L for malinfixed and paraffin-embedded tissues were subjected to
routine sectioning of 4 µm thickness and HE staining for
specific locations. Undiluted rabbit anti-human COX-2
monoclonal antibody and undiluted rat anti-human CD34
monoclonal antibody were purchased from Maixin Bio,
China. UltraSensitiveTM PV9000 kit was purchased from
Zhongshan Biological Inc., Beijing, China. Tissue arrayer
and punches in size 1 mm diameter were from Beecher
Instruments, USA.
Tissue microarray preparation
The needed spots were chosen under microscopy from
each case and marked on the corresponding spot on the
tissue block. The needed spots included the typical tumor,
intestinal metaplasia, dysplasia and normal tissue. Then
cyclinderic tissue columns (1 mm diameter, 4 mm height)
were punctured with tissue arrayer in the marked area
and transferred to corresponding receiver pore of the
prepared block. The two tissue array blocks, which had
225 specimens, were then completed according to the
predetermined scheme. The blocks were heated at 42℃
for 3 min, and then were routinely sectioned at 4- µ m
thickness.
Immunohistochemical staining
Gastric cancer tissue arrays were subjected to Envision
immunohistochemical staining. Rabbit anti-human
COX-2 monoclonal antibody was used to detect COX-2
protein expression. About 200 cells were counted in
two representative high-power fields to calculate COX-2
positive rate as follows: positive rate < 5% = negative (-);
5%-25% = weakly positive (+); 25%-50% = moderately
positive (++); and > 50% = strongly positive (+++).
The microvessel density (MVD) was deter mined by
immunostaining for CD34 which was expressed in the
cytoplasm and membrane of endothelial cells. Any more
than three brown-stained endothelial cells or endothelial
cell cluster that was clearly separate from adjacent
microvessels, tumor cells, and other connective tissue
elements was considered a single, countable microvessel.
The vessels with area more than the diameter of 8 red cells,
and the vessels with thick tunica media were not considered
microvessel[11,12]. The areas of highest neovascularization
were identified as regions of invasive carcinoma with
the highest numbers of discrete microvessels stained for
CD34. Each count was expressed as the highest number
of microvessels identified at a magnification of × 400. At
least two fields were analyzed for each tumor. All counts
were performed by two investigators simultaneously and
independently. The primary antibody was replaced by PBS
for negative control.
Statistical analysis
Data were analyzed by Chi-square test. P < 0.05 was
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Figure 1 Scanning image of tissue array. A: HE Staining; B: COX-2 immunohistochemical staining.
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Figure 2 Scanning image of tissue array. A: HE, × 100; B: COX-2 immunohistochemical staining, × 100.

considered statistically significant. All analyses were
performed with the SPSS statistical software (Ver. 12.0).

RESULTS
Quality of tissue array
The gastric precancerous lesions and gastric cancer tissue
array had good morphology. The HE-stained tissue arrays
were highly representative of their donor tissues. Some
gastric cancer tissue samples fell off or became invalid
during the immunohistochemical process, and the other
samples displayed intense signals with clear background
(Figures 1 and 2).
Expression of COX-2 in the gastric cancer and normal
mucosa
Eighty-seven g astric cancer samples and 37 distal
normal mucosa samples were valid for the immunohistochemical staining of COX-2 antibody-stained
array. Immunohistochemical tissue array demonstrated
that COX-2 protein was located in the cytoplasm and
nuclear membrane, mostly in the cancerous tissue (Figure
3). COX-2 expression was obviously higher in gastric
cancer tissues compared to the normal mucosa (P <
0.05). The over-expression of COX-2 in gastric cancer
www.wjgnet.com
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Figure 3 COX-2 expression in gastric cancer. A: Positive COX-2 expression
in the well-differentiated adenocarcinoma (Envision, × 200); B: Positive COX-2
expression in the moderately-differentiated adenocarcinoma (Envision, × 200); C:
Negative COX-2 expression in the normal gastric mucosa (Envision, × 200).

was significantly related to metastasis and the depth of
invasion (P < 0.05), but not related to the histological type
and Borrmann type (Table 1).
MVD in the gastric cancer and normal mucosa
Ninety-two gastric cancer samples and 38 distal normal
mucosa samples were valid for the immunohistochemical
staining of anti-CD34 antibody-stained array. Immunohistochemical tissue array demonstrated that brownstained CD34 protein expression was located in the
microvessels (Figure 4). MVD in gastric cancer tissues
(65.49 ± 20.64, ranged from 16 to 100, median 65.5) was
significantly higher than that in the normal mucosa (36.21
± 18.47, P < 0.05). MVD was obviously related to the
histological type and metastasis (P < 0. 05), but not to the
depth of invasion and Borrmann type. Moreover, MVD
was obviously higher in the poorly-differentiated gastric
cancer tissues compared to the well-differentiated gastric
cancer tissues (P < 0.05) (Table 2).
Relation between COX-2 expression and MVD in the
gastric cancer
MVD in the COX-2-positive tissues was markedly higher
than that in the COX-2-negative tissue, indicating an
obvious positive correlation between COX-2 expression
and MVD (P < 0. 05) (Table 3).

DISCUSSION
The tissue array/tissue microarray (TMA) is a technique
which is to re-locate a large numbers of tissues in the
predicted order on a slide. It is a high-throughput analysis
tool of multi-sample. It gets over the lag manner of the
conventional pathological technique, decreases the time
and money consumption, and promotes the laboratory
rate to enable 'genome-scale' molecule pathology studies.
It also facilitates the analysis of molecular alteration in
thousands of tissue specimens in a massively parallel
fashion, avoids the result errors of different experiment
conditions. It can analyze a specific gene at DNA, RNA,
protein and antibody levels with conventional pathologic
technique, histochemistry and immuno-histochemistry[13-15].
Moch et al[16] screened 89 genes with differential expression
between the renal cancer cell line and normal kidney tissue
by cDNA array analysis, one of them coded for vimentin,
www.wjgnet.com
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Figure 4 CD34 expression in the gastric tissue. Immunostaining of CD34 in the
cytoplasm and membrane of endothelial cells (Envision, × 200).

a cytoplasmic inter mediate filament. Then a renal
cancer tissue array containing 532 renal cell carcinoma
specimens was used to determine vimentin expression by
immunohistochemistry. The over-expression of vimentin
was seen in the most renal cancer, and it was significantly
associated with poor prognosis of patients. Gene
chip can screen the genes with differential expression
between the cancer and normal tissue, and tissue array
can investigate prevalence or prognostic significance of
the genes' molecular changes. Taken together, they can
facilitate the translation of findings from basic research
into clinical applications. Schraml et al[17] made a tissue
array containing 397 tumor specimens from 17 different
tumor types, amplification of three extensively studied
oncogenes (CCND1, CMYC, and ERBB2) was analyzed
in three fluorescence in situ hybridization experiments
from consecutive sections cut from the tissue array.
Amplification of CCND1 was found in the breast, lung,
head and neck, and bladder cancer, as well as in melanoma.
CMYC was amplified in the breast, colon, kidney, lung,
ovary, bladder, head and neck, and endometrial cancer.
ERBB2 was amplified in the bladder, breast, colon,
stomach, testis, and lung cancer. These results confirm
and even extend existing data in the literature on such
amplifications. And this study revealed, for the first time,
an ERBB2 amplification in an embryonal carcinoma of the
testis. In the tumor research, tissue array is ideally suitable
for genomics-based diagnostic and drug target discovery
by revealing the cellular localization, prevalence and clinical
significance of candidate cancer genes. We constitute a
tissue array consisting of 225 samples from 104 gastric
cancer and normal gastric mucosa, to detect the expression
of COX-2 and CD34.
Cyclooxygenase (COX) is one of the rate-limiting
enzymes in metabolism of arachidonic acid that catalyzes
the arachidonic acid into a series of products, such as
prostaglandins and other eicosanoids. It has two isoforms
in human, constitutive COX-1 and inducible COX-2.
COX-2 maps to 1q25.2-q25.3, contains 11 exons and 10
introns, is 8.3 kb in size[9,10]. COX-1 is now known to be
present in most tissues as the housekeeper enzyme, to
maintain the normal physiological function. It maintains
normal gastric mucosa and influences kidney function.
COX-2 is considered "the immediate early gene", it is
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Table 1 Expression of COX-2 protein in the gastric cancer and normal mucosa
COX-2 expression
Variable
Tissue character
Normal mucosa
Gastric cancer
Histologic type
Papillary adenocarcinoma
Well-differentiated adenocarcinoma
Moderately-differentiated adenocarcinoma
Poorly-differentiated adenocarcinoma
Mucin adenocarcinoma
Signet-ring cell carcinoma
Undifferentiated carcinoma
Metastasis
Negative
Positive
Depth of invasion
Muscle invasion
Subserosa invasion
Serosa exposure invasion
Borrman type
Borrman Ⅱ
Borrman Ⅲ
Borrman Ⅳ

n

-

COX-2-positive

+ - +++

2

rate (%)

37
87

15
11

22
76

59.46
87.36

2
8
28
29
12
5
2

0
2
4
2
0
1
1

2
6
24
27
12
4
1

100.00
75.00
85.71
91.10
100.00
80.00
50.00

21
66

6
5

15
61

71.43
92.42

3
68
23

0
20
2

3
48
21

10.00
70.59
91.30

7
85
4

0
9
1

7
76
3

100.00
89.41
75.00

χ

P

12.191

0.000

5.391

0.495

5.502

0.019

6.315

0.043

2.228

0.328

Table 2 MVD in the gastric cancer and normal mucosa (mean ± SD)
Variable
Tissue character
Normal mucosa
Gastric cancer
Histologic type
Papillary adenocarcinoma
Well-differentiated adenocarcinoma
Moderately-differentiated adenocarcinoma
Poor-differentiated adenocarcinoma
Mucin adenocarcinom
Signet-ring cell carcinoma
Undifferentiated carcinoma
Histologic type
Moderately or well-differentiated
Poorly or undifferentiated
Metastasis
Negative
Positive
Organ metastasis
Lymph nodes metastasis
Liver metastasis
Ovary metastasis
Peritoneal metastasis
Depth of invasion
Muscle invasion
Subserosa invasion
Serosa exposure invasion
Borrman type
Borrman Ⅱ
Borrman Ⅲ
Borrman Ⅳ

n

MVD

38
92

36.21 ± 18.47
65.49 ± 20.64

2
9
28
31
14
5
3

39.50 ± 7.78
42.56 ± 20.35
56.79 ± 20.97
72.65 ± 20.49
63.64 ± 23.02
74.40 ± 33.56
44.67 ± 20.23

39
53

54.68 ± 19.78
73.88 ± 17.25

26
66

54.08 ± 24.42
65.08 ± 22.63

66
4
1
9

65.08 ± 22.63
82.00 ± 10.61
100
68.44 ± 26.16

4
63
24

68.00 ± 19.13
60.33 ± 24.28
65.96 ± 22.68

7
79
6

55.71 ± 17.17
62.92 ± 23.89
61.97 ± 23.55

composed when the cell is stimulated and it takes part in
many pathophysiologic processes, such as carcinogenesis
and inflammation[18]. The regulation of COX-2 expression
is mainly on the level of transcription, in the other words,
the signal transduction pathway leading to COX-2 protein

t/F

P

7.53

0.000

3.68

0.003

4.83

0.000

4.214

0.043

1.14

0.355

0.583

0.627

0.459

0.634

expression is initiated when the cell is stimulated. It has
been documented that COX-2 plays an important role
in the development of human tumors [19,20] . The high
expression of COX-2 is the early process of carcinogensis
in general[21]. Many researches verified the relation between
www.wjgnet.com
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Table 3 Correlation between COX-2 protein expression and
MVD in gastric cancer
Degree of staining
COX-2-negative
COX-2-positive

+ - +++

MVD
25.82 ± 7.76
68.59 ± 19.8

t

P

13.12

0.000

COX-2 and the gross type, pathologic type, TNM stage
and lymph-node metastasis. Murata et al[22] reported that
COX-2 over-expression in gastric cancer was significantly
correlated with tumor invasion into the lymphatic vessels
in the gastric wall and metastasis to the lymph nodes, but
not correlated with histopathological grading, surface size,
and venous vessel invasion of the tumors. Fosslien et al[23]
reviewed that the COX-2 produced by a malignant tumor
and COX-2 produced by the surrounding host tissue both
contribute to new vessel formation, which explains how
selective COX-2 inhibition reduces tumor growth where
the tumor COX-2 gene has been silenced by methylation.
COX-2 could induce tumor angiogenesis by the overexpression of prostaglandin (PG) in the tumor tissue,
it is perhaps the basement of the growth, invasion and
metastasis of tumor. Ohno et al[24] detected the expression
of COX-1 and COX-2 concomitantly in 33 surgical
specimens (including carcinomas and corresponding noncancerous mucosa) by RT-PCR and immunohistochemistry
and HE. The COX-2 index in gastric carcinoma was
significantly higher than in normal mucosa (3.4 ± 0.7 vs
2.2 ± 0.7; P < 0.05). In addition, COX-2 indices were
significantly higher in gastric carcinoma tissues with deep
invasion (P < 0.05). Immunohistochemistry demonstrated
COX-2 protein located diffusely in the cytoplasm of tumor
cells, but not in surrounding stroma or in non-cancerous
mucosa. Lim et al[25] measured COX-2 expression in 104
human gastric carcinoma tissues by immunohistochemical
analysis and Western blot analysis, demonstrating that
COX-2 protein was over-expressed in the gastric cancer
tissues as compared to the nor mal gastric mucosa.
Similarly, we found that the expression of COX-2 in the
gastric cancer tissue was obviously higher than that in
normal mucosa. The over-expression of COX-2 in gastric
cancer was related to the metastasis and depth of invasion,
but not to the histological type and Borrmann type.
MVD is a reliable index of tumor angiogenesis. The
tumor growth and metastasis is dependent upon the new
blood vessel formation. Tumor angiogenesis is associated
with the production of highly permeable and poorlyformed vasculature, thereby facilitates the metastasis of
tumor cells via the bloodstream [26-28]. So, the detection
of gastric cancer MVD can reflect the degree of blood
vessel, the growth and metastasis capability of gastric
cancer in some extent. Our study showed that MVD in
gastric cancer tissues (65.49 ± 20.64) was significantly
higher than that in the normal mucosa (36.21 ± 18.47).
Moreover, MVD was related to the histological type and
metastasis, but not to the depth of invasion and Borrmann
type and the organ of metastasis. MVD in the COX-2positive tissues was markedly higher than that in the COX2-negative tissues, thereby suggesting a positive correlation
www.wjgnet.com
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between COX-2 expression and MVD.
In conclusion, our study demonstrates that COX-2
protein expression may play an important role in the
angiogenesis of gastric cancer, it has an obvious relation
with the proliferation of gastric cancer cells and the lymph
node metastasis. It could be served as a determinant factor
for clinical prognosis and curative effect.

COMMENTS
Background

The tissue array/tissue microarray (TMA) is a technique which is to re-locate a
large numbers of tissues in the predicted order on a slide. It is a high-throughput
analysis tool of multi-sample. We constituted a tissue array consisting of 225
samples from 104 gastric cancers and normal gastric mucosa, to detect the
expression of COX-2 and CD34. Tissue array can help us complete the time- and
people-consuming work.

Research frontiers

Tissue array is ideally suitable for genomics-based diagnostic and drug target
discovery by revealing the cellular localization, prevalence and clinical significance
of candidate cancer genes. In this study, we detected two hot molecules
expressions by using the tissue microarray which allows rapid visualization of
molecular targets at a time in the same level.

Innovations and breakthroughs

The expressions of these molecules were detected by using tissue micoarray.
In this study, we explored the expression and clinicopathological significance of
COX-2 and MVD in gastric carcinogenesis, investigated their roles in the invasion
and the relationship between biological behaviors and prognosis of gastric cancer.

Applications

Tissue array can facilitate rapid translation of molecular discoveries to clinical
applications used. So we can speculate that the tissue microarray technology,
which is fast, convenient and economic, may have potential dominant position in
macro-scale detection of tissue specimens in cancer studies. Moreover, COX-2
protein expression may play an important role in the angiogenesis of gastric
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In 1998, Kononen et al developed tissue array whereby an ordered array of tissue
samples are placed on a single slide. Once constructed, it can be probed with a
molecular target (DNA, RNA or protein) for analysis by immunohistochemistry,
fluorescence in situ hybridization (FISH) or other molecular detection methods,
enabling a high-throughput in situ analysis of specific molecular targets in
hundreds or even thousands of tissue specimens.
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significant higher expression of COX-2 in gastric cancer tissue than that in normal
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Abstract
AIM: To investigate a specific association between
hepatic steatosis and hepatitis C virus (HCV) core.
METHODS: HeLa cells and primary mouse hepatocytes
were transfected with HCV core plasmid, and conditional
transgenics in which hepatic over-expression of HCV
core is regulated by the tetracycline-off system, were
developed. The expression of the HCV core was
assessed over one to six months after withdrawal of
doxycycline (dox) by immunohistochemistry (IHC)
and Western blotting and by sequential liver biopsy.
Hepatic steatosis was evaluated using oil red stain.
8-hydroxydeoxyguanosine (8-OHdG) stains and caspase
levels were conducted to clarify hepatic oxidative
stress and apoptosis rate. Serum aminotransferase was
checked.
RESULTS: The transfected hepatocytes had globular
cores under the lipid vesicles. In transgenic mice on
control diet, core expression was robust, localized to the
cytoplasmic vesicle membrane and strongly associated
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with microvesicular steatosis, which was gradually
replaced by macrovesicular steatosis. However, both
steatosis and core positive hepatocytes diminished
with time. Increases in aminotransferase, caspase and
8-OHdG were associated with peak core expression.
CONCLUSION: The core protein was readily detected
and morphologically associated with steatosis in
individual hepatocytes both in vitro and in vivo . In vivo ,
oxidative stress caused by the core potentially reduced
the number of core positive hepatocytes and in parallel
the level of steatosis. To our knowledge, this is the first
animal model that directly shows topological relationship
between HCV core and hepatic lipid vesicles.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Infection with the hepatitis C virus (HCV) causes chronic
hepatic fibrosis, cirrhosis and hepatocellular carcinoma[1].
While the cellular pathogenesis of these events are
incompletely understood, chronic inflammation is believed
to play a central role that involves the presence of T
cell subsets with specific reactivity toward HCV gene
products[2]. An HCV-infected liver, however, exhibits not
only inflammation but also steatosis. Also, diabetes is
considerably more commonly associated with this disease
than other forms of chronic hepatitis[3]. The "metabolic"
changes associated with HCV, notably fatty liver and
diabetes, are less well understood.
HCV core protein, a structural protein that modulates
cellular processes, was shown to be the predictor of
human steatosis[4]. Many in vitro studies also documented
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its association with cellular lipid droplet [5,6], its unique
sequence motifs required for lipid droplet association
and protein stability[7] and the intramembrane proteolysis
promotes trafficking of it to lipid droplets[8].
Transgenic mice that express HCV-cores exhibit certain
features of the human infection, such as steatosis [9,10],
insulin resistance[11] and ultimately cancer [12]. However,
a problem associated with the published transgenics is
the level of HCV-core expression, which is detectable by
either RT-PCR or Western blotting[9-12]. Staining for core
protein in liver sections is rarely strong enough to observe
its association with cellular lipid directly. Furthermore,
these transgenics are conventional, with expression of
core protein during the latter part of gestation as well as
following birth. As models, they differ from human HCV
infection in that in humans, virtually all HCV is acquired
postnatally, and most is acquired in adulthood. The fetus
appears to be protected. The virus does not cross the
placenta, and perinatal infection is rare [13]. These facts
raise the question of whether the presentation of HCVcore in the developing liver has unique metabolic effects
or underlies the low level of viral protein expression in the
transgenic mice reported to date.
Although core expression has been documented
both in vitro and in vivo, a definite topological relationship
between the HCV core protein and the intrahepatic cellular
lipid vesicles has never been established in vivo. Mice that
over-express the HCV core protein were developed to
address this question. The transgene can be suppressed
until the animal is weaned and fully developed. When the
mouse is placed on standard chow, the core protein appears
over the subsequent one to five months. This model more
closely replicates the timing of typical hepatitis C infection
in humans than constitutive transgenics. Core expression
is robust, allowing its subcellular localization to be studied.
The results provide morphological evidence of the direct
effect of the HCV core on hepatic lipid vesicle formation.

MATERIALS AND METHODS
Transgenic mice
Mice, in which the expression of the hepatitis C core
gene was suppressible by tetracycline, were raised. The
details will be described elsewhere. Briefly, the HCV core
gene sequence was isolated by RT-PCR from the plasma
of a patient with chronic hepatitis C, genotype 1b. It was
cloned into the PUGH16-3 vector, which contains the
tetracycline response element (TRE) [14]. Fertilized ova
from FVB/N mice were injected with the construct, and
several founder mice were obtained. These were crossed
with a second transgenic line that is homozygous for the
tetracycline transactivator (tTA) under control of the liver
activator protein (LAP) promoter which is hepatocytespecific[15]. The LAP-tTA mice were generously provided
by JM Bishop and Rong Wang (University of California,
San Francisco). Unless otherwise indicated, mating pairs
were maintained on doxycycline (dox)-containing chow, to
suppress the HCV-core during development and through
weaning. At approximately one month of age, dox was
withdrawn.
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Cell culture and transfection
HeLa cells that express tTA (Clontech) and primary
hepatocytes isolated from LAP-tTA mice were used for
transfection of both PUGH16-3-core and PUGH16-3
plasmids. Primary hepatocytes were prepared by perfusion
of the liver with collagenase, as described elsewhere[16]
with a perfusion rate of 5 mL/min. Transfection was
carried out with Lipofectin 2000 (Invitrogen) following the
vendor's protocol. HeLa cells or hepatocytes were plated
at a density of 5 000 000 and 2 500 000 respectively, on
glass coverslips in 6-well plates. The cells were transfected
with plasmids, with or without the addition of doxycycline
to the culture medium. At 48 h after transfection, the cells
were harvested to extract protein, or fixed for IHC studies.
HCV core protein expression
A wedge biopsy of the liver, kidney, spleen, intestine and
thymus (ca. 100 mg) were taken from the mouse under
enflurane anesthesia. The remainder underwent histological
examination. Serial liver biopsy was performed every two
months in the transgencis. For Western blotting, cultured
cells or mouse liver was extracted. After electrophoresis,
the protein was transferred to a PVDF membrane (Biorad),
and incubated with a 1:250 dilution of monoclonal
mouse anti-HCV core antibody (Anogen). After washing,
the membrane was incubated with secondary antibody
(Biorad) and developed with an ECL kit (Amersham). A
Fluor-S multiImager and Quality One Software were used
to quantify core staining according to the manufacturer's
protocol (Bio-Rad).
Liver biopsies or cells in culture were fixed in
freshly prepared 4% paraformaldehyde (PFA) for IHC
examination. The cells were permeabilized with 0.1%
Triton-100; incubated with HCV core antibody; washed,
and then incubated with fluoresceinated secondary
antibody (Caltag).
Tr a n s f e c t e d c u l t u r e d c e l l s we r e e x a m i n e d by
immunoelectron microscopy. The cells were fixed in 4%
PFA and the pellets were dehydrated in methanol and
embedded using Lowicryl K 4 M (Chemische). The grids
were incubated with monoclonal mouse HCV core antibody
(Affinity Bioreagents); and incubated with goat anti-mouse
IgG labeled with 10 nm gold particles (Biocell).
Hepatic inflammation evaluation
The histology of hepatic inflammation was evaluated
by standard hematoxylin and eosin staining according
to he patic activity index score. Ser um aspar tate
aminotransferase (AST) and alanine aminotransferase
(ALT) levels were measured using a Vitros DT60 Ⅱ
Chemistry System (Johnson-Johnson).
Hepatic apoptosis evaluation
Caspase-9 was measured with a colorimetric assay
(Promega) for the frozen liver homogenates according to
the vendor's protocol.
Oxidative stress evaluation
S e c t i o n s f i xe d i n P FA w e r e d o u b l y s t a i n e d f o r
8-hydroxydeoxyguanosine (8-OHdG) and HCV core to
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evaluate the oxidative stress. After staining for HCV core
protein, the samples were incubated with monoclonal
mouse 8-OHdG Ab (Oxis Corp.). The positive rates
were defined as the number of 8-OHdG (+) hepatocytes
divided by total number of hepatocytes within the same
field in 3 randomly selected fields.
Fat stain
Fat vesicles were identified by oil-red-O stain in the frozen
liver section using the commercial kit (Biogenex Lab)
according to the manufacturer's protocol.

RESULTS
Conditional expression of HCV core protein in cell culture
The extracts were prepared from transfected HeLa cells
for Western blot of HCV core protein. As displayed in
Figure 1A (lane 1), a prominent band of 21 kDa was
observed (arrows); it was undetectable in cells exposed to
doxycycline (lane 2). IHC (Figure 2A) revealed that HCV
core protein was located exclusively in the cytoplasm,
but its apparent level varied from cell to cell within the
same culture. Also, two patterns were noted: condensed
perinuclear (Figure 2A) and disseminated granular/
particulate (Figure 2B). Different results were obtained
when primary hepatocytes were used in place of HeLa
cells. When hepatocytes were transfected in primary
culture with the HCV core construct in the absence
of doxycycline, both granular and globular (arrows)
fluorescence was seen (Figure 2C). Immunoelectronic
microscopy verified that globular staining is caused by the
association of the HCV core with the membranes of the
lipid vesicles (Figure 2E, arrows).
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Figure 1 Western blotting for protein extracted from transfected HeLa cells and
representative transgenic mice liver. A: two months old mice; B: the faint 21-KDcore band (line 4) in six months old mice. Lanes 1 and 2: proteins from transfected
HeLa cells without and with the administration of doxycycline which served as
positive and negative controls. Lanes 3 and 4: proteins from the transgenic
mice fed with and without doxycycline chow, respectively; C: The quantitative
comparison of the blotting. Black bar, female 2 mo old DTM liver protein
(1.26 ± 0.08); white bar: female 6 mo old DTM liver protein (0.34 ± 0.05),
P = 0.002 between black and white bars (mean ± SD, n = 3).

Figure 2 A and B: Immunofluorescent stain for transfected HeLa cells and
primary hepatocytes (C) (× 60). Two cytoplasmic distribution patterns of the core
protein in HeLa cells were obtained-condensed perinuclear (A) and disseminated
granular (B) patterns. The core protein was present exclusively in the cytoplasm of
hepatocytes and some of it exhibited the vesicular pattern (C, × 60, arrows). Under
the electron microscope (D and E, × 100), the vesicular structures were found
to be lipid vesicles and the core protein was located just underneath the surface
of the vesicles (E, arrows), whereas the cells transfected with empty plasmid
(PUGH16-3) showed no core associated with the lipid vesicles (D).

Conditional expression of HCV core protein in vivo
Doubly transgenic mice (DTM) (LAP-tTA × HCV core)
were raised as described; some were removed from doxcontaining chow at weaning (one month old). One month
later (two months old), a liver biopsy was taken. A portion
was processed for Western blot (Figure 1, lane 3-4) and
another was microscopically studied. IHC caused the HCV
core to be readily detected and showed that it was entirely
cytoplasmic (Figure 3A and B). In the liver from mice on
chow without doxycyline, the proportions of core-positive
hepatocytes were around 50%-60%; the distribution of
positive cells within the lobules appeared to be random.
The staining pattern was both granular and globular
(Figure 3B, ar rows), as in the primar y transfected
hepatocytes. No definite core expression could be detected
in other tissues by either IHC or western blottings (data
not shown).
Decrease in HCV-core expression over time in vivo
Figure 1 (lanes 3 and 4) presents a Western blot of liver
extracts from a set of DTM with (lane 3) and without dox
chow (lane 4) that were biopsied once at 1 mo (2 mo old)
(Figure 1A) after withdrawal of doxycycline and again at
5 mo (6 mo old) (Figure 1B). The Western blot provides
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Table 1 Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels of three female mice for the
LAP-tTA transgenics and DTM, respectively

→

2 mo
ALT

AST

C

LAP-tTA (n = 3)
51.0 ± 12.2 54.0 ± 12.1
LAP-tTA-HCV core (n = 3) 211.6 ± 25.1 62.3 ± 2.0
P value
0.01
0.3
LAP-tTA (n = 3)
63.6 ± 7.0 67.3 ± 8.3
LAP-tTA-HCV core (n = 3) 116.3 ± 12.2 80.0 ± 1.0
P value
0.03
0.06

A

Figure 3 Immunostaining of the female 2 mo old DTM liver (without Dox). A:
The core positive hepatocytes are grouped near a central vein (× 20); B: The
characteristic globular core expression is shown clearly (arrow, × 60); C: The sexage matched DTM on Dox chow mouse liver served as negative control.

a semiquantitative estimate of the core expression and
indicates that it fell over this interval. The quantitative
comparison for the blotting of three female two months
old DTM without dox chow (Figure 1C, black bar) and
three six months old DTM without dox chow (Figure 1C,
white bar) mice liver proteins also showed compatible
data (Figure 1C). The core was histologically detectable
in all liver samples, but the number of positive cells
declined gradually (Figure 4C, E and G). In mice with
a negative Western blot, in the second biopsy, an acinar
unit contained, on average only one or two positive cells
(data not shown). These findings suggest that the reason
for decreased HCV-core expression is not inactivation
of the transgene but rather loss of the core-expressing
hepatocytes.
Hepatic inflammation evaluation
The HE stain did not indicate any significant hepatic
inflammation. The aminotransferase levels of the DTM
exceeded those of LAP-tTA transgenics at an age of two
months; however, the difference diminished gradually with
time (Table 1).
Apoptosis evaluation
In serial liver biopsies taken over a period of several
months and analyzed for caspase-9, the activity was
elevated significantly in the DTM in the first two months
but the difference between the DTM and LAP-tTA
transgenics declined with time (Figure 5).
Decreasing hepatic steatosis with time in transgenics
In two months old DTM, the hepatic steatosis pattern
evolved from prominent, microvesicular (Figure 4C and D)
to low-level macrovesicular in two months (Figure 4E and
F). Steatosis also declined gradually and finally disappeared
(Figure 4H), in parallel with the drop in the number of

Age
3 mo

4 mo
51.3 ± 2.8
53.3 ± 2.0
0.38
64.6 ± 15.0
81.3 ± 6.6
0.15

B

× 40

× 40
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× 40

× 40

E

F

× 40

× 40

G

H

× 40

× 40

Figure 4 Immunostaining for core protein in core-expressing mice (DTM) livers
fixed in 4% PFA (A, C, E and G) and the corresponding oil-red-O stain for fat in
the livers of the frozen section (B, D, F and H). The livers were from the mice
on doxycycline (A and B) and those not on doxycycline (C and D) at an age of
2 mo, 4 mo (E and F) and 6 mo (G and H). The core expression parallels the
degree of hepatic steatosis. Both peaked at the age of 2 mo (C and D) when the
hepatic steatosis was microvesicular (D), and diminished gradually (E and H).
Macrovesicular hepatic steatosis (E and F) replaced microvesicluar steatosis
during evolution.

core positive hepatocytes (Figure 4C, E and G)
Oxidative stress evaluation
The DTM liver contained significantly more 8-OHdG
positive hepatocytes (65% hepatocytes showed positive
www.wjgnet.com
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Figure 5 Caspase-9 activity after release of DTM from dox suppression.
Caspase-9 activity is significantly increased in DTM mice at 4 and 8 wk after
release from dox suppression (mean ± SE).

8-OHdG nuclear stain under 20 × 20 power field) than
the LAP-tTA control transgenics (No hepatocytes showed
positive 8-OHdG nuclear stain under 20 × 20 power field).
Most of the 8-OHdG positive hepatocytes also expressed
core protein (Figure 6B, arrows).

DISCUSSION
The in vitro data obtained indicate that HCV-core is entirely
cytoplasmic. The disseminated granular and condensed
perinuclear core suggests that the ER, the Golgi apparatus
and the mitochondria are possible subcellular locations
of core protein in transiently transfected HeLa cells.
In fact, all of the above organelles have been reported
to be the locations of core storage, with ER being the
most abundant one [17,18]. Although some early studies
reported nuclear staining, depending on the size of
the core protein[19], the current consensus from studies
of cell culture and human tissue is that the core is
cytoplasmic[20]. In addition to granular core expression, the
primary transiently transfected hepatocytes exhibited the
characteristic globular pattern of core protein, which was
found to be due to core localization to the membrane of
fat-containing vesicles. However, this does not prove that
core is responsible for generating lipid vesicles. Primary
hepatocytes acquire lipid vesicles during their isolation,
regardless of HCV core expression (unpublished data).
Thus, the association of HCV core with lipid vesicles in
primary culture could be fortuitous.
An association of chronic hepatitis C with hepatocellular
steatosis and insulin resistance in human infection has
been firmly established[21], and is modeled by various HCV
core transgenic mouse lines[11]. However, few data exist on
the subcellular localization of the HCV-core in vivo. In our
model of conditional expression of HCV-core, expression
was suppressed from breeding to weaning. Core protein
would appear only in the context of the adult liver, as
typically occurs in human infection. Western blot of liver
extracts and IHC revealed that suppression is complete
when mice are on the dox-containing diet, as reported by
others[15]. When mice are fed standard chow at around two
months of age, the HCV core becomes readily detectable.
This system circumvents the possible artifacts associated
with hepatocyte isolation and transfection in vitro.
Sequential examination of the transgenic liver revealed not
www.wjgnet.com

Figure 6 Double stains for core and 8-OHdG at an age of 2 mo for LAP-tTA
transgenics (A) and DTM (B). The density of 8-OHdG was significantly higher
in the DTM (B, representatively dark nuclei, arrows, 65% ± 2.4%) than in the
LAP-tTA transgenics (2% ± 0.1%). Most 8-OHdG positive cells exhibited robust
expression of HCV core. The 8-OHdG negative nuclei were indicated by arrow
heads (B).

only a positive topological relationship between the core
protein and the lipid vesicle, but also the simultaneous
diminution of the steatosis and core positive hepatocytes
with time. Trivial, macrovesicular steatosis replaced
prominent, microvesicular steatosis during this process.
The LAP-tTA transgenics, which received the same course
of dox administration showed no evidence of hepatic
steatosis (data not shown). Hence, as well as colocalizing
with the hepatic lipid vesicles, the core protein appears to
cause hepatic steatosis, followed by apoptosis.
The mechanism of apoptosis in core-expressing
hepatocytes appears to involve oxidative stress, and
indicated by 8-OHdG staining, as suggested by others[22-24].
Previous investigations have demonstrated that HCVcore enhances apoptosis, mediated by either TNF-alpha[25]
or FAS [26]. On the other hand, in mice expressing the
entire HCV polypeptide conferred resistance to apoptosis
associated with the administration of adenovirus; the
effect was selective for FAS-mediated apoptosis[27]. As the
authors of the latter study suggest, other viral proteins
may in some way override the pro-apoptotic effect of the
core, but the mechanism remains to be determined. Also,
the level of core expression and its localization in this
model are as yet unclarified, as is the effect of transgene
expression during development.
No significant hepatic inflammation and only modest
aminotransferase elevation occurred in those mice with
robust core expression. The difference in aminotransferase
between the LAP-tTA-HCV core transgenics and LAPtTA transgenics fell with time, as did hepatic steatosis.
In contrast to our doubly transgenic mice, the transgenics
with constitutive HCV core expression developed by
Moriya et al[9] showed progressive hepatic steatosis rather
than gradual diminution of steatosis. We proposed that
differences in the level and timing of core expression of
the constitutive and conditional transgenics might account
for the contrasting evolution of hepatic steatosis.
In summary, the newly developed conditional transgenic
mice permit morphological analysis of the subcellular
distribution of the hepatitis C core gene. The close
association of lipid vesicles and core protein and their
parallel evolution with time supports the view that the
HCV core protein affects hepatocellular lipid metabolism,
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probably through stimulating oxidative stress. To the
best of our knowledge, this is the first animal model that
directly elucidates topological and evolutional relationships
between core protein and hepatic steatosis.

REFERENCES
1
2
3
4

5

6

7
8
9

10

11

12

13

14

Liang TJ, Heller T. Pathogenesis of hepatitis C-associated
hepatocellular carcinoma. Gastroenterology 2004; 127: S62-S71
Crispe IN. Hepatic T cells and liver tolerance. Nat Rev Immunol
2003; 3: 51-62
Zein CO, Levy C, Basu A, Zein NN. Chronic hepatitis C and
type II diabetes mellitus: a prospective cross-sectional study.
Am J Gastroenterol 2005; 100: 48-55
Fujie H, Yotsuyanagi H, Moriya K, Shintani Y, Tsutsumi T,
Takayama T, Makuuchi M, Matsuura Y, Miyamura T, Kimura
S, Koike K. Steatosis and intrahepatic hepatitis C virus in
chronic hepatitis. J Med Virol 1999; 59: 141-145
Barba G, Harper F, Harada T, Kohara M, Goulinet S,
Matsuura Y, Eder G, Schaff Z, Chapman MJ, Miyamura T,
Bréchot C. Hepatitis C virus core protein shows a cytoplasmic
localization and associates to cellular lipid storage droplets.
Proc Natl Acad Sci USA 1997; 94: 1200-1205
Boulant S, Montserret R, Hope RG, Ratinier M, TargettAdams P, Lavergne JP, Penin F, McLauchlan J. Structural
determinants that target the hepatitis C virus core protein to
lipid droplets. J Biol Chem 2006; 281: 22236-22247
Hope RG, McLauchlan J. Sequence motifs required for lipid
droplet association and protein stability are unique to the
hepatitis C virus core protein. J Gen Virol 2000; 81: 1913-1925
McLauchlan J, Lemberg MK, Hope G, Martoglio B.
Intramembrane proteolysis promotes trafficking of hepatitis C
virus core protein to lipid droplets. EMBO J 2002; 21: 3980-3988
Moriya K, Yotsuyanagi H, Shintani Y, Fujie H, Ishibashi K,
Matsuura Y, Miyamura T, Koike K. Hepatitis C virus core
protein induces hepatic steatosis in transgenic mice. J Gen Virol
1997; 78 (Pt 7): 1527-1531
Perlemuter G, Sabile A, Letteron P, Vona G, Topilco A,
Chrétien Y, Koike K, Pessayre D, Chapman J, Barba G,
Bréchot C. Hepatitis C virus core protein inhibits microsomal
triglyceride transfer protein activity and very low density
lipoprotein secretion: a model of viral-related steatosis. FASEB
J 2002; 16: 185-194
Shintani Y, Fujie H, Miyoshi H, Tsutsumi T, Tsukamoto K,
Kimura S, Moriya K, Koike K. Hepatitis C virus infection and
diabetes: direct involvement of the virus in the development
of insulin resistance. Gastroenterology 2004; 126: 840-848
Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T,
Ishibashi K, Matsuura Y, Kimura S, Miyamura T, Koike K.
The core protein of hepatitis C virus induces hepatocellular
carcinoma in transgenic mice. Nat Med 1998; 4: 1065-1067
Dal Molin G, D’Agaro P, Ansaldi F, Ciana G, Fertz C, Alberico
S, Campello C. Mother-to-infant transmission of hepatitis C
virus: rate of infection and assessment of viral load and IgM
anti-HCV as risk factors. J Med Virol 2002; 67: 137-142
Kistner A, Gossen M, Zimmermann F, Jerecic J, Ullmer C,

3477

15

16

17
18

19
20

21
22

23

24

25

26

27

Lübbert H, Bujard H. Doxycycline-mediated quantitative and
tissue-specific control of gene expression in transgenic mice.
Proc Natl Acad Sci USA 1996; 93: 10933-10938
Wang R, Ferrell LD, Faouzi S, Maher JJ, Bishop JM. Activation
of the Met receptor by cell attachment induces and sustains
hepatocellular carcinomas in transgenic mice. J Cell Biol 2001;
153: 1023-1034
Bissell DM, Wang SS, Jarnagin WR, Roll FJ. Cell-specific
expression of transforming growth factor-beta in rat liver.
Evidence for autocrine regulation of hepatocyte proliferation. J
Clin Invest 1995; 96: 447-455
Moradpour D, Englert C, Wakita T, Wands JR. Characterization
of cell lines allowing tightly regulated expression of hepatitis C
virus core protein. Virology 1996; 222: 51-63
Suzuki R, Sakamoto S, Tsutsumi T, Rikimaru A, Tanaka K,
Shimoike T, Moriishi K, Iwasaki T, Mizumoto K, Matsuura Y,
Miyamura T, Suzuki T. Molecular determinants for subcellular
localization of hepatitis C virus core protein. J Virol 2005; 79:
1271-1281
Liu Q, Tackney C, Bhat RA, Prince AM, Zhang P. Regulated
processing of hepatitis C virus core protein is linked to
subcellular localization. J Virol 1997; 71: 657-662
Rouillé Y, Helle F, Delgrange D, Roingeard P, Voisset C,
Blanchard E, Belouzard S, McKeating J, Patel AH, Maertens G,
Wakita T, Wychowski C, Dubuisson J. Subcellular localization
of hepatitis C virus structural proteins in a cell culture system
that efficiently replicates the virus. J Virol 2006; 80: 2832-2841
Zekry A, McHutchison JG, Diehl AM. Insulin resistance and
steatosis in hepatitis C virus infection. Gut 2005; 54: 903-906
Benali-Furet NL, Chami M, Houel L, De Giorgi F, Vernejoul
F, Lagorce D, Buscail L, Bartenschlager R, Ichas F, Rizzuto R,
Paterlini-Bréchot P. Hepatitis C virus core triggers apoptosis
in liver cells by inducing ER stress and ER calcium depletion.
Oncogene 2005; 24: 4921-4933
Chou AH, Tsai HF, Wu YY, Hu CY, Hwang LH, Hsu PI,
Hsu PN. Hepatitis C virus core protein modulates TRAILmediated apoptosis by enhancing Bid cleavage and activation
of mitochondria apoptosis signaling pathway. J Immunol 2005;
174: 2160-2166
Schwer B, Ren S, Pietschmann T, Kartenbeck J, Kaehlcke K,
Bartenschlager R, Yen TS, Ott M. Targeting of hepatitis C
virus core protein to mitochondria through a novel C-terminal
localization motif. J Virol 2004; 78: 7958-7968
Zhu N, Khoshnan A, Schneider R, Matsumoto M, Dennert G,
Ware C, Lai MM. Hepatitis C virus core protein binds to the
cytoplasmic domain of tumor necrosis factor (TNF) receptor
1 and enhances TNF-induced apoptosis. J Virol 1998; 72:
3691-3697
Moorman JP, Prayther D, McVay D, Hahn YS, Hahn CS. The
C-terminal region of hepatitis C core protein is required for
Fas-ligand independent apoptosis in Jurkat cells by facilitating
Fas oligomerization. Virology 2003; 312: 320-329
Disson O, Haouzi D, Desagher S, Loesch K, Hahne M, Kremer
EJ, Jacquet C, Lemon SM, Hibner U, Lerat H. Impaired
clearance of virus-infected hepatocytes in transgenic mice
expressing the hepatitis C virus polyprotein. Gastroenterology
2004; 126: 859-872
S- Editor Zhu LH L- Editor Alpini GD E- Editor Ma WH

www.wjgnet.com

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

World J Gastroenterol 2007 July 7; 13(25): 3478-3486
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

BASIC RESEARCH

Heme oxygenase-1 overexpression increases liver injury after
bile duct ligation in rats
Matthias Froh, Lars Conzelmann, Peter Walbrun, Susanne Netter, Reiner Wiest, Michael D Wheeler, Mark Lehnert,
Takehiko Uesugi, Jurgen Scholmerich, Ronald G Thurman
Matthias Froh, Peter Walbrun, Susanne Netter, Reiner
Wiest, Jurgen Scholmerich, Department of Internal Medicine,
University of Regensburg, Germany
Matthias Froh, Lars Conzelmann, Michael D Wheeler, Mark
Lehnert, Takehiko Uesugi, Ronald G Thurman, Department of
Pharmacology, University of North Carolina, United States
Lars Conzelmann, Department of Urology, University of Mainz,
Germany
Mark Lehnert, Department of Surgery, University of Frankfurt,
Germany
Takehiko Uesugi, Department of Surgery, University of Osaka,
Japan
Supported by grants from the National Institute of Health and
by a grant from the Deutsche Forschungsgemeinschaft, No. FR
1644/4-1
Correspondence to: Matthias Froh, MD, Department of
Internal Medicine, University of Regensburg, Regensburg 93042,
Germany. matthias.froh@klinik.uni-regensburg.de
Telephone: +49-941-9447012 Fax: +49-941-9447011
Received: 2007-02-09
Accepted: 2007-03-31

Abstract
AIM: To investigate the effects of heme oxygenase-1
(HO-1) against oxidant-induced injury caused by bile
duct ligation (BDL).
METHODS: Either cobalt protoporphyrin (CoPP), a
HO-1 inducer, or saline were injected intraperitoneally in
male SD-rats. Three days later, BDL or sham-operations
were performed. Rats were sacrificed 3 wk after BDL
and livers were harvested for histology. Fibrosis was
evaluated by sirius red staining and image analysis.
Alpha-smooth muscular actin, which indicates activation
of stellate cells, was detected by immunohistochemical
staining, and cytokine and collagen-Ⅰα (Col-Ⅰα) mRNA
expression was detected using RNase protection assays.
RESULTS: Serum alanine transaminase increased 8-fold
above normal levels one day after BDL. Surprisingly,
enzyme release was not reduced in rats receiving CoPP.
Liver fibrosis was evaluated 3 wk after BDL and the
sirius red-positive area was found to be increased to
about 7.8%. However, in CoPP pretreated rats sirius redpositive areas were increased to about 11.7% after BDL.
Collagen-Ⅰα and TGF-β mRNA increased significantly
by BDL. Again, this effect was increased by HO-1
overexpression.
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CONCLUSION: Hepatic fibrosis due to BDL is not
reduced by the HO-1 inducer CoPP. In contrast, HO-1
overexpression increases liver injury in rats under
conditions of experimental chronic cholestasis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Chronic cholestatic liver diseases are one of the leading
indications for liver transplantation in children and
adults[1,2]. Various drugs, total parenteral nutrition, chronic
liver transplant rejection, and graft-vs-host disease can also
produce chronic cholestasis[3-5]. This leads to liver injury
and will finally progress to portal fibrosis, cirrhosis and
end-stage liver disease necessitating liver transplantation.
Ursodeoxycholic acid is currently the most promising
therapy for chronic cholestatic liver diseases[6]; however,
it cannot prevent fibrosis [7]. How cholestasis induces
liver injury and fibrosis remains unclear. One possible
mechanism is that accumulation of hydrophobic bile
acids causes oxidative stress in the liver[8]. Previous studies
showed that hepatic mitochondria generate reactive
oxygen species when isolated hepatocytes are exposed to
hydrophobic bile acids[8,9]. This mitochondrial free radical
production may be an important mechanism of cholestatic
liver injury. However oxypurinol, an inhibitor of xanthine
oxidase, decreases hepatocelluar injury without decreasing
lipid peroxidation in mitochondria and microsomes,
suggesting that mitochondrial oxidative stress does not play
an important role in cholestatic liver injury[10]. Therefore,
the major source of free radicals remains unclear. In biliary
obstructed rats, hepatic glutathione levels and activities of
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antioxidant enzymes decrease, whereas 4-hydroxynonenal
and malondialdehyde levels increase[9,11,12]. These findings
also support the involvement of oxidative stress in
cholestatic stress.
Heme oxygenases (HOs) are ubiquitous enzymes
that catalyze the initial and rate-limiting steps in heme
catabolism[13,14] yielding equimolar amounts of biliverdin,
carbon monoxide, and free divalent iron[15-18]. Biliverdin is
subsequently reduced to bilirubin by biliverdin reductase,
and the free iron is used in intracellular metabolism or
sequestered into ferritin. The HO-system consists of
three isoforms (HO-1, HO-2, and HO-3) as the products
of separate genes[14,19,20]. HO-1, also known as heat shock
protein 32, is an inducible isoform activated by most
oxidative stress inducers and cytokines[17]. Constitutively
expressed HO-2 is unresponsive to any of the known
HO-1 inducers [17,20,21] . The HO-3 isozyme has 90%
homology in the amino acid sequence with HO-2 and is
nearly devoid of catalytic activity, serving mainly as hemesensing/binding protein [19]. The mechanism by which
HO-1 confers protection against oxidative stress has not
yet been fully understood. It has been suggested that
HO-1 possesses antioxidant activity deriving from the
elimination of prooxidant heme and from the biological
activities of its reaction products: biliverdin, bilirubin and
iron[22-24]. Both biliverdin and bilirubin possess antioxidant
properties[25], whereas iron released during heme catabolism
can stimulate ferritin synthesis[26].
This study was designed to test whether an increased HO-1
expression by the HO-1 inducer cobalt protoporphyrin (CoPP)
would minimize oxidative stress caused by experimental
cholestasis and thereby decrease liver fibrosis.

MATERIALS AND METHODS
Animal husbandry and treatment
Adult male Sprague-Dawley rats (200-250 g) were housed
four to a cage in a facility approved by the Association
for the Accreditation and Assessment of Laboratory
Animal Care International. Three days before surgery,
rats were randomly assigned to two experimental groups
and received either 0.5 mL of lactated Ringer's solution
or CoPP (Frontier Scientific Inc., Logan, UT, USA) at a
concentration of 5 mg/kg diluted in 0.5 mL of lactated
Ringer's solution intraperitoneally. After surgery, rats were
allowed free access to standard laboratory chow and tap
water. All animals received humane care in compliance
with guidelines approved by the Institutional Animal Care
and Use Committee of the University of North Carolina
at Chapel Hill.
Bile duct ligation
Rats underwent bile duct ligation (BDL) and transection
or sham operation under ether anesthesia, as described
elsewhere[27].
Clinical chemistry and histology
Blood samples were collected from the tail vein at times
indicated in Figure 1. Serum enzymes were measured
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Figure 1 Experimental design. Either CoPP or saline were injected
intraperitoneally in male rats. Three days later, bile duct ligation (BDL) or sham
operation was performed. Some animals were killed 3 d after CoPP injection or
3 wk after BDL to assess HO-1 protein expression in liver tissue. Blood samples
were taken just before and at 0, 1, 7, 14, and 21 d after BDL to assess for
alanine transaminase (ALT), aspartate aminotransaminase (AST), serum alkaline
phosphatase (ALP), and bilirubin. Liver sections were taken from rats 3 wk after
BDL to evaluate pathological changes.

using analytic kits from Sigma (St. Louis, MO, USA). For
histology, the liver was rinsed with normal saline, followed
by slow infusion of 5 mL 10% buffered formaldehyde.
After 48 h in fixative, paraffin sections were prepared and
stained with hematoxylin-eosin or 0.1% Sirius red and
Fast green FCF (Sigma)[28]. Areas in sections stained for
collagens by Sirius red were quantified by image analysis
using an Universal Imaging Image-1/AT image acquisition
and analysis system (West Chester, PA, USA) incorporating
an Axioskop 50 microscope. Detection thresholds were set
for the red color of stained collagen based on an intensely
labeled point and a default color threshold range that
was assigned. The degree of labeling in each section was
determined from the area within the color range divided
by the total cellular area.
Immunohistochemistry for α-smooth muscle actin
Immunohistochemistry for α -smooth muscle actin
(α-SMA) was performed on 6 μm sections of formalinfixed, paraffin-embedded liver-sections according to
the supplier's instructions. Sections were deparaffinized
in xylene, rehydrated in a series of graded alcohol
concentrations, and placed in phosphate-buffered
saline with 1% Tween 20. Staining was performed with
monoclonal primary antibodies (DAKO, Carpinteria, CA,
USA) against α-SMA and followed by peroxidase labeling
using an EnVision kit (DAKO). The primary antibody
was diluted 1:200 with 1% bovine albumin (Sigma) in
phosphate-buffered saline. After immunohistochemistry,
samples were lightly counterstained with hematoxylin.
Protein isolation and Western blotting
Whole liver tissue was homogenized in lysis buffer with
protease inhibitors at 4℃. The supernatant was collected
and used as the source of protein for Western blots, as
described elsewhere [29,30]. Protein was analyzed using a
1:1000 dilution of anti-HO-1 polyclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and a 1:5000
dilution of horseradish peroxidase-conjugated antibody
(Amersham Pharmacia Biotech, Piscataway, NJ, USA).
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Figure 2 Immunodetection of HO-1 in liver tissues 3 wk after BDL or sham
operation. The expression of HO-1 using an anti-HO-1 polyclonal antibody was
determined by Western blot. Data are representative of 4 to 6 animals per group.
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AP-1 and NF-κ B determination using EMSA
Measurement of AP-1 and NF- κ B by EMSA was
performed, as described in detail elsewhere[29-31].
RNase protection assay for collagen-Ⅰα , TNF-α , and
transforming growth factor-β mRNA
Total RNA was isolated from liver tissue using RNA
STAT 60 (Tel-Test, Friendswood, TX, USA). The RNA
was extracted and purified following standard phenol/
chloroform extraction and ethanol precipitation. RNase
protection assays were performed using the RiboQuant
multiprobe assay system (Pharmingen, San Diego, CA,
USA) or an individual probe[29,30]. Gels were visualized
by autoradiography [32] . Bands corresponding to the
protected labeled fragment were quantitated by scanning
densitometry software (ImageQuant 5.0), and where
statistical data are given, they were normalized to the level
of GAPDH as the housekeeping gene.
Statistical analysis
Data are presented as mean ± SD. ANOVA and the
Student-Newman-Keuls post hoc tests were used to
determine statistical significance between treatment
groups. A P value less than 0.05 was selected before the
study as the level of significance.

RESULTS
Expression of HO-1 in the liver
Experimental design is depicted in Figure 1. To confirm
that CoPP pretreatment induced HO-1 overexpression,
HO1 protein expression in whole livers was studied by
immunoblotting analysis. As expected, HO-1 protein
was identified in saline pretreated rats 3 wk after BDL
(Figure 2), confirming previously published data[33]. Almost
no HO-1 protein signal was detected in sham-operated
rats pretreated with saline (Figure 2). In contrast, CoPP
pretreatment produced a strong HO-1 protein signal in
sham-operated and bile duct-ligated rats, indicating an
increased HO-1 expression thru CoPP (Figure 2).
Serum enzymes and histology
In untreated rats that were fed a standard chow diet,
serum alanine aminotransaminase (ALT) levels averaged
70 U/L (Figure 3) and were not significantly altered by
CoPP pretreatment and sham operation. After BDL, ALT
increased to 386 U/L after 1 d (Figure 3), indicating liver
injury. ALT levels decreased afterward and reached a new
steady-state level of about 80 U/L after 1 wk (Figure 3).
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Figure 3 Time course of alanine transaminase (ALT) release after BDL or sham
operation. BDL or sham operation were performed 3 d after CoPP or saline
injection, and blood samples were collected at time points indicated in the figure.
Serum ALT activity was determined using commercial kits from Sigma. Values are
means ± SD (n = 5-6 in each group). aP < 0.05 vs bile duct-ligated group receiving
saline.

When rats were pretreated with the HO-1 inducer CoPP,
ALT levels increased to 472 U/L one day after BDL
(Figure 3). ALT levels decreased also afterward and
reached a steady-state level of about 110 U/L after 1 wk
before they significantly increased to 148 U/L after 3 wk
(Figure 3).
Normal liver architecture was observed after saline
or CoPP pretreatment and sham operation (Figure 4A).
Three weeks after BDL characteristic morpholog y
of obstr uctive biliary cirrhosis, including bile duct
proliferation, diffuse micronodules, focal necrosis and
white blood cell infiltration were observed in livers from
rats receiving saline pretreatment (Figure 4B). These
pathological changes were increased by rats receiving
CoPP pretreatment (Figure 4C).
Fibrogenesis in the liver
To evaluate the effects of HO-1 overexpression on liver
fibrosis after BDL, liver sections were stained with Sirius
red for collagen. Independently of pretreatment (saline
or CoPP), no fibrosis was observed in livers from shamoperated rats (Figure 5A). In rats receiving normal saline,
hepatic fibrosis developed within 2 wk after BDL (data not
shown) and was severe after 3 wk (Figure 5B). When rats
pretreated with CoPP were subjected to BDL, histology
revealed increased fibrosis (Figure 5C). Image analysis
revealed that Sirius red stained an area of about 0.7% of
liver sections from sham-operated rats, independently of
pretreatment (Figure 6). Sirius red staining increased to
7.8% after 3 wk following BDL (Figure 6). Pretreatment
with CoPP raised this increase in Sirius red staining
significantly after BDL to 11.7% of the measured areas
(Figure 6).
Collagen gene expression was evaluated by RNase
protection assay for collagen-Iα mRNA and was barely
detectable in livers from sham-operated rats, independently
of pretreatment (Figure 7A). Three weeks after BDL,
however, collagen-Ⅰα mRNA expression increased to
about 2000% compared with sham-operated groups
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Figure 4 Effects of HO-1 overexpression on hepatic pathology changes caused by
BDL. Rats were pretreated with CoPP or saline. Livers were harvested 3 wk after
BDL, and hematoxylin and eosin staining was performed to evaluate pathological
changes. Shown are representative images (x 40). A: sham operation with saline
pretreatment; B: BDL with saline pretreatment; C: BDL with CoPP pretreatment.

Figure 5 Effects of HO-1 overexpression on hepatic fibrosis after BDL. Rats were
pretreated with CoPP or saline. Livers were harvested 3 wk after BDL, and Sirius
red staining of sections was performed. Shown are representative images (x 40). A:
sham operation with saline pretreatment; B: BDL with saline pretreatment; C: BDL
with CoPP pretreatment.

(Figure 7A and B). Pretreatment with CoPP worsen the
increase in collagen-Ⅰα mRNA expression to about
3000% (Figure 7A and B).

of α-SMA-positive areas, indicating an increase of stellate
cell activation (Figure 8C).

Immunohistochemical staining for α -SMA
Activated stellate cells are the major source of matrix
proteins in diseased liver[34]. Accordingly, we evaluated
α -SMA, an indicator of stellate cell activation, by
immunohistochemical staining after BDL. In livers from
sham-operated rats (independently of pretreatment),
small amounts of α-SMA were detected in the smooth
muscle and endothelium of blood vessels (Figure 8A).
After BDL, α-SMA increased markedly in perisinusoidal
cells consistent with stellate cell activation in cholestatic
livers (Figure 8B). Again, HO-1 overexpression by CoPP
treatment before BDL significantly increased the amount

Transcription factors and cytokine expression in the liver
NF-κB/DNA complexes were barely detectable in livers
from sham-operated rats (independently of pretreatment)
but increased around 3.5-fold after BDL, consistent with
our previous studies [29,30]. CoPP pretreatment did not
suppress this activation (data not shown). A small amount
of AP-1/DNA complex was detected in livers from shamoperated rats. Three weeks after BDL, however, AP-1/
DNA complex levels increased around 2-fold, indicating
activation of AP-1[29,30]. Again, HO-1 overexpression thru
CoPP pretreatment did not suppress this activation (data
not shown).
Minimal amounts of TGF-β1 mRNA were detected in
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Figure 6 Quantification of hepatic fibrosis after BDL. Liver sections were stained
with Sirius red, as described in Figure 4. Five microscope fields (x 40 objective)
were selected randomly, and fractional areas that were Sirius red positive were
determined by image analysis. Values are means ± SD (n = 5-6 in each group).
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DISCUSSION
Cholestasis leads to liver injury and will finally progress
to fibrosis necessitating liver transplantation[1,35]. Current
therapy for cholestasis, such as ursodeoxycholic acid,
does not prevent fibrosis[7]. Therefore, new strategies to
prevent cholestasis-induced liver injury and fibrosis are
needed. Previous work suggest that oxidative stress occurs
during cholestasis and probably plays a role in cholestasisinduced liver injury[8,9,36]. Accordingly, antioxidant therapy
represents a potential strategy to prevent liver injury and
fibrosis.
There are several reports suggesting protective effects
of HO-1 against oxidant-induced injury and the induction
of HO-1 as an adaptive response against oxidative damage.
In detail, HO-1 overexpression can protect steatotic rat
liver from ischemia reperfusion injury[37], prolong cardiac
allograft[38], prevent arteriosclerosis and cardiac fibrosis in
cardiac transplantation[39], be neuroprotective[40], attenuate
chronic rejection of renal transplantation[41], and protect
animals from endotoxic shock [42]. Based on this data,
we assumed that HO-1 overexpression leading to less
oxidative damage reduced cholestasis-induced liver injury
and fibrosis. Accordingly, we assessed the effect of CoPP, a
HO-1 inducer, leading to a stable HO-1 overexpression[37]
in a rat model of cholestasis induced by BDL.
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livers from rats after sham operation. After BDL, TGF-β1
mRNA expression significantly increased by around
threefold (Figure 9A and B). CoPP pretreatment did not
suppress these increases in TGF-β expression. In contrast,
TGF-β1 mRNA expression was even more increased in
rats receiving CoPP before BDL (Figure 9B). TNF- α
mRNA was barely detectable in livers from sham-operated
rats (Figure 9A and C) but was increased around twofold
after BDL. HO-1 overexpression thru CoPP pretreatment
did not suppress this increase in TNF-α mRNA expression
(Figure 9C).

← GAPDH
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Figure 7 Effects of cholestasis and HO-1 overexpression on collagen-Iα mRNA
expression. Livers were harvested 3 wk after BDL, perfused with normal saline,
and frozen in liquid nitrogen. RNase protection assays were performed using
an individual probe. Values are means ± SD (n = 4 in each group). Specific
bands were quantitated by scanning densitometry and normalized to the signal
of GAPDH. A: representative autoradiogram of collagen-Iα mRNA expression;
B: densitometric analysis of collagen-Iα mRNA expression. aP < 0.05 vs shamoperated groups, CP < 0.05 vs bile duct-ligated group receiving saline.

CoPP-induced HO-1 overexpression increases liver injury
and hepatic fibrosis due to BDL
In confirmation of previous work from our and several
other laboratories [11,12,27,29,30], BDL caused hepatic ALT
release (Figure 3), cell necrosis (Figure 4) and fibrosis
(Figures 5-7) as expected. Surprisingly, enzyme release
and histopathological changes were not reduced in
rats receiving CoPP. Moreover, a significant increase in
ALT levels (Figure 3) and pathology (Figure 4) could be
demonstrated 3 wk after BDL for CoPP pretreated vs
bile duct-ligated rats receiving saline. Furthermore, HO-1
overexpression significantly deteriorated fibrosis caused by
cholestasis, as shown by Sirius red staining and collagen-Ⅰ
α mRNA expression (Figures 5-7).
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How does HO-1 overexpression increase
cholestasis-induced liver fibrosis?
Beside protective effects of upregulation of the
HO-1 pathway th e r e i s i n c r e a s i n g e v i d e n c e t h a t
HO-1 overexpression and activity is not exclusively
cytoprotective. Recent studies indicate that the protection
might be restricted to a narrow threshold of HO-1
overexpression [43-46] . High levels of HO-1 may even
sensitize the cell to oxidative stress, as demonstrated in
fibroblast cell cultures, where low HO-1 induction was
shown to be cytoprotective, whereas excessive activation
of HO-1 resulted in the accumulation of free divalent
iron and increased oxidative injury[43]. Moreover, increased
HO-1 expression was shown in human NASH patients,
reflecting the severity of the disease and the progression
of liver failure [44]. Furthermore, a dual role for HO-1

C
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Figure 8 Effects of HO-1 overexpression on α-smooth muscle actin (α-SMA)
formation after BDL. Livers were harvested 3 wk after BDL, and sections were
stained immunohistochemically to assess α-SMA. Shown are representative
images (x 40). A: sham operation with saline pretreatment; B: BDL with saline
pretreatment; C: BDL with CoPP pretreatment.
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Figure 9 Effects of cholestasis and HO-1 overexpression on production of TGF-b
and TNFa. Livers were harvested 3 wk after bile duct ligation and snap-frozen in
liquid nitrogen. TGF-b and TNFa mRNAs were assessed by RNase protection
assay using cytokine template sets, as described in MATERIAL AND METHODS.
Values are means ± SD (n = 4 in each group). Specific bands were quantitated by
scanning densitometry and normalized to the signal of GAPDH. A: representative
autoradiogram of TGF-b and TNFa mRNA expression; B: densitometric analysis
of TGF-b1 mRNA expression. aP < 0.05 vs sham-operated groups, bP < 0.05 vs
bile duct-ligated group receiving saline; C: densitometric analysis of TNFa mRNA
expression. aP < 0.05 vs sham-operated groups.
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expression in human liver transplants, with either cytoprotection or increased cytotoxicity, depending on the initial
level of overexpression could be demonstrated[45]. These
results point towards the potentially different effects of
HO-1, which may be neither exclusively cytoprotective nor
exclusively cytotoxic.
Normally, factors of an increased HO-1 expression in
a model of experimental cirrhosis may include NO and
oxidative stress[9,47,48], as well as especially increased cytokine
and endotoxin levels[49]. It is known, that HO-1 expression
and activity is greatly enhanced in cirrhotic rat livers[33,50,51],
suggesting an important role in cirrhosis development. In
BDL livers, HO-1 was induced especially in hepatocytes
but it was also enhanced in Kupffer cells[33,51]. Accordingly,
the additionally exogenous induction of HO-1 in a model
of hepatic fibrosis due to BDL could further increase an
already elevated HO-1 expression, resulting in potentially
detrimental effects instead of cytoprotection.
Oxidant-induced cell death may also cause exaggerated
repair leading to fibrosis. Therefore, non-prevention
of cell death may increase subsequent fibrosis. There
are numerous reports indicating anti-apoptotic abilities
of HO-1[39,52-54] by suppressing one or several signaling
pathways of the pro-apoptotic stimuli. In contrast to these
findings, we found that HO-1 overexpression increased
ALT release and necrosis of parenchymal cells (Figures 3
and 4), as well as maximizing fibrosis (Figures 5-7) in this
model of chronic cholestasis due to BDL.
Activation of hepatic stellate cells appears to be
a critical step in hepatic fibrogenesis that is regulated
by several factors, including cytokines and oxidative
stress[34,55,56]. Previous studies could demonstrate HO-1
overexpression as a negative regulator in the control of
fibrogenic activities of hepatic stellate cells[57,58]. Therefore
it was hypothesized that HO-1 overexpression may
prevent fibrosis by inhibiting oxidant-dependent activation
and proliferation of stellate cells. In contrast to this
hypothesis, α-SMA, a marker of stellate cell activation,
dramatically increased after BDL (Figure 8), an effect that
was significantly worsen by CoPP pretreatment. Activated
stellate cells also produce TGF-β1, which causes further
proliferation of stellate cells and strongly stimulates
production of collagens[59,60]. Oxidative stress not only
increases production of TGF-β1 but also activates latent
TGF-β1[61,62]. Additionally, H2O2 activates transcriptional
factors such as AP-1 and NF- κ B [63] that are involved
in stellate cell activation and synthesis of TGF- β1[55,63].
Consistent with these earlier findings, activation of
AP-1, NF- κ B, and increases in TGF- β 1 mRNA were
all observed in the present study after BDL (Figure 9),
supporting the hypothesis that oxidative stress stimulates
TGF-β1 production, leading to collagen gene and protein
expression (Figure 7). But in contrast, CoPP pretreatment
before BDL did not blocked activation of transcription
factors and cytokine production. Furthermore, HO-1
overexpression induced TGF-β1 (Figure 9B) expression
after BDL even more, leading to a significant increase
in collagen-Ⅰα mRNA and α-SMA protein expression
(Figures 7 and 8). These findings also point to the
potential pro-oxidant consequences of an increased HO-1
expression and activity.
www.wjgnet.com
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Another possibility is that elevated HO-1 overexpression aggravates the activation of Kupffer cells, thus
increasing formation of inflammatory and fibrogenic
mediators. Previous reports identified Kupffer cells as
the main source of HO-1 expression in human livers[45,64]
in contrast to controversial data from rat livers, where
considerable expressions of HO-1 has also been found
in hepatocytes[51,65]. Besides the large body of evidence
demonstrating cytoprotective effects of HO-1 upregulation
in transplant models in animals[37,66,67], Geuken et al[45] suggested that high HO-1 overexpression in Kupffer cells in
human liver allografts may contribute to an increased cell
injury. In general, the role of Kupffer cells in fibrosis is
controversial. Destruction of Kupffer cells attenuated liver
fibrosis caused by carbon tetrachloride[68]. By contrast, in a
rat model of reversible biliary obstruction, inactivation of
Kupffer cells impaired collagen metabolism and inhibited
the resolution of fibrosis[69]. Kupffer cells release many
mediators that activate stellate cells, including TNF-α,
TGF-β, human growth factor, PDGF, and reactive oxygen
species [60,70]. TNF- α production and NF- κ B activation
increase during cholestasis [71,72]. Activation of NF- κ B,
probably due to oxidative stress, could lead to expression
of TNF-α. An inhibition of proinflammatory cytokine
production as a result of HO-1 overexpression, as
reported for several other liver injury models[73-75], could
not be demonstrated in the present study. In addition, we
have shown that activation of NF-κB and expression of
TNF-α and TGF-β were increased by cholestasis and that
these effects were not blocked by HO-1 overexpression
(Figure 9). In contrast, TGF-β1 mRNA expression was
significantly increased in rats receiving CoPP before BDL
(Figure 9B) demonstrating an additional accumulation of
one key mediator in fibrogenesis. However, in a previous
study we could demonstrate that suppression of Kupffer
cell function with GdCl3, a treatment that blocks carbon
tetrachloride-induced fibrosis[68], did not attenuate fibrosis
caused by cholestasis[29]. This might indicate that Kupffer
cells likely do not play a prominent role in cholestasisinduced fibrosis in vivo and that HO-1 up-regulation does
not work exclusively by increasing Kupffer cell activation.
In conclusion, we could demonstrate that
hepatic fibrosis due to BDL is not reduced by HO-1
overexpression. In contrast, CoPP dependent HO-1
overexpression increases liver injur y in rats under
conditions of experimental chronic cholestasis. In
conjunction with previous reports, these findings indicate
that increased HO-1 activity is not exclusively protective.
Rather, the HO-1 induced cytoprotection might be
restricted to a narrow threshold of overexpression in the
injury model used.
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Histological tissue damage was milder in the ANP group
than in the control group.
CONCLUSION: Our results show that ANP has a
protective role in I/R injury with p38 MAPK activation in
a porcine THVE model.
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Abstract
AIM: To evaluate the effect of ANP on warm I/R injury
in a porcine THVE model.
METHODS: Miniature pigs (mini-pigs) weighing 16-24
kg were observed for 120 min after reperfusion following
120 min of THVE. The animals were divided into two
groups. ANP (0.1 μg/kg per min) was administered to
the ANP group (n = 7), and vehicle was administered
to the control group (n = 7). Either vehicle or ANP was
intravenously administered from 30 min before the THVE
to the end of the experiment. Arterial blood was collected
to measure AST, LDH, and TNF-α. Hepatic tissue blood
flow (HTBF) was also measured. Liver specimens were
harvested for p38 MAPK analysis and histological study.
Those results were compared between the two groups.
RESULTS: The AST and LDH levels were lower in the
ANP group than in the control group; the AST levels
were significantly different between the two groups (60
min: 568.7 ± 113.3 vs 321.6 ± 60.1, P = 0.038 < 0.05,
120 min: 673.6 ± 148.2 vs 281.1 ± 44.8, P = 0.004
< 0.01). No significant difference was observed in the
TNF-α levels between the two groups. HTBF was higher
in the ANP group, but the difference was not significant.
A significantly higher level of phosphorylated p38 MAPK
was observed in the ANP group compared to the control
group (0 min: 2.92 ± 1.1 vs 6.38 ± 1.1, P = 0.011 < 0.05).

INTRODUCTION
Total clamping of the portal triad, known as "Pringle's
maneuver", is commonly used to control blood loss
in liver surgery [1,2]. Additionally, total hepatic vascular
exclusion (THVE), which consists of Pringle's maneuver
and occlusion of the inferior vena cava below and above
the liver, is used clinically for the resection of large and
posterior portions of the liver [3,4] . These techniques
possibly worsen postoperative liver function as a result of
warm ischemia-reperfusion (I/R) injury[5]. Consequently, a
reduction in the I/R injury is required for the maintenance
of postoperative liver function.
Atrial natriuretic pe ptide (ANP) was found in
mammalian atrial extracts in 1981 and characterized as
a 28 amino acid circular peptide[6,7]. ANP has effects on
the cardiovascular system, such as diuresis, natriuresis,
and hypotension, and has been used clinically for the
treatment of heart failure[8,9]. Recently, ANP was shown to
have protective effects mediated via the guanylate cyclase
coupled A-receptor and cGMP on hepatic I/R injury[10-16]
and to activate p38 MAPK[17]. On the other hand, in our
previous study, the inhibition of p38 MAPK ameliorated
the I/R injury of several organs[18-22].
In this study, we evaluated the protective effects of
www.wjgnet.com
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ANP treatment on warm I/R injury using a porcine
THVE model and analyzed the relationship between the
role of ANP and p38 MAPK activation.

MATERIALS AND METHODS
Animals
All animals were cared for in accordance with the
Principles of Laboratory Animal Care formulated by the
National Society for Medical Research and the guidelines
set forth in the Guide for the Care and Use of Laboratory
Animals, published by the National Institutes of Health
(NIH publication 85-23, revised 1985). The study was
performed under the supervision of the Animal Care and
Experimental Committee of Gunma University, Showa
campus, Japan.
Reagents
We used carperitide, a recombinant human ANP (HAN®),
obtained from Daiichi Asubio Pharma Co., Ltd. (Tokyo,
Japan).
Operative procedure
Fourteen Mexican hairless pigs (both sexes, weighing
16-24 kg) were used in this study. They were not allowed
access to food for 24 h before the experiment. After
intramuscular administration of ketamine hydrochloride
(250 mg) and atropine (0.5 mg), the pigs were intubated
endotracheally and mechanically ventilated at a tidal
volume of 25 mL/kg and a rate of 12 breaths/min.
General anesthesia was maintained with a mixture
of 1%-2% isoflurane and 100% oxygen during the
experiment. Lactated Ringer's solution (10 mL/kg per
hour) was infused via a catheter inserted into the right
subclavian vein. Laparotomy was performed via midline
incision. The liver was completely skeletonized by dividing
all suspensory ligaments and dissecting the retrohepatic
vena cava from the posterior abdominal wall. The portal
vein, hepatic artery, and common bile duct were isolated,
and their collaterals were occluded separately. THVE was
achieved by clamping the infrahepatic and suprahepatic
vena cava after clamping the portal vein and hepatic artery.
An active venovenous (v-v) bypass system was started
as a portosystemic shunt just before THVE to avoid
congestion of the portal vein and lower body. This system
comprised a centrifugal pump system (Lifestream; St. Jude
Medical, Chelmsford, MA) and venous cannulae. The
blood-contact surfaces of these components were heparincoated. The v-v bypass system was established with a drain
(12 Fr) inserted into the portal and the right external iliac
vein for blood removal and another drain inserted into
the right external jugular vein (12 Fr) for blood return.
Blood from the portal vein and infrahepatic vena cava was
bypassed into the right external jugular vein via a Y-shaped
shunt. The bypass blood flow was maintained at more
than 20 mL/kg per min under conditions of systemic
heparinization (100 units/kg). Liver ischemia was induced
by total exclusion of hepatic inflow for 120 min. After
the clamps were released to end the ischemia, the bypass
system was removed. The side hole of the portal trunk
www.wjgnet.com
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was repaired with a 5-0 polypropylene running suture after
removal of the cannula. The right external iliac vein and
the right external jugular vein were ligated after removal
of the cannula. The measurements described below were
performed, and animals were observed for 120 min after
reperfusion.
Experimental design
The animals were randomly assigned to two groups. In the
ANP group (n = 7), intravenous administration of ANP
(0.1 μg/kg per min) was continuously performed from
30 min before the THVE to the end of the experiment.
In the control group (n = 7), vehicle (saline solution) was
injected in the same manner.
Monitoring and sampling
T he exter nal iliac ar ter y was cannulated to allow
monitoring of arterial blood pressure and collection
of blood samples. Arterial blood pressure was directly
monitored through a catheter connected to a transducer
(Spectramed TA 1017; San-ei Co, Tokyo, Japan). Blood
samples were collected from the same catheter before and
after the procedure [before ischemia and immediately (0),
30, 60, and 120 min after reperfusion]. All samples were
centrifuged at 900 × g for 15 min at 4℃, and the serum or
plasma was frozen at -80℃ for later measurement.
Assays of serum AST and LDH levels and serum TNF-α
levels
Ser um alanine aminotransferase (AST) and lactate
dehydrogenase (LDH) levels were measured at 37℃ using
an ultraviolet rate assay on an autoanalyzer (Hitachi 736-60;
Hitachi Co. Ltd., Tokyo, Japan). Serum TNF-α levels were
also measured with ELISA using a BIOSOURCETM swine
TNF-α ELISA kit (Invitrogen, Carlsbad, CA) according to
the manufacturer's instructions.
Hepatic tissue blood flow
Hepatic tissue blood flow (HTBF) was measured with
a laser Doppler flow meter (Laser Blood Flow Monitor
MBF 3; Moor Instruments, Devon, U.K.) before ischemia
and 30, 60, and 120 min after reperfusion. The laser probe
was always placed on the right median lobe of the liver.
The blood flow was expressed as a percentage of the flow
before ischemia.
Western blot analysis of total and phosphorylated (active)
p38 MAPK
The left median lobe of the liver was harvested before
ischemia (pre) and immediately (0), 30, 60, and 120
min after reperfusion in both groups (n = 7 in each
group) and frozen at -80℃ until homogenization. The
extraction buffer contained 10 mmol/L Tris-HCl (pH 7.5),
0.25 mol/L sucrose, 5 mmol/L M EDTA, 50 mmol/L
NaCl, 30 mmol/L sodium pyrophosphate, 50 mmol/L
NaF, 100 µmol/L Na2VO4, 1 μg/mL pepstatin A, and
2 μ g/mL leupeptin. Immediately before being used,
1 mmol/L of phenylmethylsulfonyl fluoride was added.
The samples were homogenized in four volumes of
extraction buffer on ice. All debris and nuclei were
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Figure 1 A: Serum AST levels before ischemia (pre) and immediately (0), 30,
60, and 120 min after reperfusion. Data are expressed as the mean ± SE. aP <
0.05, bP < 0.01 vs control group; B: Serum LDH levels before ischemia (pre) and
immediately (0), 30, 60, and 120 min after reperfusion. Data are expressed as the
mean ± SE.

removed by centrifugation at 900 × g at 4℃ for 10 min,
and the supernatant was used for Western blot analysis.
Protein concentrations were determined with bovine
serum albumin as the reference standard using Bio-Rad
protein assay dye reagent (Bio-Rad Laboratories, Hercules,
CA)[23].
Protein (20 μ g) was separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred
to polyvinylidene difluoride (PVDF) membranes (Millipore
Co., Billerica, MA). Membranes were blocked with 5%
skim milk in Tris-buffered saline (TBS) and washed
three times in 0.05% Tween 20-TBS (TBS-T). Rabbit
polyclonal antibodies were used to identify p38 MAPK
and phosphorylated p38 MAPK. Immunocomplexes were
then detected using chemiluminescence and exposure to
radiographic film. These antibodies and chemiluminescent
reagent were contained in a PhosphoPlus MAPK antibody
kit (Cell Signaling Technology, Beverly, MA).
The densities of the bands in both groups, which were
transferred to the same membrane at every point, were
quantified with ImageJ software (National Institutes of
Health, Bethesda, MD), and differences between the two
groups were determined statistically. In each comparison,
the value was expressed as the ratio to the basal level.
Histopathologic examination
After 120 min of reperfusion, the hepatic tissues were
harvested from the left median lobe and fixed in 10%
formalin. The tissues were dehydrated, embedded in
paraffin, cut into 3 to 5-μm sections, and mounted. After
deparaffinization, the tissues were stained with hematoxylin
and eosin (HE) for histological examination. Single-blind

Statistical analysis
The results are expressed as the mean ± SE. Statistical
analysis was performed by Instat-3 statistical software
(GraphPad Software, Inc., San Diego, CA) using repeatedmeasures ANOVA for multiple comparisons when more
than two groups were analyzed. Comparisons between the
two groups at each point were calculated by the MannWhitney U-test. A P value of less than 0.05 was considered
statistically significant.

RESULTS
All animals survived until the endpoint of the study (120
min after reperfusion). ANP treatment did not affect the
systemic hemodynamics, and no significant differences
were observed in heart rate and blood pressure between
the two groups (data not shown). No side effects due to
the administration of ANP were found.
Serum AST and LDH levels
As shown in Figure 1A and B, no significant differences
were detected in the serum levels of AST and LDH before
ischemia between the two groups. The serum AST levels
gradually increased after reperfusion in the control group;
however, those in the ANP group were almost stable 30
min after reperfusion and significantly (P < 0.05 or P < 0.01)
lower 60 and 120 min after reperfusion than in the control
group (Figure 1A). The changes in the serum LDH levels
were similar to those in the serum AST levels, while the
serum LDH levels were not significantly different between
the two groups (Figure 1B).
Hepatic tissue blood flow
HTBF levels decreased after reperfusion in both groups.
HTBF in the ANP group was maintained higher compared
to the control group, although no significant differences
occurred until 120 min after reperfusion (Figure 2).
Serum TNF-α levels
The serum TNF-α levels significantly (P < 0.01) increased
0, 30, and 60 min after reperfusion compared to those
measured before ischemia in both groups, while no
www.wjgnet.com
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significant differences occurred between the two groups
until 120 min after reperfusion (Figure 3).
Expression of total and phosphorylated (active) p38
MAPKs
Typical examples and Image data are shown in Figure 4.
The densities of bands for total p38 MAPK were similar
and not statistically different between the two groups
(Figure 4A). Phosphorylated p38 MAPK expression,
which is an active form of p38 MAPK, was significantly
(P < 0.05) elevated after reperfusion compared to data
www.wjgnet.com

measured before ischemia in both groups. Phosphorylated
p38 MAPK was higher in the ANP group than in the
control group after reperfusion, and a significant (P < 0.05)
difference was seen immediately after reperfusion (0 min
after reperfusion) between the groups (Figure 4B).
Histopathologic findings
The liver tissue in the control group showed hemorrhage,
infiltration of neutrophils, and sinusoidal congestion
especially in the centrilobular region with acidophilic
change and condensation of nuclei 120 min after
reperfusion (Figure 5A). Mild microvesicular steatosis or
cytoplasmic vacuolization was also observed (Figure 5B) in
the control group. However, the infiltration of neutrophils
was milder in the ANP g roup than in the control
group (Figure 5A and C). In the ANP group, neither
microvesicular steatosis nor cytoplasmic vacuolization
was observed. Moreover, the liver tissue in the ANP
group showed almost normal trabecular arrangement of
hepatocytes and sinusoidal structure (Figure 5C).

DISCUSSION
THVE is used clinically for the resection of large and
posterior liver tumors to avoid massive hemorrhage and
air embolism[3,4,23]. The maximum duration of the tolerable
warm ischemic time was found to be 90 min in clinical
studies in humans [24]. However, animals are known to
tolerate total ischemia poorly[25]. A THVE of 30 min or
more, without a portosystemic shunt, is known to cause
severe liver damage after reperfusion, while THVE models
with the shunt are known to tolerate longer ischemic
times[18,26-28]. Nordlinger et al[29] demonstrated that a warm
THVE model with the shunt was safe and tolerated for
120 min in pigs. Therefore, an active portosystemic bypass
was initiated to avoid congestion of the portal vein and
lower body during the 120 min of total hepatic ischemia in
our study.
THVE sometimes causes serious damage such as
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hemodynamic instability and residual hepatic dysfunction
due to I/R injury[30,31], while ANP, which regulates body
fluids and blood pressure by natriuresis, diuresis, and
vasodilation and has been used clinically for the treatment
of heart failure[6-9], was recently shown to have organprotective effects against I/R injury[10-16,32]. We took notice
of the organ-protective role of ANP in I/R injury and
evaluated the effect of ANP on I/R injury in a porcine
THVE model. ANP was continuously administered at
0.1 μg/kg per min from 30 min before ischemia until
the end of the experiment. The administered dose in this
study was based on the clinical dose used in the treatment
of heart failure, and the administration timing was based
on the report that peak plasma concentrations of ANP are
reached after about 20 min and maintain a plateau state in
continuous infusion at 0.1 μg/kg per min[33].
As a result, serum AST and LDH levels, which were
associated with hepatic parenchymal injury, were lower
after reperfusion in the ANP group than in the control
group. Additionally, significant differences were observed
in the serum AST levels 60 and 120 min after reperfusion
between the two groups. HTBF levels, which were related
to hepatic sinusoidal injury, were also better maintained
in the ANP g roup than in the control g roup. The
microscopic histopathologic study showed that hepatocyte
damage was milder in the ANP group than in the control
group. Mild microvesicular steatosis or cytoplasmic
vacuolization, as an indicator of degenerative cell damage,
was observed in the control group. In addition, trabecular
arrangement of hepatocytes and sinusoidal structure
almost remained normal in the ANP group. It is often
emphasized that hepatic parenchymal cell injury results in
microcirculatory disturbance, which is caused by preceding
sinusoidal injury[34]. Our results suggest that ANP reduces
hepatic parenchymal cell injury caused by I/R injury
through amelioration of the microcirculatory disturbance
due to the inhibition of sinusoidal injury.
Some studies have explored the mechanisms behind
the organ-protective effects of ANP in I/R injury. One of
the reasons for the improvement in microcirculation is that
ANP is known to be a potent vasodilator; however, one
report found that the dose of ANP that was protective
in I/R injury was 104-fold higher than the concentration
for maximum vasodilation [35]. In our study, the serum
concentration of ANP was within the ANP dose
necessary for protection from I/R injury (data not shown).
Therefore, other mechanisms must also be involved in the
amelioration of I/R injury. The organ-protective action
of ANP in I/R injury was shown to be mediated via the
guanylate cyclase coupled A-receptor and cGMP[13-16,28].
Furthermore, ANP has been found to attenuate the
activation of the proinflammatory transcription factors
NF- k B and reduce the expression of TNF- α [16,36,37] .
Although there were no significant differences in the
serum TNF-α levels between the two groups in this study,
the serum TNF-α levels in the ANP group tended to be
lower than in the control group. Our results also suggested
that the production of TNF-α was slightly inhibited by
the administration of ANP, and agreed with the previous
studies.
However, several studies that examined the relationship

3491

between ANP and p38 MAPK activation have indicated
that protective strategies with ANP in shor t-time
hypoxia [10] and I/R injury [38-40] result in a significant
activation of p38 MAPK. Keller et al reported that
preconditioning with ANP increased p38 MAPK activity
in the liver[17]. Enhanced p38 MAPK activity was reported
to contribute to the protection against hepatic I/R injury
in models of ischemic preconditioning[38,39]. Additionally,
other studies assigned an important role to p38 MAPK in
protection against I/R injury in the heart[40,41]. Our results
also demonstrated that p38 MAPK activation was induced
to a greater extent in the ANP group. These results suggest
that p38 MAPK mediated by ANP was associated with
protective effects in I/R injury. However, the induction
of TNF gene transcription after I/R is due to the direct
activation of p38 MAPK[42]. In addition, the inhibition of
p38 MAPK ameliorated the I/R injury or endotoxic injury
of several organs[18-22] in our previous study. It has been
reported that the role of MAPK in the stress response,
either detrimental or protective, seems to depend strongly
on the system[43], experimental setup, and time dependency
of the activation [15] . The role of p38 MAPK is still
controversial and requires further study.
In conclusion, ANP was found to have a protective role
against I/R injury with p38 MAPK activation in a porcine
THVE model. Our results may have clinical applications
to liver surgery associated with vascular occlusion.
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Abstract
AIM: To investigate the effect of Platycodon grandiflorum extract (PGE) on lipid metabolism and FABP
mRNA expression in subcutaneous adipose tissue of high
fat diet-induced obese rats.
METHODS: PGE was treated to investigate the inhibitory
effect on the pre-adipocyte 3T3-L1 differentiation and
pancreatic lipase activity. Male Sprague-Dawley rats with
an average weight of 439.03 ± 7.61 g were divided into
four groups: the control groups that fed an experimental
diet alone (C and H group) and PGE treatment groups
that administered PGE along with a control diet or HFD
at a concentration of 150 mg/kg body weight (C + PGE
and H + PGE group, respectively) for 7 wk. Plasma total
cholesterol (TC) and triglycerol (TG) concentrations were
measured from the tail vein of rats. Adipocyte cell area
was measured from subcutaneous adipose tissue and
the fatty acid binding protein (FABP) mRNA expression
was analyzed by northern blot analysis.
RESULTS: PGE treatment inhibited 3T3-L1 pre-adipocyte
differentiation and fat accumulation, and also decreased
pancreatic lipase activity. In this experiment, PGE
significantly reduced plasma TC and TG concentrations
as well as body weight and subcutaneous adipose tissue
weight. PGE also significantly decreased the size of
subcutaneous adipocytes. Furthermore, it significantly
repressed the up-regulation of FABP mRNA expression
induced by a high-fat feeding in subcutaneous adipose
tissue.
CONCLUSION: PGE has a plasma lipid lowering-effect
and anti-obesity effect in obese rats fed a high fat diet.

From these results, we can suggest the possibility that
PGE can be used as a food ingredient or drug component
to therapeutically control obesity.
© 2007 WJG . All rights reserved.

Key words: Obesity; High fat diet; Platycodon grandiflorum extract; Fatty acid binding protein; Subcutaneous
adipose tissue
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INTRODUCTION
Obesity accelerates the accumulation of excessive fat,
which can cause additional metabolic diseases such as
fatty liver, hyperlipidemia, hypertension, arteriosclerosis,
and diabetes[1-4]. To treat and control obesity, besides diet
therapy and exercise, many different approaches such
as drugs for weight loss or loss of appetite and food
supplements are suggested to date. However, some of
them have been reported to have serious side effects
like vomiting, headache, stomach-ache and heart attack.
Oriental medicinal herb extracts have been reported
to be useful for the control of blood pressure, glucose
concentration and hyperlipidemia with less significant side
effects[3,4]. However, the majority of these herb extracts
have yet to be scientifically or medically evaluated[5].
In line with this, we used oriental medicinal herbs that
had been expected to have a lipid lowering effect based on
the previous reports[6,7].
Platycodon grandiflorum is a perennial plant of the
Campanulaceae family containing triterpenoid saponin,
carbohydrates, and fibers. Platycodon grandiflorum is an
oriental herb known to improve insulin resistance and
the lipid profile in rats with diet-induced obesity [8-10].
Many previous studies have reported the lipid-lowering
activity of Platycodon grandiflorum in serum and liver, and
the fibers in Platycodon grandiflorum inhibited the progress
of atherosclerosis by reducing cholesterol levels in rats.
Regarding the mechanism of the lipid lowering effect
www.wjgnet.com
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of Platycodon grandiflorum, there is a report that saponin, a
major component of Platycodon grandiflorum reduced serum
cholesterol concentration by inhibiting the reuptake of bile
acids in the intestine and increasing fecal excretion[5,11-13].
Considering the above reports, dietary Platycodon grandiflorum
may be useful in the prevention and improvement of
metabolic disorders such as NIDDM, syndrome X,
and coronary artery disease, hypercholesterolemia and
hyperlipidemia [6,7] . We also previously reported the
effect of PGE on FABP expression along with dietary
conversion from a long-term high fat diet to a normal
control diet in obese rats[14].
Long-term intake of a high fat diet could alter the
expression of genes governing lipid metabolism including
fatty acid metabolism, and increase FABPs expression in
the liver, heart, intestine and adipose tissues. One of the
FABPs, also known as adipocyte lipid-binding protein (aP2),
belongs to a family of intracellular lipid-binding proteins
involved in the transport and storage of lipids[15], that are
14-15 kDa cytosolic fatty acid binding proteins (FABPs),
and are expressed in a highly tissue specific manner[16].
FABP has been proposed to be involved in intracellular
trafficking and utilization and storage of long chain fatty
acids. Its expression is modulated by developmental,
hormonal, pharmacological and dietary factors.
Adipocyte FABP content was increased by a high
fat diet, indicating that the high fat diet increased the
need for the oxidation of fatty acids and utilization in
hepatocyte[17-19].
Although the lipid lowering effect of PGE in treating
and preventing obesity has been reported, its underlying
molecular mechanism has not been completely elucidated
yet. Thus, in this study, we tried to investigate the
molecular mechanism of PGE by examining its effect on
FABP mRNA expression in white adipose tissue of obese
rats.

MATERIALS AND METHODS
Materials
Trizol reagent was obtained from GIBCO BRL (Invitrogen,
Carlsbad, CA). All other chemicals and reagents, unless
noted otherwise, were obtained from Sigma (St. Louis,
MO). All the chemicals were of reagent grade. Laboratory
diet components were purchased from CLEA Japan (Osaka
Japan).
Preparation and oral administration of Platycodon
grandiflorum extract
Platycodon grandiflorum, the oriental medicinal herb used in
this experiment was approved as an ingredient in food
and has been used in oriental medicine for the treatment
of obesity in Korea. Platycodon grandiflorum was obtained
from products of Yeongcheon-gun, Gyeongsangbuk-do,
Korea. Platycodon grandiflorum was extracted in 5 volumes
of distilled water for 2 h. The extract was collected and
concentrated by vacuum evaporator (Buchi Rotavapor
R-114, Switzerland) then freeze-dried for use in this
experiment.
In vitro pancreatic lipase activity
Pancreatic lipase activity in the porcine pancreas was
www.wjgnet.com
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determined by measuring the rate of release of oleic
acid from triolein, as previously reported [5]. Briefly, a
suspension of triolein (80 mg), phosphatidylcholine (10
mg) and taurocholic acid (5 mg) in 9 mL of 0.1 mol/L
N-tris (hydroxymethyl) methyl-2-aminoethanesulfonic acid
buffer (pH 7.0) containing 0.1 mol/L NaCl was sonicated
for 5 min. This sonicated substrate suspension (0.1 mL)
was incubated with 0.05 mL (10 U) of pancreatic lipase
and 0.1 mL of various concentrations of PGE (for 30 min
at 37℃ in a final volume of 0.25 mL). The amount of oleic
acid released was determined by the spectrophotometric
method[5].
3T3-L1 preadipocyte culture and differentiation and Oil
Red O staining
3T3-L1 preadipocytes were cultured and differentiated
as previously described[20]. In short, cells were cultured in
Dulbecco's modified Eagle's medium (DMEM) containing
10% fetal bovine ser um (FBS) in 5% CO 2 at 37℃.
Two days after complete confluence was reached (d 0),
differentiation was induced by changing the medium to
DMEM containing 10% FBS plus 0.5 mmol/L 3-isobutyl1-methylxanthine (MIX) (Sigma), 1 mg/mL insulin (Sigma)
and 1 mmol/L dexamethasone (DEX) (Sigma). After
48 h (d 2), the medium was replaced with DMEM
containing 10% FBS plus 1 mg/mL insulin. On d 4, the
medium was replaced with DMEM containing only 10%
FBS, this step was repeated every 2 d thereafter, until d 9.
Differentiation was assessed by morphological changes
and Oil red O staining method[20].
Experimental animals
The animals used in this study were 7-wk-old male
Sprague-Dawley rats (Charles River Diagnostics,
Wilmington, MA) with an average body weight of 439.03
± 7.01 g. The animals were housed two per metabolic cage
and maintained with regular feeding every day during the
experimental period. The animal room was maintained
at 22 ± 2℃. Room lighting consisted of 12 h periods of
light and dark. The diet and water were given ad libitum.
After one week of adaptation, the experimental diets
were given for 7 wk along with the oral administration of
PGE. Body weight was measured every week. Blood was
collected from the tail vein at the start and the end of the
experiment. Food intake was measured every other day
during the experimental period, the food efficiency ratio
(FER) was calculated by the average value of food intake
each group.
All the animal experimental procedures were conducted
in accordance with guidelines from the Korean National
Health Institute of Health Animal Facility.
Experimental diet and group design
The experimental diet was prepared based on AIN-93[21].
The control diet generated 11.7% of its total energy from
fat. The high fat diet, in which corn oil and some portion
of the corn starch in the control diet were replaced by
lard, generated 59.8% of its total energy from fat. The
experimental groups in this study were divided into four
groups: the control (C and H groups) and PGE treatment
groups that were administered PGE along with a control
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Table 2 Inhibitory effect of PGE on pancreatic lipase activity in

Table 1 Composition of experimental diets
Control diet (%)
Casein
Sucrose
Corn starch
Lard (80% contained)
Corn oil
Cellulose
Vitamin Mix
Mineral Mix
Choline bitartarate
DL-Methionine
Energy (Kcal/100 g)
Energy from fat (%)

16
10
59
5
5
1
3.5
0.2
0.3
385
11.7

3495

vitro (mean ± SE)
HFD (%)
15
10
31
37
2
1
3.5
0.2
0.3
557
59.7

or high fat diet (H) at a concentration of 150 mg/kg body
weight (C + PGE and H + PGE group, respectively) for
7 wk. C and H represented the control diet containing
nor mal fat and high fat diet containing 30% lard,
respectively. The composition of the experimental diet is
shown in Table 1.
Blood collection and biochemical analysis
At the end of the experiment, the food was removed and
experiments were performed between 9 AM and 12 PM.
The rats were anesthetized with intraperitoneal injection
of pentobarbital (60 mg/kg body weight). Blood samples
were obtained from the tail vein of rats at the start and
end of the experiment. Blood samples were rapidly
centrifuged at 3000 × g for 15 min, at 4℃ and plasma was
obtained and stored at -70℃ before analysis. TC and TG
concentrations were determined by a spectrophotometric
method of a diagnostic kit from Sigma as previously
described[22].
Adipose tissue weight, fat cell number and area
Subcutaneous adipose tissue was removed from rats and
weighed. The samples were frozen in liquid nitrogen
and stored at -70℃. For adipocyte staining, frozen
subcutaneous adipose tissue was serially sliced at a
thickness of 20 μm using a freezing microtome (Cryostat,
Leica Microsystems, Nussloch GmbH, Switzerland). The
samples were stained with Mayer's hematoxylin and its
area was measured by using light microscopy and an image
analysis program.
Northern Blot analysis for FABP and adipogenic gene
expression in subcutaneous adipose tissue
Total cellular RNA from homog enates of frozen
subcutaneous adipose tissue was isolated using Trizol
reagents, quantified by UV spectrophotometry, and
stored at -70℃ prior to use. Total RNA (15 μ g) was
electrophoresed on 1% (w/v) agarose gel and transferred
to a Nylon membrane (BioRad, Hercules, CA). The cDNA
fragments were prepared by PCR using specific primers.
The primer pairs for PCR were as follows: for FABP (420
bp), forward 5'-AGA ACC ACA CGG CTA CCA TGC
T-3', reverse 5'-TGT GTC CAT CAG CTC CAG TTG
C-3'; for leptin (162 bp), forward 5'-CAG GGA GGA

Platycodon grandiflorun extract
concentration (mg/mL)
0
0.01
0.1
1
10

Pancreatic lipase
activity (% of control)
100 ± 1.0a
87.80 ± 1.08a
85.38 ± 4.14a
70.92 ± 1.59a
52.30 ± 3.21a

AAA TGT GCT GGA G, reverse 5'-CCG ACT GCG
TGT GTG AAA TGT C and for LPL (198 bp), forward
5'-AGG GCT CTG CCT GAG TTG TA, reverse 5'-AGA
AAT TTC GAA GGC CTG GT. The amplification of
actin cDNA fragments (500 bp) was performed in a
separate tube to enable semi-quantitative normalization
using the following primers: forward 5'-ACC ACA GTC
CAT GCC ATC AC-3', reverse 5'-TCC ACC ACC TGT
TGC TGT A-3'. The PCR products were separated on
1% agarose gel, eluted and used for the hybridization
probe. The probe (25 ng) was labeled with [α32P]dCTP
(50 μ Ci) using a Random-primed DNA Labeling Kit
(TAKARA Shuzo Co., Ltd.). Electroblotted RNA on a
nylon membrane was hybridized with the labeled cDNA
fragment at 65℃ for 16 h. Hybridized bands were
quantified using the Image Analyzing Device (Vilber
Lourmat, France) and the bands of the images were
analyzed with densitometer software (Molecular Dynamics
Image Quant Version 3.3).
Statistical analysis
Statistical analysis for the experimental results were
performed using SPSS (Version 11.0) program and all
measurements were expressed as mean ± SE. Statistically
significant differences between the groups were found
using one way-ANOVA[23]. Duncan's multiple-range test
was then performed on the analyzed values to identify
significant differences between the average values of each
treatment group. P < 0.05 was considered statistically
significant.

RESULTS
Pancreatic lipase activity
The PGE significantly inhibited the pancreatic
lipase activity in a dose dependent manner, PGE (10
mg/mL) treatment dropped the pancreatic lipase activity
approximately in half (Table 2).
Inhibition effect of PGE on 3T3-L1 adipocyte differentiation
When differentiating adipocytes were stained with the
fat-specific Oil Red O at d 13, a fully differentiated state,
there was a significant difference between PGE treated
(Figure 1B) and non-treated control cells (Figure 1A). The
result of Oil Red O quantification showed PGE treatment
decreased lipid accumulation. At 50 mg/mL concentration,
lipid accumulation was decreased to approximately
10% compared to the PGE non-treated control group
(Figure 1C).
www.wjgnet.com
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Figure 1 PGE inhibited preadipocyte differentiation in a dose-dependent manner.
Fully differentiated 3T3-L1 cells both non-treated (A) and treated (B) with PGE
were stained with Oil red O staining solution. The absorbencies at 510 nm from
3T3-L1 cells treated with various concentrations of PGE (C).

Body weight gain and energy intake
Figure 2A and B showed the changes in body weight of
the control group (C) and the high-fat diet group (H),
throughout the experimental period. The % changes in
body weight were given in relation to the initial weight at
wk 0. There were no significant differences in the average
initial body weight among the groups. At the beginning of
the experiment, the average body weight of the 7-wk oldrats were 439.03 ± 7.61 g and significantly increased to
516.19 ± 5.98 g after 7 wk of feeding a control diet. In the
control diet groups, no significant effect was observed for
PGE in reducing body weight. However, PGE treatment
made a significant difference in the high fat diet groups.
This was significantly inhibited by oral administration of
PGE indicating it could give a beneficial effect on body
weight reduction in the H groups.
Food intake was also higher in the H group than in
the C group. When PGE was administered orally for 7 wk
along with a high fat diet, the reduction in food intake was
www.wjgnet.com
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Figure 2 Effects of PGE on body weight of rats fed experimental diet for 7 wk. C:
Control normal fat diet group (n = 10); H : 30% lard containing high fat diet group
(n = 10); C + PGE : Control rats orally administered 150 mg/100 g body weight of
Platycodon grandiflorum extract (PGE) group (n = 10); H + PGE: High fat feeding
with administered PGE orally at the concentration of 150 mg/100 g body weight
group (n = 10). Values are mean ± SE. They were compared using the ANOVA
and post Tukey test. P < 0.05 was considered statistically significant.

comparable to that of the C group (P < 0.05). The food
intake ratio (food efficiency ratio, FER) showed a similar
pattern as that of the food intake (Figure 2 C and D).
Adipose tissue weight, cell area
Subcutaneous adipose tissue weight was significantly
higher in the H group than in the C group (5.92 ± 1.77
vs 3.81 ± 0.58). PGE also significantly decreased the
subcutaneous adipose tissue weight in the H group,
comparable to that of the C group (Figure 3A). This
effect indicated that the administration of PGE was
important in adipose tissue weight reduction as well as in
body weight.
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Figure 4 Effects of PGE on the plasma TC and TG concentrations of obese rats. C:
Control normal fat diet group (n = 10); H: 30% lard containing high fat diet group
(n = 10); C + PGE: Control rats orally administered 150 mg/100 g body weight of
PGE group (n = 10); H + PGE: High fat feeding with administered PGE orally at
the concentration of 150 mg/100 g body weight group (n = 10). Values are mean
± SE. They were compared using the ANOVA and post Tukey test. P < 0.05 was
considered statistically significant.
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C
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Figure 3 Effects of PGE on subcutaneous adipose tissue weight and adipocyte
cell area. At the end of experiment, all the animals were sacrificed and
subcutaneous adipose tissue was isolated, weighed (A), cryosectioned (B), and
fat cell area was measured (C). C: The control normal fat diet group (n = 10);
H: 30% lard containing high fat diet group (n = 10); C + PGE: Control rat orally
administered 150 mg/100 g body weight of Platycodon grandiflorum extract (PGE)
group (n = 10); H + PGE: High fat feeding with orally administered PGE at the
concentration of 150 mg/100 g body weight group (n = 10). Values are mean ±
SE. They were compared using the ANOVA and post Tukey test. P < 0.05 was
considered statistically significant.

The subcutaneous adipocyte size of each group was
shown in Figure 3 B and C. The size of adipocytes in the
H group was significantly larger than those of the C group.
When rats were fed a high fat diet and administered PGE (H
+ PGE group), the size of the adipocytes was significantly
decreased compared to those of the control diet group (C
+ PGE group).
Plasma TC and TG concentrations
Plasma TC concentration at 7 wk in the C and H groups
were 189.05 ± 51.54 mg/mL and 294.44 ± 53.5 mg/mL,
respectively. Plasma TG concentration at 7 wk in the C and
H groups were 54.77 ± 11.55 mg/mL and 78.25 ± 10.95
mg/mL, respectively (Figure 4). PGE treatment showed
significant plasma lipid lowering effect in the H group (H
+ PGE groups, P < 0.05).

FABP and adipogeneic gene expressions in subcutaneous
adipose tissue
In the H group, FABP gene expression in subcutaneous
adipose tissue was significantly increased approximately
290% as compared to the C group (Figure 5). This
HFD induced FABP mRNA up-regulation was reduced
significantly by administration of PGE (P< 0.05).
However, there was no significant difference in C
groups (C and C + PGE group). Although the mRNA
expressions of leptin and LPL (lipoprotein lipase), a well
known adipocytokine and major enzyme of lipoprotein
metabolism respectively, were also significantly increased
in the H group, no significant effect of PGE on their gene
expressions was observed.

DISCUSSION
In the present study, we tried to investigate the effect of
Platycodon grandiflorum on diet-induced obesity improvement
and treatment and its underlying mechanism. PGE
treatment inhibited 3T3-L1 pre-adipocyte differentiation
and fat accumulation, and also decreased pancreatic
lipase activity. Thus, we speculate that PGE exerts a lipid
lowering effect via inhibition of pancreatic lipase activity
resulting in lowered lipolysis and small intestinal absorption
of dietary fat. During the digestion process dietary fat is
hydrolyzed by pancreatic lipase. The two main products
formed by the hydrolysis of pancreatic lipase are fatty
acid and 2-monoacylglycerols. These lipolytic products are
mixed with bile salts, dispersed as micelles and carried to
the site of fat absorption. Lipid absorption takes place in
the apical part of the plasma membrane of epithelial cells
www.wjgnet.com
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Figure 5 FABP and other adipogeneic marker gene expressions in subcutaneous
adipose tissue. The total RNA in subcutaneous adipose tissue was isolated with
Trizol reagent and 10 mg of RNA was used for Northern hybridization. C: Control
normal fat diet group (n = 10); H: 30% lard containing high fat diet group (n = 10);
C + PGE: Control rats orally administered 150 mg/100 g body weight of PGE
group (n = 10); H + PGE: High fat feeding with simultaneously administered PGE
orally at the concentration of 150 mg/100 g body weight group (n = 10). Values are
mean ± SE. They were compared using the ANOVA and post Tukey test. P < 0.05
was considered statistically significant.

or enterocytes lining the gut[24,25]. In the process of lipid
absorption, FABP regulates free fatty acid absorption,
transport, storage. We also performed an animal study to
confirm its effect in vivo using the concentration (150 mg/
kg body weight/day) which was within the range approved
by Korea Food and Drug Administration (KFDA) as a
food ingredient for human.
In a long-term (7-wk) experiment, the administration
of PGE also induced remarkable effects on lipid
metabolism via lowering pancreatic lipase activity and
adipocyte size reduction, which resulted in suppression
of obesity development accompanied by significant
differences in energy consumption. A previous report[7]
demonstrated that high fat diet induced obese SpragueDawley rats fed Platycodin saponin (PS) for 4 wk were
highly correlated to the food intake restriction as well as
body weight reduction. In our experiment, we could also
show a significant co-relation between food intake and
weight loss by statistical analysis (data not shown). From
these results, we could predict that PGE contained lots
of saponins, the major component of the PG, which
induced food intake reduction followed by weight loss and
adipocyte size reduction.
Serum lipid concentration was also significantly
increased in the H group agreeing with other previous
studies which reported that serum lipid concentrations
were improved with the administration of oriental herbs
containing large amounts of saponin, a major component
of Platycodon grandiflorum[8-13] and our previous report[14].
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From our results, PGE triggered a significant reduction
of FABP mRNA expression in subcutaneous adipose
tissue, which was highly correlated to the body weight
loss. These results indicate that the oral administration of
PGE not only helps to suppress the accumulation of body
fat but also helps to degrade accumulated fats. Adipose
tissue, which stores the largest amount of energy from
fat of any tissue in the body, also plays a central role in
regulating fatty acid metabolism. While the immediate
use of dietary nutrients and stored hepatic energy source,
such as glycogen is required to satisfy short-term need,
adipocytes have evolved to maintain stores of TG for the
long-term energy requirements of the body. The release of
fatty acid shows regional variation and is known to depend
on the FABP regulation. Adipocyte FABP expression also
displays regional variations[19,26-28]. Fatty acid utilization
and metabolism are regulated by specific proteins. The
cellular uptake of long chain fatty acids for oxidation is
activated by membrane bound proteins, including fatty
acid translocase (FAT/CD36)[29], plasma membrane fatty
acid binding protein (FABP pm)[30], and the FA transport
proteins[24,31-32]. In clinical study, mature adipocytes showed
up-regulation of genes involved in lipid metabolism,
such as fatty acid binding protein (FABP), adipocyte
differentiation-related protein, LPL, perilipin. Damcott
et al[27] reported that variation in the FABP promoter altered
transcriptional activity and was associated with body
composition and plasma lipid levels in human. However,
there is little report on the expression and regulation of
FABP in obese rats, let alone the effect of PGE.
Thus, we tried to evaluate the effect of Platycodon
grandiflorum on FABP expression of subcutaneous adipose
tissue in obese rats. In the H group, mRNA expression
of Leptin, a well known adipocytokine, was significantly
increased as expected, but PGE failed to suppress this
increase. For FABP, another major target of this study,
one previous study[18] reported that FABP alteration by
long-term high fat feeding could modify body weight
changes and lead to alterations in body composition and
lipid metabolism. However, relatively little information
was available regarding the role of FABP in white adipose
tissue (WAT). Hence, further study was needed to elucidate
the detailed mechanism of adipocyte FABP regulation.
The expression level of FABP was increased during the
process of adipocyte differentiation or induced obesity.
But there was no further increase after the complete
differentiation of adipocytes or complete development of
obesity[18,33]. Based on these results and previous reports[14],
we propose that FABP is one of the main proteins
regulating obesity development, and consequently, it is
highly probable to treat or improve obesity by using the
substances that reduce FABP expression such as Platycodon
grandiflorum. The use of this PGE for the treatment and
improvement of obesity could be further validated by
studying its mechanisms in detail.
In conclusion, PGE has the potential to be used
clinically as an ingredient of food or drug effective in
obesity treatments by reducing plasma lipid concentration
via fatty acid utilization without any serious side effects.
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Abstract
AIM: To develop and characterize a practical model of
Hepatopulmonary syndrome (HPS) in rats.
METHODS: The experimental animals were randomized
into five feeding groups: (1) control (fed standard
diet), (2) control plus intraperitoneal injection with
lipopolysaccharide (LPS), (3) cirrhosis (fed a diet of maize
flour, lard, cholesterol, and alcohol plus subcutaneously
injection with carbon tetrachloride (CCl4) oil solution), (4)
cirrhosis plus LPS, and (5) cirrhosis plus glycine and LPS.
The blood, liver and lung tissues of rats were sampled for
analysis and characterization. Technetium 99m-labeled
macroaggregated albumin (Tc99m-MAA) was used to
test the dilatation of pulmonary microvasculature.
RESULTS: Typical cirrhosis and subsequent hepatopulmonary syndrome was observed in the cirrhosis
groups after an 8 wk feeding period. In rats with
cirrhosis, there were a decreased PaO2 and PaCO2 in
arterial blood, markedly decreased arterial O2 content,
a significantly increased alveolar to arterial oxygen
gradient, an increased number of bacterial translocated
within mesenteric lymph node, a significant higher level
of LPS and tumor necrosis factor-α (TNF-α) in plasma,
and a significant greater ratio of Tc99m-MAA brain-overlung radioactivity. After LPS administration in rats with
www.wjgnet.com

cirrhosis, various pathological parameters got worse and
pulmonary edema formed. The predisposition of glycine
antagonized the effects of LPS and significantly alleviated
various pathological alterations.
CONCLUSION: The results suggest that: (1) a characteristic rat model of HPS can be non-invasively induced
by multiple pathogenic factors including high fat diet,
alcohol, cholesterol and CCl4; (2) this model can be used
for study of hepatopulmonary syndrome and is clinically
relevant; and (3) intestinal endotoxemia (IETM) and its
accompanying cytokines, such as TNF-α, exert a crucial
role in the pathogenesis of HPS in this model.
© 2007 WJG . All rights reserved.
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INTRODUCTION
In the physiological situation, endotoxin, derived
from gram-negative bacteria in the intestinal lumen, is
continuously released. But no distinct pathogenic effect
is exhibited, because only a small portion of endotoxin
from the intestine is absorbed into the portal circulation
and delivered to the liver, where the endotoxin is quickly
cleared by intrahepatic Kupffer cells. On the contrary, in
liver disease, particularly in liver failure, a large amount
of endotoxin from the intestine reaches the portal
blood or flows into systemic circulation directly through
shunting of portal blood away from the liver due to
bacterial overgrowth in the intestinal lumen and enhanced
permeability of enteric mucosa, impaired phagocytic
capacity of Kupffer cells that fail to uptake and clear
endotoxin, increased levels of bile acid and bilirubin in
plasma which inhibit the phagocytosis of Kupffer cells,
and absence of bile salt in the intestinal lumen which
favor gram-negative bacterial overgrowth and endotoxin
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production. As a result, there is an abnormal increased
level of endotoxin in systemic blood in the end in patients
with liver disease, which is named intestinal endotoxemia
(IETM) and can lead to various pathological complications.
In the liver, endotoxin acts upon Kupffer cells by
way of specific receptors and nonspecific membraneconjoint fashion. Of these, a principal fashion is to
activate intracellular signaling pathways, thereby releasing
a variety of cytokines and other bioactive mediators. The
latter will produce a massive biologic effect and participate
in hepatic multiple pathophysiologic courses inducing
and aggravating liver injury and further promoting liver
failure. In the last 20 years, Han et al[1,2] have conducted
sequential experimental studies and clinical investigations
and documented that IETM exists in various types
of cirrhosis and is pathophysiologically associated
with multiple features of liver failure, for example,
hepatorenal syndrome and hepatic encephalopathy[3-10].
Hepatopulmonary syndrome (HPS) is also associated with
endotoxin[11]. Clinically, HPS is recognized in as many as
15%-20% of patients undergoing evaluation for orthotopic
liver transplantation[12] and is found most commonly in
the setting of cirrhosis and appears to occur across the
spectrum of etiologies of liver disease[13-15]. The presence
of HPS increases mortality in the setting of cirrhosis and
may influence the frequency and severity of complications
of portal hypertension[16]. But it remains to be determined
whether IETM plays a direct role in the pathogenesis of
HPS which is the triad of basic liver disease, dilatation
of pulmonary vasculature, and hypoxemia[17-22]. Few data
are available on the pathogenesis of HPS in experimental
animals and patients with liver diseases. Moreover, models
for HPS that are developed non-invasively and reflect
real clinical causes of liver disease such as high fat diets,
toxins, and alcohol are missing. So, the goal of the present
study is to establish a practical model of hepatopulmonary
syndrome (HPS) in rats and to characterize its fundamental
pathogenesis. Our results suggest that rats with cirrhosis
induced by multiple pathog enic factors for 8 wk
spontaneously develop hepatopulmonary syndrome which
is associated with IETM.

MATERIALS AND METHODS
Animal and reagents
Male Wister rats, weighing 230-280 g obtained from
the Animal Center of Shanxi Medical University, were
employed. All animals received care during the study,
under a protocol that was in accordance with institutional
guidelines for animal research and was approved by the
Ethical and Research Committee of the Shanxi Medical
University. Lipopolysaccharide (LPS, from Escherichia
coli stereotype 0111:B4) was purchased from Sigma (St
Louis, Missouri, USA). TNF-α radioimmunoassay kits
were provided by the Radioimmunity Institute of PLA
General Hospital. Limulus amebocyte lysate (LAL) reagent,
for determination of LPS in plasma, was obtained from
Shanghai Yi Hua Scientific, Inc. CCl4 oil solution was from
TIANJIN KE SAI OU Science and Technology Company,
LTD (Tianjin, China). Cholesterol was from TIANJIN
Chemical Reagent Company (Tianjin, China). All reagents
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used in the present study were at analytical grade.
Induction of cirrhosis
The experimental animals were randomized into five
groups (6 animals per group): (1) control (fed standard diet
from Animal Center of Shanxi Medical University, China),
(2) control plus lipopolysaccharide (LPS), (3) cirrhosis, (4)
cirrhosis plus LPS, and (5) cirrhosis plus glycine and LPS.
Animals in the cirrhosis group were fed a mixture of maize
flour, lard, cholesterol, and alcohol plus subcutaneously
injection with carbon tetrachloride (CCl4) oil solution for
8 wk[23]. The CCl4 oil solution (400 g/L) was injected at 0.5
mL/100 g body weight at the first day of experiment and
at 0.3 mL/100 g body weight from the third day on at an
interval of two days until the experimental end. Lard was
used only in the first two weeks accounting for 20% of the
feed. Cholesterol was appended at 0.5% of feed for the
whole experiment. Alcohol was used in the drinking water
exclusively (300 mL/L) during the whole experiment. LPS
(3 µg/g body weight) was administrated with an intraperitoneal injection at the end of the 8 th wk. Glycine
(1 g/rat) was administrated by gavage 4 h before LPS
administration in the cirrhotic rats. Glycine is an antagonist
towards LPS which has been demonstrated. The purpose
of additional LPS and glycine is to consolidate the effect
of IETM in the pathogenesis of HPS. The normal control
animals had free access to the standard food and water.
The blood, liver and lung tissues of rats were sampled 3 h
after LPS treatments.
Analysis of blood gas
The rats were fasted overnight before sacrificing for
samples. The blood from the coeliac artery of various
animals was aseptically collected for gas analysis.
Measurements of LPS, TNF-α, ALT, AST, TB, Hyp levels
and PVP
The contents of LPS, TNF-α, alanine transferase (ALT),
aspartate transaminase (AST) and total bilirubin (TB) in
plasma were measured according to the manufacture's
instructions. Hydroxyproline (or Hyp) in liver tissue
was determined employing chloramines T method [24].
The technique of simple water column was used for
examination of portal vein pressure (PVP).
Histology and pulmonary coefficient
Samples from lung and liver were collected into 100 g/L
phosphate buffered formaldehyde and fixed overnight.
Serial 4 μm thick sections were prepared after the samples
were dehydrated in graded ethanol solutions, cleared in
chloroform, and embedded in Paraplast. Staining was
performed with hematoxylin and eosin (HE) and studied
under light microscopy in a blind fashion.
For transmission electron microscopy (TEM), a
pulmonary sample was prepared as described in the
product literature (Technical Bulletins 405 and 406,
Electron Microscopy Sciences, Hatfield, PA).
The weight of wet lungs (gram, g) and body (kilogram,
kg) of animals were recorded and pulmonary filtration
coefficient was calculated as a ratio of the whole wet lungs
weight (g) to body weight (kg).
www.wjgnet.com
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Table 1 Changes of hepatic function in rats (mean ± SD, n = 6)
Group

ALT
(U/L)

AST
(U/L)

TB
(mmol/L)

Hyp
(mg/g)

July 7, 2007

Volume 13

Number 25

A

PVP
(H2O cm)

Control 37.24 ± 6.96
68.68 ± 13.36 8.15 ± 1.70 0.60 ± 0.07 10.31 ± 1.16
Cirrhosis 84.12 ± 13.14a 186.23 ± 31.83a 40.25 ± 3.21a 2.08 ± 0.09a 18.38 ± 2.53a
a

P < 0.01 vs normal control.

Bacterial translocation
The rats were anesthetized, and the abdominal skins were
shaved and sterilized with an iodine solution. Mesenteric
lymph nodes were dissected aseptically and crushed and
plated onto chocolate agar plates containing blood, and
were incubated at 37℃ for 24 h. The number of colony
forming units was counted (less than 20 colonies for minor
colonies, 20-50 for middle colonies, more than 50 for
major colonies) and Gram-dying at this time in cirrhosis
was compared with normal controls[25].
Intrapulmonary vascular dilatations
The technetium 99m-labeled macroaggregated albumin
(Tc99m-MAA) was used to prove the dilatation of
pulmonary microvasculature[26]. Animals in four groups
except the cirrhosis + glycine + LPS group were tested.
Thirty minutes after the injection of 200 μCi of 99mTclabeled albumin macroaggregates into the tail vein of
experimental rats, the brain and lung radioactivity was scanned
and ratio of brain-over-lung radioactivity was calculated.
Statistical analysis
Data were evaluated using analysis of variance and multiple
comparisons and correlation between groups with SPSS
software. All values are reported as means ± SD. P values
of less than 0.05 were considered statistically significant.

RESULTS
Animal behavior
During the whole experiment, a soft, sparse, ruffled, lackluster fur covering the bodies of animals was found and a
low spirit, fatigue, unappetizing, gradually decreased body
weight were displayed in rats with cirrhosis. The mortality
of cirrhotic animals accounts for approximately 20 per
cent (14/70).
Abnormal hepatic function and histology
At the end of the 8 th wk, the levels of AST, ALT, TB
in plasma, hydroxyproline in hepatic tissues, and portal
vein pressure (PVP) were significantly greater in rats with
cirrhosis than in those of controls (Table 1).
Characteristically, the hepatic destructive architecture
by fibrous septa that encompass regenerative nodules
of hepatocytes and the formation of false lobules were
histopathologically observed (Figure 1).
Disturbance of blood gas
In the rats with cirrhosis, pH was normal, partial pressures
of O2 and CO2 in arterial blood (PaO2, PaCO2) were lower,
arterial oxygen content (O2 cont) was markedly fallen; the
alveolar to arterial oxygen gradient was sharply widened.
www.wjgnet.com
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Figure 1 Histology of rat liver. Panel A: normal liver structure showing normal
sinusoids and cord located around central vein (HE, × 400); Panel B: typical liver
cirrhosis with regenerative nodules of hepatocytes separated by fibrous septa
(HE, × 40).

After administrating an extra LPS to the cirrhotic rats,
respiratory defects above got worse. The predisposition of
glycine alleviated various pathological features (Table 2).
There was a close correlation between decreased O2 content
and increased plasma LPS (Table 3).
Abnormal pulmonary morphology
Histopathologic studies showed massive accumulation of
giant macrophages in the alveolar spaces and its wall, and
widened alveolar wall architecture in which enlarged blood
vessel cavity and increased numbers of blood capillaries
(normal control 5.25 ± 1.22, cirrhosis 8.28 ± 1.24, P <
0.05) were observed in cirrhotic rats. After administrating
an extra LPS, alveoli wall further widened with decreased
density of cells and narrowed alveoli space, integrity of
typeⅠcell membrane destructed with discontinued zigzag
lesion, taken together with infiltration of polymorphs
and fibrinous exudates, indicating interstitial pulmonary
edema and inflammatory reaction. There was severe
stasis of blood in alveoli walls and in numerous red
cells extravasated airspace, indicating the widespread
dilatation of alveolar capillaries and the augmentation
of permeability of microvasculature. However, when
normal rats were administered an extra LPS, only a mild
pathological change was observed. The predisposition
of glycine could alleviate above-mentioned various
pathological features (Figure 2).
Pulmonary coefficient
Pulmonary filtration coefficient is a reliable index reflecting
whether pulmonary edema exists. A normal pulmonary

Zhang HY et al . A new model of hepatopulmonary syndrome
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Table 2 Analysis of blood gas in rats (mean ± SD)
Groups

n

pH

PaCO2 (mmHg)

PaO2 (mmHg)

Normal control
Normal + LPS
Cirrhosis
Cirrhosis + LPS
Cirrhosis + Glycine + LPS

8
7
7
6
6

7.38 ± 0.03
7.31 ± 0.02
7.34 ± 0.14
7.32 ± 0.04
7.31 ± 0.10

33.94 ± 4.21
28.13 ± 2.56
28.76 ± 5.57
24.98 ± 8.69
33.25 ± 5.10

94.71 ± 13.72
117.51 ± 22.30
88.87 ± 28.46
112.55 ± 24.02
110.40 ± 12.71

O2 cont (mL/dL)
20.40 ± 0.32
20.63 ± 0.34
19.80 ± 1.1a
20.58 ± 0.27
20.60 ± 0.14

AaDO2 (mmHg)
3.44 ± 3.26
4.60 ± 2.24
9.90 ± 2.08c
18.48 ± 7.86c,e
-

P < 0.05 vs other groups; cP < 0.05 vs normal control; eP < 0.05 vs cirrhosis group.

a

Table 4 Changes of pulmonary coefficient in rats (mean ± SD,

Table 3 Analysis of correlation

n = 6)

PAIRS

n

r

P value

Plasma LPS-Plasma TNF-α
Plasma LPS-O2 content
Plasma LPS-Tc99MAA
Plasma TNF-α-Tc99MAA

30
30
20
20

0.443
0.47
0.505
0.475

< 0.01
< 0.05
< 0.05
< 0.05

A

Groups

Pulmonary coefficient

Normal control
Normal + LPS
Cirrhosis
Cirrhosis + LPS
Cirrhosis + Glycine + LPS

7.3489 ± 0.8225
7.9728 ± 0.9203
7.5992 ± 0.7960
10.8895 ± 4.6496a
8.5914 ± 0.1875

a

P < 0.01 vs normal control.

Table 5 Bacterial translocation of mesenteric lymph node in
rats (n = 5)
Groups
Normal control
Cirrhosis

Minor clony

Major clony

5
2

0
3

Gram reaction: gram-negative predominantly.

B

bacterial translocation occurs by calculation of colony
numbers of bacteria in the mesenteric lymph node so as
to further judge the presence of blood bacteremia. The
results showed that the colony number of bacteria was
markedly higher in rats with cirrhosis than those in normal
controls and Gram-negative bacteria accounted for the
majority (Table 5).

filtration coefficient was seen in cirrhotic rats, indicating
there was no edema in the lungs. Whereas cirrhotic animals
administered an extra LPS showed a significant increased
pulmonary filtration coefficient, obvious pulmonary edema
due to lung injury with increased vascular permeability.
Glycine could alleviate the above-mentioned pathological
features (Table 4).

Ratio of Tc99m-MAA brain-over-lung radioactivity
The test rests upon the principle that Tc99m-MAA
has a larger diameter, about 20-60 µm than the normal
capillary, about 8-15 µ m, and can be trapped within
normal pulmonary precapillary when injected via the tail
vein but can pass through dilated pulmonary capillaries
into the capillary bed of the systemic circulation and
can be detected in the brain and other organs scanned.
The results demonstrated that the ratio of Tc99m-MAA
brain-over-lung radioactivity was significantly raised in
cirrhotic rats, indicating intrapulmonary vasodilatation.
The manifestations became more characteristic after an
extra injection of LPS. The pulmonary microcirculation
tended to slight dilatation after administration of LPS in
rats fed standard diet (Figures 3 and 4). The ratio of brainover-lung radioactivity was significantly correlated with the
increased plasma LPS and TNF-α in cirrhotic rats (Table 3).

Bacterial translocation
The goal of the present study was to identify whether

Levels of endotoxin and TNF-α in plasma
The change trend of endotoxin and TNF-α in plasma

Figure 2 Electron microscopy of lung from cirrhotic liver. Panel A: enlarged
alveolar capillaries with narrowed alveolar space filled with exudates (× 6000);
Panel B: destruction of the typeⅠalveolar epithelium, showing a discontinued
zigzag lesion (× 6000).
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0.007
a,c
0.006
0.005

a

0.004
0.003
0.002

C

D

0.001
0.000

Control

Control + LPS

Cirrhosis

Cirrhosis + LPS

Figure 4 Ratio of brain-over-lung radioactivity in the rats. Control, fed standard
diet; LPS, fed standard diet plus LPS injection; Cirrhosis, fed a mixture of maize
flour, lard, cholesterol, and alcohol plus intraperitoneal injection with carbon
tetrachloride (CCl4) oil solution for 8 wk. aP < 0.05 vs normal control group; cP < 0.05
vs cirrhosis group.

Figure 3 Tc99m-MAA scanning images of the rat brain and lung. Panel A:
representative rat from control group fed standard diet (see details in Method),
showing a full distribution of Tc99m-MAA in the lung; Panel B: representative
rat from the group fed standard diet plus intraperitoneal injection with
lipopolysaccharide (LPS), showing slight radioactivity in the brain; Panel C:
representative rat from the cirrhotic group fed a mixture of maize flour, lard,
cholesterol, and alcohol plus intraperitoneal injection with carbon tetrachloride
(CCl4) oil solution for 8 wk, showing significant increased radioactivity in the brain;
Panel D: representative rat from cirrhotic animals plus LPS injection, showing
much increased radioactivity in the brain.

was similar. They rose obviously in rats with cirrhosis and
further increased after adding a given dosage of LPS. The
precondition of glycine could alleviate various pathological
alterations (Table 6). There was a close correlation between
contents of both endotoxin and TNF-α (Table 3).
Analysis of correlation
It was demonstrated in the present study that there
are close correlations between plasma LPS and plasma
TNF-α, arterial O2 content, Tc99m-MAA brain-over-lung
radioactivity and between plasma TNF- α and Tc99mMAA brain-over-lung radioactivity, which strongly suggest
that intestinal endotoxemia (IETM) and its accompanying
cytokine, TNF-α, are important in pathogenesis of HPS
(Table 3).

DISCUSSION
In the present study, a new model of hepatopulmonary
syndrome (HPS) was achieved after the induction of
cirrhosis in rats with multiple pathogenic factors including
high fat, alcohol, carbon tetrachloride, cholesterol and
maize flour, which was close to the spectrum of etiologies
of liver disease. It was also demonstrated that intestinal
endotoxemia (IETM) plays an important role in the
development of HPS.
Several protocols have been proposed for clinical
diagnosis of HPS[27]. However, the following criteria set
by Roisin et al[20] are better for experimental models of
HPS: (1) presence of chronic hepatic disease (alcoholic,
www.wjgnet.com

Table 6 Levels of LPS and TNF-α in plasma in rats (mean ±
SD, n = 6)
Groups

LPS (EU/mL)

TNF-α (ng/mL)

Normal control
Normal + LPS
Cirrhosis
Cirrhosis + LPS
Cirrhosis + Glycine + LPS

0.0571 ± 0.0104
0.5550 ± 0.0699a
0.1655 ± 0.0410a
0.5269 ± 0.0659a
0.3144 ± 0.0649a,c

0.6629 ± 0.1620
0.9344 ± 0.2819e
1.0588 ± 0.1337e
1.5571 ± 0.1785e
1.2560 ± 0.1356e,g

LPS: aP < 0.05 vs normal control group; cP < 0.05 vs cirrhosis + LPS group;
TNF-α: eP < 0.05 vs normal control group; gP < 0.05 vs cirrhosis + LPS group.

post necrotic, or primary biliary cirrhosis or active
chronic hepatitis)-severe liver dysfunction may not be
mandatory; (2) absence of primary cardiac and pulmonary
diseases; (3) pulmonary gas exchange abnormalitiesan increased alveolar to arterial oxygen gradient (≥ 2.0
kPa) with or without hypoxemia; (4) the extrapulmonary
appearance of intravenous radiolabelled microspheres or
a positive contrast enhanced echocardiogram indicative of
intrapulmonary vascular abnormalities. The abnormalities
of arterial oxygenation are one of the characteristics
of HPS. Clinically, oxygen partial pressure in arterial
blood (PaO2) exhibits a larger difference in patients with
liver disease due to varying degree of impaired liver
function[28-32]. Thus, to qualify for this diagnosis, patients
must be demonstrated to have an elevated alveolar to
arterial oxygen gradient (AaDO 2 ) and an increased
dilatation of the intrapulmonary microcirculation on the
basis of primary liver disease.
In the present studies, rats challenged with the
pathogenic factors displayed characteristics of HPS.
A declined hepatic function, increased amounts of
hydroxyproline in the liver architecture typical of cirrhosis
and portal vein pressure, decreased PaO2 and O2 content,
and significantly enlarged alveolar to arterial oxygen
gradient were observed. The enlarged blood vessels
in cirrhotic rats and further destruction of respiratory
membrane in the presence of LPS indicate severe
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hypoxemia resulting from the gas exchange abnormality in
the lung; and the raised ratio of Tc99m-MAA brain-overlung radioactivity indicates that a portion of technetium-99
macroag g reg ated albumin par ticles traversed the
pulmonary capillary bed and deposited in systemic
microvascular beds, which suggests that intrapulmonary
vascular dilatations predominantly occurred in areas
of alveoli. These characteristics were in accordance
with manifestations of patients with HPS and Roisin's
diagnostic criteria, suggesting that a new model of HPS
has successfully been established in rats.
The inducing agents used in the present model reflect
routine causes of cirrhosis and HPS. Of the ingredients
we used, CCl4 is a determinant and the mixture of maize
flour, ethanol, cholesterol, and lard added in the first two
weeks enhanced the effects of cirrhosis induction. Protein
provided by pure corn flour accounts for about 9 per cent,
which could merely meet half of the demands of normal
rats. As far as the intrinsic quality is concerned, corn glue
proteins lack lysine, tryptophan, and methionine, which
are important amino acids for lipid metabolism. If they are
deficient, hepatic fatty degeneration up to hepatic fibrosis
will happen. Ethanol consumption could increase the
requirement for choline. Choline is required for processing
long-chain saturated fatty acids (C16-18) from an ordinary
fatty meal. Choline deficiency impairs release of hepatic
triglycerides and could raise the intrahepatic fatty content
and directly damage hepatocytes. Prolonged hepatic fatty
degeneration leads to formation of liver cirrhosis. After
adding cholesterol to the feedstuff, it will further increase
the requirement for choline due to damage caused by
cholesterol to the cell membrane, which will consequently
accelerate development of cirrhosis [33] . Thus these
complex pathogenic factors induce and intensify hepatic
fatty degeneration, and formation of fatty cysts. The
latter presses contiguous reticulated brackets accordingly
forming fasciculi. Meanwhile, on account of hepatocytes in
fatty degeneration being extraordinarily sensitive to CCl4,
a massive hepatocytic necrosis would occur, reticulated
bracket would collapse due to contiguous regenerated
nodular pushing, and ultimately develop fasciculi until
hepatic cirrhosis[23].
Induction of cirrhosis in rats through chronic common
bile duct ligation (CBDL) has established a model that
reproduces the physiologic features of human HPS[34,35].
Compared with it , are the following advantages in the
model of the present study: (1) with respect to the
induction of cirrhosis and HPS, our method is noninvasive; (2) with respect to the clinical etiolog y of
developing cirrhosis, hepatic pathologic changes resulted
from complex pathogenic factors which might be more
akin to what happens in patients; (3) with regard to
pathogenesis of HPS, chronic poisoning of CCl4, alcohol
consumption, lack of choline, and high fat all together
lead to a robust chronic dynamic course, i.e., hepatocytic
necrosis - live fatty degeneration - liver fibrosis - liver
cirrhosis - HPS successively. According to our experiment,
in the course of HPS development, degeneration and
necrosis of hepatocytes occur within the first two weeks
of experimentation, fibrosis within 3 to 4 wk, early
architectural disturbances typical of cirrhosis at the 6th wk
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of experimentation, namely, formation of false lobules
and increased portal vein pressure; at about the 8th wk of
the experiment, a typical HPS formed spontaneously with
further increased portal vein pressure and overt ascites; (4)
regarding to its applicable range, the model can be applied
in studying pathogeneis of liver cirrhosis, HPS and other
cirrhotic complications. Clinically while evidence is lacking
it would be very interesting to know whether patients
suffering from both cirrhosis and HPS have been exposed
to complex pathogenic factors such as eating a high fat
diet or using corn flour as their life time diet, abuse of
alcohol, accidental contact of CCl4 or other toxins. Such
association could provide strategies for the prevention
of cirrhosis and its complications. On the other hand,
in terms of diagnosis, the possibility of IETM and liver
injury should be examined in patients who suffer from
dyspnea and hypoxia. In summary, the model that we have
established by employing complex pathogenic factors is
a non-invasive and practical model that reproduces the
clinical context of HPS.
The Kupffer cells located in the liver exert a crucial role
in clearing pathogenic organisms and their toxins from the
portal circulation. During development of cirrhosis, on
the one hand, the drained portal blood was obstructed that
resulted in blood stasis and swelling of mucosa, weakened
intestinal movements and decreased secretion of bile,
which would lead to a bacterial overgrowth in the lumen
of the bowel, particularly a profusion of Gram-negative
enteric organisms, and overproduction of endotoxin; on
the other hand, impaired mucosal barrier and decreased
function of hepatocytes and Kupffer cells could cause an
invasion of enteric organisms/endotoxin into blood and
a formation of bacteremia and IETM. Endotoxin itself,
in return, destroyed mitochondria and lysosome in enteric
epithelial cells leading to cell autolysis. Ultimately, a vicious
cycle could be formed between IETM and an increased
permeability of enteric mucosa. In our present studies,
there were significantly increased endotoxin and TNF-α in
plasma and a rise in numbers of colonies of the organisms
accompanied by a positive Gram-negative staining in the
mesenteric lymph node in rats with HPS, suggesting that
IETM is involved in the development of experimental
HPS in rats. The observations in our present study were
consistent with the fact that various infections can worsen
the patient in the advanced stage of chronic liver disease.
Clinically, many patients in the advanced stage of
chronic liver disease often develop a rapid deterioration
of illness due to some inducing factors, in which various
infections are one of the commonest inducing factors.
In order to further explore the role of endotoxin in the
pathogenesis of HPS, we designed an animal group for
administrating exogenous bacterial LPS so as to increase
the levels of plasma endotoxin on the basis of cirrhosis,
mimicking possible aggravated endotoxemia clinically in
the advanced stage of chronic hepatic diseases. Also, we
designed additional groups of cirrhotic rats with injection
with bacterial LPS plus glycine, an agent for antagonizing
endotoxin that can block the function of endotoxin[36-42],
to compare with. As a result, almost all pathologic
alterations are further aggravated toward a vicious direction
and pulmonary edema emerged after the administration of
www.wjgnet.com
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bacterial LPS in cirrhotic animals, whereas the precondition
of glycine strikingly antagonized the effect of bacterial
LPS, which firmly demonstrated that IETM play a crucial
role in the pathogenesis of HPS.
In addition, we observed increased production of
TNF-α which might result from hypoxia. TNF-α could
exert an important role in the injury of intestinal barrier
function, which results in bacteremia and IETM. IETM
could cause intrapulmonary vasodilatation and hypoxemia.
In return, hypoxemia can exacerbate defective intestinal
barrier by inducing some cytokine production (such as
TNF-α)[43]. As such, a vicious circle between hypoxemia
and impaired enteric barrier function makes HPS further
develop and deteriorate.
Finally, we also observed massive accumulation of giant
macrophages in the alveolar spaces and an architecture
of widened alveolar wall accompanying enlarged blood
vessel cavity and increased numbers of blood capillaries.
The angiogenesis and vasculogenesis could be due to
LPS, TNF-α, or hypoxia-induced increased expression of
inducible nitric oxide synthase (iNOS) and heme oxygenase
1 (HO-1) which produce NO and carbon monoxide (CO)
respectively in the macrophages[11,12]. In future studies, it
would be interesting to know whether alterations of NO
and/or CO occur and whether inhibition of iNOS or HO
improves the experimental HPS in this model.
In conclusion, our data demonstrate that: (1) a new
HPS model, which reproduces the human features of
HPS, is established by employing noninvasive and multiple
pathogenic factors in rats; (2) the model can reflect
clinical causes to a great extent; and (3) IETM and its
accompanying cytokine, such as TNF-α, may play a crucial
role in the pathogenesis of HPS.
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Abstract
AIM: To correlate the C/T-13910 variant, associated
with lactase persistence/non-persistence (adulttype hypolactasia) trait, with intestinal disaccharidase
activities in different age groups of the adult population.
METHODS: Intestinal biopsies were obtained from
222 adults aged 18 to 83 years undergoing upper
gastrointestinal endoscopy because of unspecified
abdominal complaints. The biopsies were assayed for
lactase, sucrase and maltase activities and genotyped for
the C/T-13910 variant using PCR-minisequencing.
RESULTS: There was a significant correlation between
lactase activity and the C/T-13910 variant (P < 0.00001).
The mean level of lactase activity among subjects with
C/C-13910 genotype was 6.86 ± 0.35 U/g, with C/T-13910
genotype 37.8 ± 1.4 U/g, and with T/T-13910 genotype
57.6 ± 2.4 U/g protein, showing a trimodal distribution
of this enzyme activity. Significant differences were also
observed in maltase activities among individuals with
different C/T-13910 genotypes (P = 0.005). In contrast,
www.wjgnet.com

in sucrase activity, no significant differences emerged
between the C/T-13910 genotypes (P = 0.14). There were
no statistical differences in lactase (P = 0.84), sucrase (P
= 0.18), or maltase activity (P = 0.24) among different
age groups. In the majority (> 84%) of the patients
with the C/C-13910 genotype associated with lactase nonpersistence, the lactase activity was less than 10 U/g
protein.
CONCLUSION: Our study demonstrates a statistically
significant correlation between the C/T-13910 genotype and
lactase activity and this correlation is not affected by age
in adults but the cut-off value of 20 U/g protein used for
the diagnosis of lactase non-persistence might be too
high.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Lactase non-persistence (adult-type hypolactasia) is
an autosomal recessive condition resulting from the
physiological decline of the lactase-phlorizin hydrolase
(LPH) enzyme activity in intestinal cells which occurs in a
significant proportion of the global population[1,2]. The age
of onset for this down-regulation of the lactase enzyme
varies between populations, ranging from 1-2 years of
age among the Thais to 10-20 years of age among the
Finns[3-5]. However, among Northern Europeans and a
few other ethnic groups, LPH activity persists throughout
life in the majority of adults, a condition known as lactase
persistence. The phenotype lactase persistence/nonpersistence is genetically determined, the persistent status
being dominant over the non-persistent status[1,3,6].
A single nucleotide polymorphism (SNP), C/T-13910,
14 kb upstream from LCT has been shown to cosegregate with lactase persistence/non-persistence in
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Finnish pedigrees and in a sample set of 236 individuals
from several populations[7]. The genotype C/C-13910 in a
homozygous form associates with lactase non-persistence
and g enotypes C/T -13910 and T/T -13910 with lactase
persistence[7]. Importantly, the three genotypes correlate
with the level of the lactase activity and lactase/sucrase
(L/S) ratio in intestinal biopsy sample specimen[8-11] as well
as with the results obtained from the lactose tolerance
test (LTT)[12]. A cut point of 20 U/g protein for lactase
activity and 0.3 for L/S ratios was the criteria used for
the diagnosis of lactase non-persistence in different
population studies[17,19,20]. Evidence for the functional role
of the C/T-13910 polymorphism as an enhancer has recently
been provided giving a support for using the C/T-13910
as a molecular tool for the diagnosis of lactase nonpersistence[9-11].
We have recently reported the correlation of the
lactase activity and the C/T-13910 genotypes in a pediatric
population[13]. However, data regarding the effect of age
on disaccharidase activities in adults are still controversial.
In animal models (e.g., rats), some studies showed a decline
of both lactase and sucrase activities with aging[14,15] while
others showed an increase of intestinal lactase activity with
aging[16]. The aim of the present study was to investigate
the disaccharidase activities in different age groups of
adult population and its correlations to the C/T-13910
genetic variant and whether or not the two requirements
used for the diagnosis of lactase non-persistence need to
be modified based on the molecular findings. A trimodal
distribution of lactase activity was observed in the study
sample of 222 intestinal biopsies genotyped for the C/T-13910
variant. No statistical differences in disaccharidase activities
in relation to age could be found.

MATERIALS AND METHODS
Subjects
We analyzed disaccharidase activities (DSA) of 222
endoscopically obtained intestinal mucosal specimen from
adults with abdominal complaints aged between 18-83
years during a 2-year period at the Laboratory of Hospital
for Children and Adolescents, Helsinki. Part of the
data had been previously reported by Kuokkanen et al[9].
Samples showing sucrase activities < 40 U/g and maltase
< 150 U/g, when lactase activity was < 20 U/g, suggesting
secondary causes of hypolactasia, were excluded from
the study. Only patients with normal mucosal histology
with villous height to crypt depth ratio of more than 2:1
were accepted. The study samples were divided into three
different age groups, namely 18-39, 40-59 and 60-83 years.
Disaccharidase activities
Lactase, maltase and sucrase activities were determined
using the method of Dahlqvist[17,18] and were expressed
as units of micro-moles of disaccharide hydrolyzed per
minute. The assay was carried out as follows: first, the
intestinal biopsies were weighted, solubilized in cold
NaCL (100 μL/mg tissue) and homogenized on ice for
45 s and centrifuged for 15 min (4500 r/min). Second,
supernatants were diluted in cold NaCL, pipetted into a

3509

deep well plate, mixed by vortexing and incubated at 37℃
for 60 min. Thereafter 300 μL of ice cold glucose oxidase
(GO) reagent was added to each well and incubated again
at 37℃ for 60 min. Third, the absorbance of the samples
was measured at the wavelength of 450 nm on a Multiscan
spectrophotometer and the activity of the disaccharidases
was calculated as units of enzyme activity (U). One unit
is defined as the activity of a disaccharidase needed to
hydrolyze 1 μmol of dissachride per minute. A cut-off
point of 20 U/g protein for lactase activity and 0.3 for
L/S ratios was used for adult-type hypolactasia [17,19,20].
Activities of maltase and sucrase were determined in
order to exclude patients with secondary lactase deficiency.
Low activities of all disaccharidase enzymes are seen
when mucosa is injured, in cases such as celiac disease or
inflammation, or if the biopsy sample is obtained from a
too proximal part of the intestine[21].
Genotyping
DNA was isolated from intestinal biopsy specimens by
phenol-chloroform extraction according to standard
procedures[22]. The DNA fragment spanning the C/T-13910
variant was amplified using a biotinylated and an
unbiotinylated primer (primers available upon request).
A 10- µ L aliquot of the PCR product was captured
in a streptavidin-coated microtitre well (Labsystems,
Finland). The wells were washed, and the bound DNA
was denatured as previously described [23]. Typically, 50
µL of the minisequencing reaction mixture contained 10
pmoles of the minisequencing primers for C/T-13910 and
0.1 µL of either 3H-dCTP corresponding to the lactase
non-persistence allele (Amersham, UK) or 3H-dTTP
corresponding to the lactase persistence allele, and 0.05
units of DNA polymerase (Dynazyme II, Finnzymes). The
microtitre plates were incubated for 20 min at 50℃, and
the wells were washed. The detection primer was eluted,
and the eluted radioactivity was measured in a liquid
scintillation counter (Rackbeta 1209, Wallac, Finland). Two
parallel minisequencing reactions were carried out for each
PCR product.
Statistical analysis
Frequency differences were analyzed with Pearson's chisquared test. All statistical analysis was performed using
the BMDP statistical package (BMDP Statistical Software,
Los Angeles, California, USA). Differences between
groups were assessed by the non-parametric Kruskal-Wallis
test. P values less than 0.05 were considered statistically
significant. All variables were expressed as mean ±
standard errors (SE).

RESULTS
A clear trimodal distribution of the lactase activity
was demonstrated in a total of 222 intestinal biopsy
sample specimens analyzed for the C/T-13910 genotype
(Table 1). There was a statistically significant correlation
between lactase activity and the three genotypes: T/T-13910
homozygosity was associated with the highest lactase
activity, whereas the heterozygous C/T-13910 genotype was
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Table 1 Distribution of disaccharidase activities among Finnish adult population in relation to the C/T-13910 genotypes
Genotype
C/C-13910
Disaccharidase
Lactase
Sucrase
Maltase
L/S ratio

n

56
6.86 ± 0.35 (3-16)
77.2 ± 3.7 (40-172)
287.7 ± 13.2 (159-599)
0.09 ± 0.005 (0.03-0.2)

C/T-13910

T/T-13910

Total

83

83

222

37.8 ± 1.4 (21-99)
87.2 ± 3.8 (35-240)
342.0 ± 13.5 (161-868)
0.46 ± 0.02 (0.2-1.6)

57.6 ± 2.4 (20-127)
83.2 ± 4,3 (24-260)
305.5 ± 14.5 (140-887)
0.73 ± 0.02 (0.25-1.35)

37.4 ± 1.7 (3-127)
83.2 ± 2.4 (24-260)
314.6 ± 8.2 (140-887)
0.47 ± 0.02 (0.03-1.6)

P
< 0.00001
0.14
0.005
< 0.00001

Disaccharidase activities are expressed as U/g protein, mean ± SE (range); P value based on Kruskal-Wallis test; L/S = lactase/sucrase ratio.

DISCUSSION
Disaccharidases are intestinal microvilli membrane
hydrolases that play an important role in the carbohydrate
digestion. The relationship and the pattern of
www.wjgnet.com
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associated with an intermediate activity and the C/C-13910
genotype with the lowest activity (P value for differences
between the groups < 0.00001). The C/C-13910 genotype
was associated with the very low lactase activity (< 10
U/g protein) in the distinct majority of adults tested.
Only 14% of the patients with the C/C-13910 genotype had
lactase activities between 11-15 U/g protein, and in only
one sample, the lactase activity was 16 U/g protein with
L/S ratio of 0.13 (Figure 1A). In all the patients with the
C/C-13910 genotype with the lactase activities above 10 U/g
protein, the L/S ratio was between 0.09-0.18.
No significant correlation between sucrase activity and
the three genotypes was detected (P = 0.14). For maltase
activities, there was a statistically significant difference
according to the genotypes whereby the C/T-13910 genotype
was associated with the highest level (342 ± 13.5 U/g), the
C/C-13910 genotype with the lowest level (287 ± 13.2 U/g)
and the T/T-13910 genotype with the intermediate level (305
± 14.5 U/g) of maltase activity (P value for differences
between the groups = 0.005). Although the C/C -13910
genotype was associated with the lowest level among the
three disaccharidases, the C/T-13910 genotype was associated
with the highest sucrase and maltase activities (Table 1).
No significant difference in the activities of any of the
disaccharidases in relation to age could be demonstrated
among 222 samples (Table 2). The mean lactase activity
among hypolactasic subjects (C/C-13910) was 6.86 ± 0.35 U/
g (range, 1-16 U/g protein), the mean sucrase activity was
77.2 ± 3.7 U/g (versus 84.2 ± 1.5 within lactase persistence
subjects), and the mean maltase activity was 287.7 ±
13.2 U/g (Table 1). When analyzing the disaccharidase
activities in different age groups within each genotype,
no age-related differences in the activities of any of the
disaccharidases were found within the three genotypes of
the C/T-13910 (Table 3).
Our data showed that the scattering of the lactase
activity values in the T/T-13910 genotype was wider than in
the C/T-13910 genotype but the values observed overlapped
for these genotypes (Figures 1B and C). However, when
a large study sample was assessed as a whole, a tendency
toward intermediate lactase activity for the heterozygous
genotype C/T-13910 was observed (Table 1).
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Figure 1 A scatter plot of the lactase activity for the subjects with the C/C-13910
genotype (A), the C/T-13910 genotype (B) and the T/T-13910 genotype (C).

intestinal disaccharidase activities with aging are poorly
understood[14,16,24]. It has been claimed that the prevalence
of lactose malabsorption, based on the breath hydrogen
test, increases with age secondary to hypochlorhydria[25,26].
Thus, an abnormal result on a breath hydrogen test might
actually not reflect carbohydrate malabsorption but rather
simply an exposure of a carbohydrate load to the bacteria
residing in the small intestine, where fermentation and gas
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Table 2 Distribution of disaccharidase activities among Finnish population in different age groups
Age groups (yr)

n

Disaccharidase
Lactase
Sucrase
Maltase
L/S ratio

18-39

40-59

60-83

Total

84

94

44

222

35.6 ± 2.4
77.3 ± 2.8
298 ± 11
0.48 ± 0.03

39.3 ± 3
86.6 ± 4.5
326 ± 16
0.48 ± 0.03

37 ± 3.5
87.4 ± 4.5
324 ± 13
0.43 ± 0.04

P

37.4 ± 1.7
83.2 ± 2.4
315 ± 8
0.47 ± 0.02

0.84
0.18
0.24
0.70

Disaccharidase activities are expressed as U/g protein, mean ± SE; P value based on Kruskal-Wallis test.

Table 3 Distribution of disaccharidase activities in different lactase variant genotypes for various age groups of finnish population
Age groups (yr)
Genotype

Disaccharidase

C/C-13910

n
Lactase
Sucrase
Maltase
n
Lactase
Sucrase
Maltase
n
Lactase
Sucrase
Maltase

C/T-13910

T/T-13910

18-39
20
7.05 ± 0.49 (6.17-7.55)
76.6 ± 5.9 (64.2-88.91)
288.2 ± 23.7 (239-338)
32
34.7 ± 1.7 (31-38)
80.5 ± 4.3 (72-89)
321 ± 16 (287-354)
32
54.2 ± 3.3 (47.5-60.9)
74.5 ± 4.6 (65.1-83,8)
281 ± 17 (246-315)

40-59

60-83

25
6.84 ± 0.6 (5.6-8.08)
77.4 ± 6.24 (64.5-90.3)
288 ± 20.8 (245-331)
34
39.7 ± 2.9 (34-46)
87.2 ± 7.3 (72-102)
344 ± 27 (290-399)
35
62.0 ± 4.2 (53.5-70.5)
92.5 ± 8.8 (67.7-93.4)
334 ± 29 (274-394)

11
6.54 ± 0.72 (4.94-8.15)
78.0 ± 7.72 (60.8-95.2)
286.2 ± 23.6 (234-339)
17
39.8 ± 2.2 (35-45)
99.9 ± 8.1 (83-117)
377 ± 21 (333-421)
16
54.9 ± 5.2 (43,8-66)
80.6 ± 6.03 (67.7-93.4)
293 ± 18 (254-331)

P

Total
56
6.86 ± 0.35 (6.17-7.55)
77.2 ± 3.74 (69.7-84.7)
287.7 ± 13.2 (261-314)
83
37.8 ± 1.4 (35-41)
87.2 ± 3.8 (80-95)
342 ± 13 (315-369)
83
57.6 ± 2.4 (52.8-62.4)
83.2 ± 4.3 (74.6-91.9)
305 ± 15 (277-334)

0.74
0.95
0.96
0.18
0.11
0.08
0.42
0.49
0.64

Disaccharidase activities are expressed as U/g protein, mean ± SE (95% confidence interval); P value based on Kruskal-Wallis test.

formation take place under the influence of the normal
lactase activity. Here, we also observed a tendency for
higher disaccharidase activities among those humans >
70 years of age when compared to younger age groups.
This could result from a higher turnover rate of intestinal
epithelial cells with increasing age.
Our study suggests that the cut-off value of 20 U/g
used for the diagnosis of hypolactasia might be too high.
The C/C-13910 genotype was associated with a very low
lactase activity (< 10 U/g protein) in the distinct majority
of adults tested. This is in agreement with our recent
study in children in which the majority of the children
with C/C-13910 genotype tested after the age of eight years
(40/43) had lactase activities below 10 U/g protein[13].
Furthermore, all the samples with the lactase activities
above 10 U/g proteins had also L/S ratios below 0.18.
This result means that the two requirements which were
used for the diagnosis of adult-type hypolactasia (lactase
activity below 20 U/g protein and L/S ratios below
0.3) were too conservative. For example, setting the
requirement for lactase activity to below 10 U/g protein
and keeping the L/S ratios to below 0.3 do not affect
the sensitivity of the results and might be used for the
diagnosis of adult-type hypolactasia.
Some overlap values of the lactase activity between
the genotypes C/T-13910 and T/T-13910 were detected in
this study; and as expected, the overlap disappears when
a large number of samples analyzed as the regress to
the mean feature of the disaccharidase activities become
evident giving two separate peaks corresponding to both

genotypes. This observation emphasizes the sensitivity
of the assay for the activity measurements and the biopsy
technique[26]. Inter- and intra-individual variation in the
lactase activity was observed in multiple studies and was
influenced by a subtle disease status, also by variations in
the applied enzyme assay techniques[24,28-31].
The results obtained in this study provide evidence that
lactase activity is not dependent on age among the adult
population and confirm our previous findings that the
C/T-13910 variant is associated with lactase persistence/nonpersistence trait [7,9,13]. In addition, we proposed that in
the majority of adult population with C/C-13910 genotype
associated with lactase non-persistence, the lactase enzyme
activity was less than 10 U/g protein, suggesting that
the cut-off value of 20 U/g used for the diagnosis of
hypolactasia might be too high.
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Abstract
AIM: To investigate the clinical and pathologic findings,
and to discuss the pathophysiology of hepatocellular
carcinoma with cardiac metastasis.
METHODS: Eight hepatoma patients with cardiac
metastasis, who were treated by surgical excision from
1993 to 2006, were retrospectively studied. Detailed
clinical parameters were analyzed.
RESULTS: Of those eight patients, two (25%) were
women and six (75%) were men, with the mean age
of 50 years (range, 40-70 years). The presentations
included: asymptomatic (75%), heart failure (25%), and
pulmonary embolism (12.5%). All lesions involved the
right atrium, and extended to the lung (12.5%), inferior
vena cava (25%), and left atrium (12.5%). The level of
tumor marker, alpha-fetal protein, was not correlated
with the severity of metastasis or disease prognosis.
Moreover, the availably estimated doubling time was less
than 3 mo. The pathological findings included variable

hemorrhage and necrosis. The survival time following
surgery also varied from one month to more than 30 mo.
CONCLUSION: Hepatoma metastasis to the heart was
detected in all eight patients. This study demonstrates
that surgery might help the outcome in such cases.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignant tumor of the liver. At least 372 000 new
cases of HCC occur worldwide every year, comprising 4.6%
of all new human cancers[1]. Extra-hepatic metastasis is
frequently recognized as advanced HCC and prognosis is
poor. Heart metastasis is rarer in advanced HCC patients.
This group of patients often exhibits symptoms of heart
failure owing to flow obstruction or thromboembolism
upon diagnosis[1-3]. Surgical treatment is generally reserved
for symptomatic patients because of poor prognosis[4-6].
This study reviews eight cases of hepatoma with heart
metastasis in our hospital during 14 years and highlights
the importance of early monitoring and surgery for the
prognosis of these patients.

MATERIALS AND METHODS
Patients
A retrospective review of the archived material at Chang
Gung Memorial Hospital identified eight HCC patients
with cardiac metastasis, including six males and two
females, from January 1993 to December 2006.
Methods
The medical charts, surgical patholog y reports and
microscopic slides were reviewed [7-10] . The clinical
www.wjgnet.com
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Table 1 Characteristics of the eight hepatoma patients with cardiac metastatsis
Number
Age, yr
Gender
Symptoms
HBV/HCV
AFP, ng/dL
TACE
Location
DT, mo
ST, mo
Hemorrhage (%)
Necrosis (%)

1
54
Male
No
+/< 100
No
RA, Lung
NA
NA
5
90

2
40
Male
No
-/+
< 100
No
RA, RV, IVC
NA
3
0
5

3
53
Female
HF, PE
+/< 100
3
RA
<3
> 30
0
50

4
40
Male
HF
-/> 100
No
RA, IVC, Scalp
<3
3
NA
NA

5
50
Male
No
NA/NA
NA
11
LA, RA
<3
>3
60
20

6
41
Male
No
NA/NA
NA
No
RA
NA
1
NA
NA

7
70
Male
No
NA/NA
NA
No
RA
NA
NA
5
20

8
59
Female
No
NA/NA
NA
No
RA
NA
NA
5
10

AFP: alpha-fetal protein; DT: estimated hepatoma doubling time; HB/HCV: hepatitis B/hepatitis C virus; HF: heart failure; IVC: inferior vena cava; NA: not
available; RA: right atrium; RV: right ventricle; PE: pulmonary embolism; S: scalp; ST: survival time; TACE: transcatheter arterial chemoembolization.

A

B

Figure 1 A representative huge right atrial mass demonstrated by cardiac
echocardiogram (A) and computed tomography (B).

RESULTS
Eight patients, including two (25%) women and six (75%)
men, aged 50 ± 10 years (Table 1), were reviewed. The
mean age of the patients was 50 years (range, 40-70 years).
The presentations included: asymptomatic (75%), heart
failure (25%), and pulmonary embolism (12.5%). All
lesions involved the right atrium, with extension to the
lung (12.5%), inferior vena cava (25%), and left atrium
(12.5%). The tumor marker alpha-fetal protein level was
not correlated with severity.
All eight patients underwent surger y, with one
surviving for more than 30 mo, and another male patient
remained alive at the time of writing. During follow-up
echocardiogram and CT, a single asymptomatic cardiac
mass was detected (Figure 1), and this mass rapidly
progressed over the subsequent 6 mo period (Figures
2A and 2B). After discussion of the potential risks and
benefits of the surgery, the patient decided to undergo
surgery, and HCC with cardiac metastasis was confirmed
following resection. The patient remained symptom-free
with regular clinical follow-up for more than 3 mo since
then.
Moreover, the availably estimated doubling time was
less than three months. The pathological findings included
variable hemorrhage and necrosis. The survival time after
surgery varied from one month to more than 30 mo.

DISCUSSION
chart provided data on age, sex, presenting symptoms,
abdominal echocardiography, computed tomography,
echocardiography and surgical procedures. Follow-up
data were obtained from the patient clinical records and a
standardized telephone interview.
Surgery was performed in all eight patients after
diagnosis. Formalin-fixed and paraffin-embedded surgical
specimens pathologically confir med the diagnosis.
All patients survived following surgery and received
formulary treatment and follow-up including transcatheter
arterial chemoembolization (TACE), routine abdominal
echocardiography or computer tomography. The estimated
doubling time was confirmed as previously mentioned[3,4].

www.wjgnet.com

Advanced HCC is a disease with poor prognosis and
median survival time of 4 to 7 mo [2]. Metastatic HCC
with involvement of the heart is even rarer and routine
monitoring and surgical treatment have not been suggested
in previous studies except in the presence of heart failure
or pulmonary embolism. Concerns regarding surgical
treatment are due to short life expectancy and systemic
spread of cancer associated with cardiac bypass procedure.
Previous reports also suggest that HCC doubling time
is difficult to calculate, particularly in cases involving
small cancer size, and one of these reports calculated the
possible doubling time as 6.5 mo[3,11], possibly accelerating
with increasing tumor size.

Lin YS et al . Hapatoma with cardiac metastasis
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B
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advanced HCC patients[12], and surgical treatment even in
cases without significant cardiac symptoms may prolong
the survival of advanced HCC patients with cardiac
involvement. Another consideration could be identifying
meaningful proliferation factors or tumor g rowth
indicators in rapid progressing HCC patients to provide
targets for guiding future treatment[13-15].
Finally, it is important to note some limitations to the
current review. First, data about non-bypass cardiac surgery
or simultaneous resection of main tumor and cardiac
metastatic tumor, or concurrent resection of pulmonary
metastasis [4-6] remain unavailable, but these improved
surgical techniques may offer better results for advanced
HCC patients with cardiac involvement. Second, this study
only considers retrospective results, but a prospective
study or more data may be necessary to confirm the longterm mortality. Third, different prognosis trends may exist
between the sexes and thus further prospective study may
be necessary. Finally, the rarity of advanced HCC with
cardiac involvement means that the problem of the small
patient group is difficult to overcome. However, aggressive
treatment could prolong patient's survival.
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injection of RhoA or RhoC siRNA can inhibit tumor
growth.

Abstract

Sun HW, Tong SL, He J, Wang Q, Zou L, Ma SJ, Tan HY, Luo
JF, Wu HX. RhoA and RhoC -siRNA inhibit the proliferation
and invasiveness activity of Human gastric carcinoma by
Rho/PI3K/Akt pathway. World J Gastroenterol 2007; 13(25):
3517-3522

AIM: To evaluate the effects of adenovirus-mediated
gene transfer of RhoA siRNA and RhoC siRNA on
proliferation and invasion of SGC7901 cells by Rho/
PI3K/Akt pathway.
METHODS: Plasmid of RhoA siRNA and RhoC siRNA
were constructed and transfected into SGC7901 cells.
siRNA and LY294002 (PI3K inhibitor) were designed as
the control group. The mRNA and protein expressions of
RhoA and RhoC were respectively detected with RT-PCR
and western blotting. In order to find out the changes
of proliferation and invasion power of SGC7901 cell
lines, we analyzed the data by MTT, Boyden chamber
and evaluated apoptosis of cell with flow cytometry. We
treated BALB /C nude mice with RhoA and RhoC-siRNA,
and tumor control rate (%) in nude mice was calculated.
RESULTS: R h o A a n d R h o C s i R N A t ra n s fe c t i o n s
specifically down-regulated the corresponding mRNA
and protein levels in SGC7901 Cells.The experiment of
permeated artificial basal membrane showed that the
invasion power of SGC7901 cell lines are on the decline
after treatment of Ad-RhoA and RhoC-siRNA (12.64 ±
3.27 vs 87.38 ± 17.38, P < 0.05). The values of 490 nm
wavelength light absorption were different in the five
groups. The number of alive cells in the group of RhoA
th
and RhoC-siRNA was lower than others in the 6 d (0.71
± 0.01 vs 3.82 ± 0,11 P < 0.05). The apoptosis rate of
transfected RhoA and RhoC-siRNA group with FACS were
19.07% ± 1.78 and there were significant differences
between treated and control groups (19.07 ± 1.78%
vs 1.23 ± 0.11%, P < 0.01). The tumor transplantation
experiment in BALB/C nude mice showed intratumoral

CONCLUSION: RhoA and RhoC siRNA gene therapy
mediated by adenovirus may be useful for inhibiting
growth and invasion of SGC7901 through a PI3K/Akt
pathway. These results provide a novel therapeutic target
in preventing gastric cancer cell invasion and metastasis.
© 2007 WJG . All rights reserved.
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Invasiveness
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INTRODUCTION
Gastric cancer is a common malignant tumor in China.
In the tissue of gastric cancer, the expression RhoA and
RhoC gene has been reported to be significantly correlated
with carcinogenesis, development and infiltration
metastasis of gastric cancer[1]. However, the molecular
aspects of carcinogenesis and metastasis of gastric
carcinoma remains elusive. It is important to attempt to
inhibit tumor growth in such a manner as to block the
inhibition of the apoptotic signaling pathway in tumor
cells[2-4]. RhoA is over expressed during tumorigenesis, and
some reports showed that the overexpression of RhoA
and RhoC is involved proliferation and invasion in gastric
cancer[5,6].
The RhoA and RhoC proteins comprise an important
s u b s e t o f t h e R h o G T Pa s e f a m i l y t h a t h a s b een
implicated in invasive gastric carcinomas, and is related
to the PI3K/Akt signal pathway. To dissect the specific
contributions of RhoA and RhoC in the behavior of
invasive gastric carcinoma cells, we used RhoA and RhoC
gene interference to inhibit proliferation and invasion
of SGC7901 cells of gastric carcinoma[7,8]. We have used
small interfering RNA (siRNA) approaches to interfere
www.wjgnet.com
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the expression of the RhoA and RhoC isoforms in the
SGC7901 cells. Using these cell lines, we were able to
define distinct functions for these Rho isoforms and to
uncover unexpected relationships between them.
To investigate the inhibitory effects and biological
functions of RhoA and RhoC siRNA on gastric cancer
cells, our experiment will also study the effects of RhoAsiRNAs and RhoC-siRNA gene on proliferation and
invasion of SGC7901 cells in vivo and in vitro. Our report
suggests that the tumor suppressive properties of RhoAsiRNAs and RhoC-siRNA genes are related, in part, to its
ability to down-regulate the PI3K/Akt pathway, inhibit
proliferation and invasion and facilitate apoptosis.

MATERIALS AND METHODS
Principal reagents
The extraction kit of Achromycin and Plasmid are
purchased from WuHan Boster company. Anti-HA,
annexin V and fluorescein isothiocyanate (FITC) were
purchased from Becton Dickinson Company. AntiRhoA,B and C rabbit polyclonal antibody was purchased
from Sigma. Anti-Flag antibody and kin Rho binding
domain was purchased from Sigma. CX4hyg/EcoVR
was kindly supplied by Wu professor (Tongji medical
University, China). RPMI 1640 medium and Dulbecco's
modified Eagle's medium (DMEM) were purchased from
Sigma. The other chemicals and reagents were purchased
from WuHan ZhongShan Chemical Co. The antibodies
for rabbit anti-humanβ-actin and sheep anti-rabbit two
antibodies were purchased from Becton Dickinson
Company (USA).
Cell cultures
SGC7901 cell lines and 293 cells (encasing cells of
adenovirus vector) were provided by WuHan University
Cell Center. The complete medium (RPMI1640) contained
100 U/mL penicillin, 100 mg/L streptomycin and 10%
calf serum. Cells were digested and transferred in culture
with 0.25% parenzyme and 0.02% EDTA in the incubator
and incubated at 37℃ in 5% CO2 and saturated humidity.
Plasmid
The RhoA and RhoC coding sequences were scanned
to identify AA (n19)TT sequences. Candidate sequences
were compared with RhoA and RhoC cDNA sequences
and their specificity was verified in the non-redundant
human DNA database using a BLAST algorithm (accession
through NCBI). A control siRNA was also tested. It
was selected because it exhibited no cellular toxicity. The
sequences selected for the sense and antisense strands are
for anti-RhoA siRNA, sense 5'-GACAUGCUUGCUCA
UAGUCTT-3', antisense 3'-TTCUGUACGAACGAGUAUCAG-5'; for anti RhoC siRNA, sense 5'GACCUG
CCUCCUCAUCGUCTT-3', antisense 3'-TTCUGGAC
GGAGGAGUAGCAG-5'; for the control siRNA, sense
5'-CAGU-CAGGAGGAUCCAAAGTG-3', antisense
3'-TTGUCAGUCCUCCUAGGUUUC-5'.
Synthetic oligonucleotides prepared by Sigma, were
annealed to form a short double-stranded RNA with a
www.wjgnet.com
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3'dithymidine overhang. Hybridization was performed in
a buffer containing 2 mmol/L sodium acetate, 100 mmol/
L potassium acetate, and 30 mmol/L Hepes buffer, pH
7.4. Total RNA was extracted from adherent cells using
RNeasy columns. Reverse transcription semi-quantitative
PCR was performed using 1 μg of total RNA in the onestep RT-PCR reaction kit as follows: 15 and 20 cycles of
94℃ for 30 s, 55℃ for 30 s and 60℃ for 60 s.
Gene transfection
SGC7901 and 293 line cells were incubated in culture
medium that contained 10% calf ser um, and were
transfected in a routine method. 293 line cells were
transfected with Ad- RhoA and RhoC-siRNA, and virus
amplification was performed. Virus titer was measured
with plaque-forming assay. SGC7901 line cells were
detected after being transfected for 24 h, total RNA was
extracted with Trizol. RT-PCR was measured with onestep method. The tumor cells were incubated in serumfree culture medium and supernatant was collected. Total
proteins were taken from every sample, and we performed
electrophoresis on polyacrylamide gels containing 10%
SDS gel substrate, which were eluted, poached, incubated
and bleached individually.
In the experiment, enzymolysis was displayed in
black strap on the white background. These images were
analyzed with quantity One 411 software in the Oylmpus
image analysator, the calculation formula was: Ratio activity
of MMP = (strap density-background density/specimen
proteinum concentration) × strap area (mm2/mg per mL).
The SGC7901 cell lines were divided into five groups:
1st group: RhoA-siRNA and RhoC-siRNA, 2nd group:
RhoA-siRNA, 3rd group: RhoC-siRNA, 4th group: siRNA
and 5th group: LY294002 (PI3K inhibitor). All virus titers
were 50MOI).
Western blotting analysis
Western blot analysis was performed with 50 μg of the
cell lysate from the transfected cells and anti-RhoA and
RhoC mice monoclonal antibody (Sigma Co). RhoA and
RhoC proteins in the cells were extracted and detected
with the Bio-Rad DC protein kit. In accordance with the
kit descriptions, we have adjusted the concentration of the
proteins. Polyacrylamide gel (SDS-PAGE) electrophoresis
was perfor med with 10% gel, transmembrane and
immunity display was done later. Membranes were
immunoblotted overnight with mice anti-RhoA and RhoC
monoclonal antibodies diluted 1:500. Primary antibody
binding was detected by enhanced chemiluminescence
using horseradish peroxidase coupled with anti-mice
or anti-goat antibody (1:10 000) for 40 min at room
temperature. After film exposure with X-ray, the pictures
were scanned and preserved as documents, and the output
of gray scale were analyzed with image software.
Invasion assay in vitro
To perform the Boyden chamber member, we put 2.5 ×
104 SGC7901 cells lines into the Boyden chamber cabin,
cells were incubated for 48 h both before after transfection.
These cell lines were incubated in the cell incubator for
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Figure 2 Anti-RhoA and anti-RhoC siRNAs inhibit RhoA and RhoC gene levels
with RT-PCR. RhoA and RhoC mRNA levels were significantly reduced in the
RhoA and RhoC siRNA line. The level of β-actin mRNA after 20 cycles was
included as a control.

RhoA
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Anti-RhoC siRNA
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RhoA
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Figure 1 RhoA and RhoC siRNAs inhibit RhoA and RhoC protein levels with
Western blots. Lanes 1: SGC7901 cells were untreated; lanes 2-4: or transfected
with anti-RhoA or anti-RhoC, Assays were performed 24 h after the end of
treatment. Cells were treated with RhoA siRNA (A), RhoC siRNA (B), or control
siRNA (C), β-actin served as an internal control.

24 h, and fixation and staining were done. The five fields
of vision were taken up under light microscope, and the
cell number under the membrane was counted. There were
three specimens every time, and repeated 1 time.
MTT assay
After every group of cells had been selected and cultivated,
they were inoculated into 96 pores plate in 1 × 104/well.
The MTT was routinely performed for 6 d, and repeated
3 times. The output of OD was measured on 490 nm
wavelength and a curve was drawn.
Apoptotic assay of cells with flow cytometry
After transient transfection of plasmid for 24 h, the cell
were collected and washed 3 times with PBS, fixed in 4℃
of cool alcohol overnight. The cells were centrifuged
and once collected, washed before detection with flow
cytometry. The cells were dyed with 1% iodation aethyltroche for 30 min. The rate of apoptosis was analyzed by
Cellquit software.
Transplantation tumor experiments in BALB/C nude mice
1 × 107 SGC7901 cells were inoculated into the back of
BALB/C nude mice, after 21 d, the long-diameter (a) and
short-diameter (b) were measured with a sliding caliper.
The volume was measured with Formula (V = 1/2a × b2).
When the tumors were as large as 50-70 mm3, the nude
mice were divided into 5 groups: (1) RhoA and RhoCsiRNA, (2) RhoA-siRNA, (3) RhoC-siRNA LY294002, (4)
siRNA and (5) 0.9% NS and were injected intratumoral
every 3 d. The RhoA and RhoC-siRNA concentrations
were 80 nM. We sacrificed the mice on d 20 after
beginning intratumoral injections and removed the tumors.

Tumor control rate (%) was calculated with Formula:
Tumor vol control rate (%) = (1 - average vol of
treated tumor/average vol of control tumor) × 100%.
Tumor weight control rate (%) = (1 - average weight of
treated tumor/average weight of control tumor) × 100%.
Statistics analysis
The experimental data was expressed in mean ± SEM. The
data was analyzed with analysis of variance, and treated
with SPSS10.0 software package. The blot membranes
were scanned and analyzed with NIH image software. The
statistical significance of differences between groups was
calculated by applying t-test, and P < 0.05 was taken as
significant.

RESULTS
Western blot and RT-PCR
In order to assess the ability and specificity of the siRNA
inhibit RhoA and RhoC gene, western blot analysis
revealed that when RhoA or RhoC-siRNA was transfected,
expression of the corresponding target proteins was
decreased by at least 90% (Figure 1); but when the
incubation was prolonged for another 24 h without any
further addition of siRNA, expression levels began to
increase, mainly because of the short life span of siRNA
in these cells.
The RhoA and RhoC gene was detected by RT-PCR after
recombination adenovirus-mediated gene was transfected
RhoA-siRNAs and RhoC-siRNA into SGC7901.The virus
titers were 0.75 × 108 pfu/mL after amplification of AdRhoA-siRNAs and RhoC-siRNA virus. The results of RTPCR demonstrated there were positive mRNA straps on
the map of SGC7901 transfected with RhoA-siRNAs and
RhoC-siRNA (Figure 2).
RhoA and RhoC- siRNA transfections specifically
down-regulate the corresponding mRNA and protein levels
in SGC7901 cells. We analyzed the efficacy of siRNAmediated inhibition of RhoA and RhoC synthesis by
both reverse transcriptase-polymerase chain reaction (RTPCR) and western blotting.The corresponding mRNAs
and proteins of RhoA and RhoC were downregulated 24
h later; two transfections were more effective than one.
This down-regulation is specific, because RhoA-siRNA did
not modify RhoC mRNA expression, and RhoC-siRNA
did not modify RhoA mRNA expression. Furthermore,
β-actin mRNA levels were not modified by exposure to
either of these siRNA. Finally, an unrelated control siRNA
also failed to modify RhoA or RhoC mRNA expression
www.wjgnet.com
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Table 1 The invasion cell number of human SGC7901 cell after
treatment of Ad- RhoA and RhoC-siRNA (%) (mean ± SEM)

Invading cells

RhoA &
C-siRNA

RhoA
-siRNA

RhoC
-siRNA

siRNA

LY294002

12.64 ±
3.27

38.26 ±
14.75

35.27 ±
10.94

87.38 ±
17.38

37.01 ±
12.38

The number of cells (A)

4.0

AC-siRNA
A-siRNA
C-siRNA
siRNA
LY294002

3.5
3.0
2.5
2.0

July 7, 2007

Volume 13

Number 25

Table 2 The apoptosis rate of 5 groups with FACS (%)
(mean ± SEM)
Group

Apoptosis rate (%)

1 RhoA,C-siRNA

19.07 ± 1.78

2 RhoA-siRNA

7.13 ± 0.21

3 RhoC-siRNA

8.11 ± 0.17

4 siRNA

1.23 ± 0.11

5 LY294002

9.44 ± 1.28

P
Compared with any group
(P < 0.01 or P < 0.05)
Compared with 4 or 5 group
(P < 0.05), compared with 3
group (P > 0.05)
Compared with 4 or 5 group
(P < 0.05)
Compared with any group
(P < 0.01 or P < 0.05)
Compared with
4 group (P < 0.01)

1.5
1.0
0.5
0.0

0

1

2
3
4
The time of transfection (d)

5

6

Figure 3 The values of 490 nm wavelength light absorption in the five group.

when transfected two or even three times at 24 h intervals.
The Rho proteins were detected with western blot,
according to divided groups, we analyzed three groups
expression of RhoA and RhoC proteins. We used the
gray scale as a value to calculate the blot membranes and
analyzed with NIH image software.
Invasion power Assay in vitro
The shape of cells that per meated ar tificial basal
membrane was dyed. The results showed that the invasion
power of SGC7901 cells were on the decline after
treatment of Ad- RhoA and RhoC-siRNA, and there were
significances between the group of RhoA & C-siRNA and
others (P < 0.05, Table 1).
MTT assay
The values of 490 nm wavelength light absorption were
different in the five groups. Double tail T-test showed: The
number of alive cells in the group of RhoA and RhoC
-siRNA was lower than others in the 6th d (P < 0.05), and
there was no significance between RhoA-siRNA group and
RhoC siRNA group (P > 0.05), but there was significance
between RhoA and RhoC-siRNA group and siRNA or
LY294002. These data demonstrated that RhoA and RhoC
-siRNA can inhibit the growth of tumor (Figure 3). The
inhibitory power for combined RhoA and RhoC -siRNA
was stronger than RhoA or RhoC-siRNA separately. Also,
the growth curve of MTT demonstrated that SGC7901
transfected with RhoA and RhoC-siRNA is more effective
than the PI3K inhibitor LY294002.
Effects of RhoA and RhoC-siRNA on the apoptosis of
SGC7901
The apoptosis rate of groups transfected by RhoA and
RhoC-siRNA with FACS were (19.07 % ± 1.78%). The
LY294002 and control groups were (9.44% ± 1.28%)
and (1.23% ± 0.11%). There were significant differences
between treated and control groups (P < 0.01), and the
www.wjgnet.com

Table 3 The experiment of transplantation tumor in BALB/C
nude mice (mean ± SEM)
t

P

Weight
after 2
wk (g)

t

P

Rate of
inhibition (%)
Volume Weight

Group

Volume
after 2
3
wk (mm )

RhoA &
C-siRNA
RhoA
-siRNA
RhoC
-siRNA
siRNA
LY294002

37.7 ± 5.65 7.216 0.001 0.245 ± 0.116 4.121 0.013 51.7

56.8

67.7 ± 2.12 4.776 0.003 0.311 ± 0.123 3.011 0.013 27.2

21.3

65.7 ± 5.78 4.346 0.003 0.323 ± 0.121 3.012 0.013 25.7

25.8

97.7 ± 3.33
0.555 ± 0.132
0.013 7.1
49.7 ± 4.21 6.116 0.003 0.297 ± 0.161 3.453 0.013 29.3

2.3
23.4

P < 0.05 vs siRNA.

LY294002 and control groups (P < 0.05) (Table 2).
Transplantation tumor experiments in BALB/C nude
mice showed that intratumoral injection of Anti-RhoA or
Anti-RhoC siRNA inhibits tumor growth (Table 3).
1 × 107 SGC7901 cells were inoculated into on the
back of BALB/C nude mice, after 21 d, the long-diameter
(a) and short-diameter (b) were measured with sliding
caliper. The volume was measured with Formula (V = 1/2a
× b2). When the tumors were as large as 50-70 mm3, the
nude mice were divided into 4 groups: RhoA and RhoCsiRNA, LY294002, siRNA and 0.9% NS were intratumoral
injected every 3 d. The concentrations were 80 nmol/L.

DISCUSSION
Expression of RhoA and RhoC were found in the tissue
of gastric cancer. Both RhoA and RhoC genes are known
to play a very important role in growth and metastasis, and
there have been reports that RhoA and RhoC are related
to advanced gastric cancer[9,10].
The Rho-related members, RhoA and RhoC share
high sequence identity. Rho family proteins are prominent
members of the well-known Ras super family of small
GTPases that can cycle between inactive GDP-bound
state and active GTP-bound state and that exhibit intrinsic
GTPase activities. These GTPases have been implicated in
the progression of tumors from a broad range of cellular
origins, and analyses at both the RNA and protein level
have correlated their increased expression with tumor
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progression. Several Rho GTPases have been shown to
regulate diverse signal transduction pathways and are
involved in a variety of biological processes, including cell
morphology, motility, proliferation, and apoptosis[11-13].
It has been known that gastric carcinogenesis is a multistep process with morphological progression involving
multiple genetic and epigenetic events. The results of
studies about RhoA and RhoC showed that RhoA and
RhoC is over expressed in gastric cancers and suggest that
Rho-protein dependent cell signaling may be important for
gastric carcinogenesis transformation; it therefore might
be anticipated that inhibition of Rho-protein synthesis
could provide an effective means for inhibiting cancer cell
proliferation and invasiveness[14,15].
Rho protein up-regulation or overexpression correlates
with poor prognosis in gastric cancer patients[16,17]. Rho
kinases (ROCKs) are protein serine/threonine kinases and
are down-stream effector molecules of Rho. Rho GTPases,
including RhoA and RhoC are highly expressed in a
variety of human cancers, including gastric cancer. RhoAGDPases became activated RhoA- GTPases in cancerous
cells[18,19]. Rho-kinase (also termed ROCK) is involved in
the activity of cancer via invasion and metastasis through
Rho/ROCK pathway[20,21].
Deletion or down-regulation of tumor related
genes plays an important role in the multiple steps of
tumorigenesis and progression of gastric carcinoma.
We used gastric carcinoma cells and RNA interference
(iRNA) approach to analyze the functions of RhoA and
RhoC, two Rho isoforms that share high sequence identity.
What we have discovered indicates that RhoA impedes
the migration and invasion of gastric carcinoma cells, a
function distinct from RhoC[22,23].
The regulation of RhoA and RhoC activation and
the mechanisms by which these GTPases influence cell
functions differently are two key issues that need to be
addressed. The fact that the RhoA and RhoC sequences
differ significantly only in their COOH-termini (25)
arguing that the opposing effects of these two isoforms
on invasion resides in these COOH sequences [24]. The
siRNA cells we have generated should be quite useful
for assessing this hypothesis. For example, expression of
COOH-terminal mutants of RhoC in the RhoC siRNA
cells should facilitate the identification of specific RhoC
amino acids that contribute to an invasive phenotype[13,25].
The present study suggests that inhibitor expression
of RhoA and RhoC is common and can inhibit tumor
prog ression in some carcinomas. However, RNA
interference (iRNA) of RhoA and RhoC in progression
of gastric cancer was not reported[26]. We have shown the
successful application of iRNA to assess the functions of
RhoA and RhoC in invasive breast carcinoma cells[27].
As a result, RNA interference of RhoA and RhoC
demonstrated that they are able to inhibit the function of
Rho and Rock protein. The results of numerous studies
support the hypothesis that inhibition of Rho-dependent
cell signaling could provide an effective means for the
prevention of invasion and metastasis[28,29].
According to some reports, the RhoA siRNA have been
related to cancer cell aggressiveness. The RhoA siRNA can
inhibit both proliferation and invasion of tumor cells, and
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RhoC siRNA maybe be expected to decrease secretion of
angiogenic factors, leading to reduced angiogenesis. We
combined RhoA siRNA with RhoC siRNA to result in
synergism functions in our studies.
LY294002, as an inhibitor of the PI3K/Akt pathway,
can exert anti-carcinoma effects on invasion and metastasis
of the cells through PI3K/Akt pathway. We used
LY294002 as a positive control[30]. Our data demonstrate
that RhoA and RhoC siRNAs are more effective than
the classical Rho- dependent signaling inhibitors at
blocking cancer cell aggression. Indeed, The mechanisms
responsible for this resistance to LY294002 is not yet
known, but can perhaps be explained by the fact that the
product of the Ki-ras proto-oncogene remains prenylated
in FTI-treated but not in GGTI-treated cells. Compared to
RhoA or RhoC siRNA, probably reflects the former lack
of specificity, since GGTI also inhibits the prenylation of
several other proteins[31].
Boyden chamber[32] has been regarded as method of
evaluation of invasion power of cells in vitro. The number
of invasive SGC7901 cells was significantly inhibited after
being infected with a RhoA siRNA combined with RhoC
siRNA. These results imply that gene therapy mediated
by adenovirus may be useful for inhibiting growth and
inducing anti-invasion of SGC7901 cells.
In summar y, combined RhoA and RhoC siRNA
transfections can down-regulate the corresponding mRNA
and protein levels in SGC7901 cells. RhoA and RhoC
siRNA gene therapy mediated by adenovirus may be
useful for inhibiting growth, anti-invasion and metastasis
of SGC7901 cells through the PI3K/Akt pathway. These
results provide a novel therapeutic target in preventing
cancer cell invasion and metastasis.
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Abstract
Clinical severity of scrub typhus ranges from mild to
fatal. Acute pancreatitis with abscess formation is a rare
complication among patients with scrub typhus. This
paper reports a case of scrub typhus in a 75 years old
man with acute pancreatitis with abscess formation and
multiorgan failure. Abdominal computed tomography
showed multiple infected pancreatic pseudocysts with
peri-pancreatic infiltration. Multiorgan failure was
successfully treated with doxycycline, ceftriaxone, and
supportive management. The pancreatic abscess was
successfully drained percutaneously and the sizes of
pseudocysts decreased remarkably.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Scrub typhus is a widespread Asian zoonotic disease
that is caused by infection with Orientia tsutsugamrushi
(Rickettsial disease) transmitted by the bite of larval
trombiculid mites (chiggers) [1]. It starts to grow at the
location of the bite and a characteristic skin lesion known
as an 'eschar' is formed. The rickettsia then spreads
systemically via the hematogenous and lymphogenous
routes. The infected patient develops various systemic
symptoms and reaction including fever, exanthomatous
rash, myalgia, and diffuse lymphadenopathy[2]. Clinical

severity of the scrub typhus ranges from inappreciable,
mild, to severe or fatal. Reported severe complications
of scrub typhus include pneumonitis, acute renal failure
(ARF), acute respiratory distress syndrome (ARDS),
myocarditis, and septic shock [3-5]. Acute pancreatitis is,
however, very rarely developed in the scrub typhus[6]. And
pancreatic abscess formation as a complication of the
acute pancreatitis has not been previously reported.
We reported a case of scrub typhus with unusual and
serious multiorgan involvement, including ARF, interstitial
pneumonitis with ARDS and acute pancreatitis with
pancreatic abscess formation.

CASE REPORT
A 75-year-old man who is a farmer in the rural area was
admitted because of high fever, myalgia, dyspnea and rash
in the chest wall and lower extremities. On the admission,
he was in acute distress with body temperature of 39℃,
pulse rate of 117 beats/min, respiratory rate of 38/min
and blood pressure 90/60 mmHg. Diffuse erythematous
rashes over the anterior chest, lower extremities, and
eschar over the left axilla were observed. The sclera
was icteric and the abdomen was ovoid in shape. Bowel
sound was hypoactive and the liver and the spleen were
not palpable. The leukocyte count was 11 900/mm 3 ,
with 92.6% neutrophil and 9% lymphocyte. The level
of hemoglobin, hematocrit, platelet and CRP were 14.2
g/dL, 38.2%, 36 000/mm 3, and 15.0 mg/dL (normally
0-0.4 mg/dL), respectively. Prothrombin and partial
thromboplastin time were prolonged to 17.3 s (42.8%) and
44.4 s, respectively. Fibrinogen was 144 mg/dL (normally
196-391 mg/dL), FDP over 20 μg/mL (normally less than
5 μg/mL), D-Dimer 677 μg/mL (normally less than 246
μg/mL). Serum liver, renal and pancreatic profiles were as
follow: total bilirubin 9.4 mg/dL (normally 0.2-1.3 mg/
dL); alkaline phosphatase 614 U/L (normally less than 250
U/L); aspartate aminotransferase 619 U/L (normally less
than 40 U/L); alanine aminotransferase 163 U/L (normally
less than 40 U/L); albumin 2.4 g/dL (normally 3.5-5.1
g/dL); amylase 241 U/L (normally 28-160 U/L); lipase
145 U/L (normally 0-60 U/L); BUN 59 mg/dL (normally
5-23 mg/dL); creatinine 1.7 mg/dL (normally 0.5-1.4 mg/
dL). Serologic test for Orienta tsutsugamushi turned out
positive on the second day (Ig M titer, 1:2048).
Chest radiography showed a massive alveolar infiltrate
and effusion in the both lung fields (Figure 1). Abdominal
computed tomogram (CT) showed mild edematous
pancreas with peri-panceratic infiltration, thickened wall of
www.wjgnet.com
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Figure 1 Chest PA. Chest
radiography shows a
massive alveolar infiltrate
and pleural effusion in the
both lung fields.

A

Figure 2 Abdominal CT
scan. A: CT shows a cystic
lesion in the pancreatic
tail and peripheral fat
infiltration; B: CT shows
two cystic lesions in the
head and the tail.

B

gallbladder and peri-renal fluid collection.
Based on the confirmation of scrub typhus with ARF,
ARDS, and pancreatitis, doxycycline and ceftriaxone
were daily administerd intravenously in the amount of
200 mg/d and 2 g/d, respectively. The patients' lung and
kidney conditions improved markedly four weeks later,
but severe abdominal pain and high fever reappeared. And
the levels of amylase and lipase were elevated more than
previous levels, to amylase 598 U/L and lipase 696 U/L,
respectively. Follow up abdominal CT showed newlydeveloped large and multiple pancreatic pseudocysts on
the head and the tail (Figure 2A and B). It was suspected
that pancreatic abscess formed due to secondary infection.
Percutaneous pancreatic abscess drainage was carried
out. On the fifth day, after the drain, the abdominal pain
and fever disappeared, and the general condition was
also improved. The patient recovered completely and the
serum level of amylase decreased to normal level. He was
discharged on the 57th d. On the 14th d after the discharge,
follow-up abdominal CT scan showed markedly decreased
size of the pseudocysts and completely resolved pancreatic
edema and peri-pancreatic infiltrations.
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disease of rural south and south-eastern Asia and the
western Pacific where an estimated 1 million cases occur
each year, mainly among people of engaged in logging,
clearing of land, and working in rice field. More than
80% of the patients accompanied with fever, rash,
myalgia and generalized lymphadenitis, and 50%-80%
have an inoculation eschar[7]. The cases are often mild,
but if pneumonitis, menigo-encephalitis, disseminated
intravascular coagulation, or renal failure is commonly
observed if left untreated. Scrub typhus can be considered
the most likely etiologic diagnosis. In the case presented
here, the patient had symptoms such as fever, rash,
myalgia and eschar, and strongly positive serologic test
for rickettsial infection. He had also severe pneumonitis
with ARDS, ARF, and septic shock. Pneumonia is a welldocumented serious complication of the rickettsial disease,
but ARDS is rare[8].
Pancreatitis has also been reported in patient with
concomitant leptospirosis and scrub typhus[6]. Elevated
serum pancreatic enzymes including amylase and lipase
have been reported, but they were associated with renal
failure. Acute pancreatitis associated with pancreatic
abscess, with detectable change in the pancreatic image,
reported in this case, is extremely rare in the patient
with solitary scrub typhus, and has not been previously
reported. The mechanism responsible of the development
of the acute pancreatitis may involve and intrinsic
inflammatory process via vasculitis, but the precise nature
of this mechanism is not well known. The pancreatic
abscess is a consequence of severe acute pancreatitis
and is a circumscribed intra-abdominal collection of
pus containing little or no pancreatic necrosis, usually in
the proximity of the pancreas. It is likely that pancreatic
abscesses are a consequence of limited necrosis, with
subsequent liquefaction and secondary infection during the
course of severe acute pancreatitis[9]. Overall frequency of
bacterial infection of necrotic areas in the natural course
of the severe acute pancreatitis is about 30% to 40%[10]. In
our case, the infected pancreatic abscess was successfully
drained via percutaneous approach. The patients' pain and
fever disappeared and the size of cysts decreased gradually.
Fatality rate of the scrub typhus ranges from 1% to
35%, depending on the infecting strain, host factors, and
treatment [11]. Although scrub typhus with mutliorgan
failure is a life-threatening disease, a favorable outcome
can be expected if treated with appropriate antibiotics.
Use of tetracycline for populations at risk of scrub typhus
has dramatically reduced the associated mortality rate and
probably explains the decrease in severe complications[12].
Acute pancreatitis and pancreatic abscess with
multiorgan failure is rare, but might be very important
manifestation of the scrub typhus. Appropriate antibiotic
treatment and interventional approach can help the patient
and result in a good outcome.
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PubMed), publication date, volume number (in black), start page, and end
page [PMID: 11819634]
Note: The author should test the references through reference testing
system (http://www.wjgnet.com/cgi-bin/index.pl)
Style for book references
Authors: the first author should be typed in bold-faced letter. The surname
of all authors should be typed with the initial letter capitalized and followed
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals
English journal article (list all authors and include the PMID where applicable)
1
Grover VP, Dresner MA, Forton DM, Counsell S, Larkman DJ, Patel N,
Thomas HC, Taylor-Robinson SD. Current and future applications of
magnetic resonance imaging and spectroscopy of the brain in hepatic
encephalopathy. World J Gastroenterol 2006; 12: 2969-2978 [PMID:
16718775]
Chinese journal article (list all authors and include the PMID where applicable)
2
Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of
Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shijie Huaren
Xiaohua Zazhi 1999; 7: 285-287
In press
3
Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of
balancing selection in Arabidopsis. Proc Natl Acad Sci U S A 2006; In
press
Organization as author
4
Diabetes Prevention Program Research Group. Hypertension,
insulin, and proinsulin in participants with impaired glucose tolerance.
Hypertension 2002; 40: 679-686 [ PMID: 12411462 ]
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Both personal authors and an organization as author
5
Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One
Study Group. Sexual dysfunction in 1, 274 European men suffering
from lower urinary tract symptoms. J Urol 2003; 169: 2257-2261 [PMID:
12771764]
No author given
6
21st century heart solution may have a sting in the tail. BMJ 2002; 325:
184 [PMID: 12142303]
Volume with supplement
7
Geraud G, Spierings EL, Keywood C. Tolerability and safety of
frovatriptan with short- and long-term use for treatment of migraine
and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99
[PMID: 12028325]
Issue with no volume
8
Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section
analysis in revision total joint arthroplasty. Clin Orthop Relat Res 2002;
(401): 230-238 [ PMID: 12151900 ]
No volume or issue
9
Outreach: bringing HIV-positive individuals into care. HRSA Careaction
2002; 1-6 [PMID: 12154804 ]
Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary system. 9th ed.
Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical treatment for
peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation and
basis for therapy. New York: Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd ed.
Wieczorek RR, editor. White Plains (NY): March of Dimes Education
Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ Cell Tumour Conference; 2001 Sep
13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's computational effort
statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP
2002: Proceedings of the 5th European Conference on Genetic
Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002:
182-191
Electronic journal (list all authors)
Morse SS. Factors in the emergence of infectious diseases. Emerg
Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1): 24 screens.
Available from: URL: http//www.cdc.gov/ncidod/EID/eid.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible
endoscopic grasping and cutting device and positioning tool assembly.
United States patent US 20020103498. 2002 Aug 1

Inappropriate references

Authors should always cite references that are relevant to their article, and
avoid any inappropriate references. Inappropriate references include those
that are linked with a hyphen and the difference between the two numbers at
two sides of the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3,
4-10, 22] are all considered as inappropriate references. Authors should not
cite their own unrelated published articles.

Statistical data

Present as mean ± SD or mean ± SE.

Statistical expression

Express t test as t (in italics), F test as F (in italics), chi square test as χ2 (in
Greek), related coefficient as r (in italics), degree of freedom as γ (in Greek),
sample number as n (in italics), and probability as P (in italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose
concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration,
p (CEA) = 8.6 24.5 µg/L; CO2 volume fraction, 50 mL/L CO2 not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction,
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format about how to accurately write common units and quantum
is at: http://www.wjgnet.com/wjg/help/15.doc
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Abbreviations

Standard abbreviations should be defined in the abstract and on first mention
in the text. In general, terms should not be abbreviated unless they are
used repeatedly and the abbreviation is helpful to the reader. Permissible
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly used
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC,
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used
directly without further mention.

Italics

Quantities: t time or temperature, c concentration, A area, l length, m mass,
V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H pylori, E coli, etc.
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Abstract
Benign biliary strictures are being increasingly treated
with endoscopic techniques. The benign nature of the
stricture should be first confirmed in order to ensure
appropriate therapy. Surgery has been the traditional
treatment, but there is increasing desire for minimally
invasive endoscopic therapy. At present, endoscopy has
become the first line approach for the therapy of postliver transplant anastomotic strictures and distal (Bismuth
Ⅰand Ⅱ) post-operative strictures. Strictures related to
chronic pancreatitis have proven more difficult to treat,
and endoscopic therapy is reserved for patients who
are not surgical candidates. The preferred endoscopic
approach is aggressive treatment with gradual dilation of
the stricture and insertion of multiple plastic stents. The
use of uncovered self expandable metal stents should
be discouraged due to poor long-term results. Treatment
with covered metal stents or bioabsorbable stents
warrants further evaluation. This area of therapeutic
endoscopy provides an ongoing opportunity for fresh
research and innovation.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Therapy of benign biliary strictures can pose great
challenge. Surgical repair traditionally has been the
preferred approach. Lately with advances in therapeutic
endoscopy, there is increased opportunity for endoscopic

management. The lack of well designed trials, combined
with evolving technology allows opportunity for further
advances.

ETIOLOGY
An understanding of the etiology of the stricture can help
guide therapy. The etiology of benign biliary strictures is
diverse (Table 1). In Western countries, the most common
type is the post-operative stricture. Strictures can occur
secondary to intraoperative injury, most commonly during
laparoscopic cholecystectomy. Anastomotic strictures are
seen following bile duct reconstruction or orthotopic liver
transplant (OLT)[1,2]. Benign strictures can also occur in
the setting of chronic pancreatitis. These strictures often
develop within the intrapancreatic portion of the common
bile duct [3]. A common cause of bile duct stricture in
Asia is infection with the fluke, Clonorchis sinensis. While
these strictures are benign in nature, they can progress
to cholangiocarcinoma. Other causes of benign biliary
stricture include primary sclerosing cholangitis, recurrent
cholangitis, sarcoidosis, abdominal trauma, ischemic injury,
chemotherapy, radiation therapy, HIV cholangiopathy,
Mirizzi syndrome, vasculitis in lupus or polyarteritis
nodosa, infections such as tuberculosis and histoplasmosis,
sphincter of Oddi dysfunction, papillary stenosis, and
choledochal cyst.

CLASSIFICATION
Bismuth et al[4] in 1978 proposed a classification based on
the location of the biliary stricture (Table 2). Bismuth I
strictures are located > 2 cm distal to the confluence of the
left and right hepatic ducts (hepatic bifurcation). Type Ⅱ
strictures are located < 2 cm from the hepatic bifurcation.
Bismuth Ⅲ lesions are present at the bifurcation. Type Ⅳ
lesions involve the right or left hepatic ducts, while type Ⅴ
lesions extend into the right or left hepatic branch ducts.

PRESENTATION
Benign biliary strictures are associated with a broad
spectrum of presentations, from subclinical disease
with mild elevation in liver function tests to complete
hepatic obstruction with jaundice and hyperbilirubinemia.
Recurrent cholangitis is a life-threatening complication
of biliary strictures. Biliary stones may develop above
the stricture and provide a nidus for persistent infection.
Chronic low-grade biliary obstruction may have devastating
long-term consequences by leading to secondary biliary
www.wjgnet.com
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Table 1 Etiologies of benign bile duct strictures
Surgical
Cholecystectomy (open or laparoscopic)
Biliary anastomosis
Orthotopic liver transplant
Biliary reconstruction
Chronic pancreatitis
Clonorchis sinensis
Primary sclerosing cholangitis
Recurrent cholangitis
Sarcoidosis
Abdominal trauma
Ischemic injury
Chemotherapy
Radiation therapy
HIV cholangiopathy
Mirizzi syndrome
Vasculitis
Infection (e.g. tuberculosis or histoplasmosis)
Sphincter of Oddi dysfunction
Choledochal cyst
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Clinical history and presentation consistent with biliary stricture

Initial laboratory evaluation (include
CA19-9 and CEA if suspicion for
malignancy is sufficient)

Trans-abdominal ultrasound

Additional radiographic investigations,
depending on the index of suspicion and
clinical scenario with MRCP, PET/FDG,
or CT cholangiogram

ERCP (both diagnostic and therapeutic
applications) may incorporate brushings,
SpyGlass cholangioscope, IDUS, and/or
intraductal forceps biopsy.

EUS guided FNA

Table 2 Bismuth
classification
for72
benign
biliary strictures
Frequency
of the codon
genotype
Bismuth classification
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

Location
> 2 cm distal to the hepatic bifurcation
< 2 cm distal to the hepatic bifurcation
At the level of the hepatic bifurcation
Involves the right or left hepatic duct
Extends into the left or right hepatic branch ducts

cirrhosis and development of end-stage liver disease[5].
Post-operative strictures present at various intervals after
the procedure. If the duct was clipped, the patients usually
present within days. By contrast, it may take over a year for
symptoms to become evident if a stricture develops from
heat injury or biliary leak[6]. Strictures due to transplantrelated biliary anastamosis have a variable presentation,
from a few days to over 2 years after transplantation[7].

DIAGNOSIS AND EVALUATION OF
BILIARY STRICTURE
Before deciding on a therapeutic plan, it is of utmost
importance to thoroughly investigate the stricture
(Figure 1). Of special interest is to ascertain whether
a stricture is benign or malignant. In post-operative
patients, the clinical history may be sufficient to ensure
the benign nature of the stricture. In cases where there
is ambiguity about the etiology of the stricture, further
work-up is helpful. Benign strictures tend to have lower
alkaline phosphatase and AST levels than malignant
strictures[8]. Tumor markers, such as carbohydrate antigen
19-9 with a value greater than 100 U/mL have been found
to be 50%-60% sensitive for cholangiocarcinoma and
gallbladder cancer[9]. Unfortunately the specificity of this
test is very low since carbohydrate antigen 19-9 levels are
increased in benign biliary obstruction as well[10]. Elevated
carcinoembryonic antigen level is present in nearly 40%
patients with pancreatic cancer[11].
www.wjgnet.com
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Figure 1 Flow chart demonstrating the diagnostic work-up of biliary strictures.

Trans-abdominal ultrasound is often the first
investigation carried out to evaluate biliary strictures.
This test usually identifies the presence of an obstruction
and may help localize the site of the obstruction.
Hepatic scintigraphy with imino-diacetic acid (HIDA)
is highly sensitivity in showing an obstructive process,
but beyond this provides little additional diagnostic
information[12]. HIDA scans have been used to confirm
improved biliary drainage after treatment of strictures[13].
Magnetic resonance cholangio-pancreatography (MRCP)
is increasingly utilized to evaluate the biliary tree and
help localize a lesion before a therapeutic procedures
is undertaken. MRCP is especially useful in high grade
strictures, which are difficult to inject with contrast
from a proximal duct. MRCP is also useful in patients
with a transected duct where opacification of the
excluded distal segments is difficult. Helical and multidetector CT scanners have allowed the development
of CT cholangiography; however, at the present time
this technique is used much less frequently than MRCP.
Initial clinical studies suggest a potential role of positron
emission tomography (PET) using 2-[18F]fluoro-2-deoxyD-glucose (FDG) in differentiating cholangiocarcinoma
from benign disease [14] . An additional benefit of
radiographic imaging studies is that they provide valuable
information about the surrounding structures and organ
systems and allow assessment of a more wide-spread
disease process involving the biliary tree.
Endoscopic techniques can provide additional
diagnostic infor mation about the biliary stricture.
Endoscopic retrograde cholangio-pancreatography
(ERCP) helps to characterize the stricture by providing
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Benign biliary stricture

BismuthⅠor Ⅱ postoperative stricture

Post-OLT stricture

Other benign biliary
strictures

Contraindication to
surgery
Endoscopic therapy: ERCP with
gradual dilation of stricture and
placement of multiple stents

Surgical therapy: traditionally
involves anastomosis of bile
duct to small bowel

Figure 2 Flow chart demonstrating the therapeutic options for initial treatment of
benign biliary strictures.

tissue samples. Although, the sensitivity of bilary fluid
and brush cytology is low; the addition of fine needle
aspiration biopsy and intraductal forceps biopsy ("triple
tissue sampling") improves the sensitivity to about 60%[15].
It has been observed that the addition of fluorescence
in situ hybridization (FISH) analysis to routine brush
cytology improves the diagnostic accuracy[16]. Some recent
data shows higher sensitivity and specificity with biliary
brush cytology for the diagnosis of cholangiocarcinoma
in primary sclerosing cholangitis, with a sensitivity of 70%
to 100% and specificity of 80% to 95%[17]. Conflicting
data exists as to whether intraductal ultrasonography
(IDUS), when used to supplement ERCP, improves the
ability to distinguish benign from malignant strictures[18-20].
Some studies have shown that IDUS improves the
accuracy of ERCP in differentiating malignant from
benign strictures to nearly 90%[21]. Endoscopic ultrasound
(EUS) with fine needle aspiration (FNA) may also help
determine whether the stricture is benign or malignant.
Currently, the sensitivity of EUS-FNA for the diagnosis
of malignant strictures varies widely, from 43% to
86%[22-24]. The SpyGlass peroral cholangiopancreatoscopy
system is a developing technolog y that utilizes a
fiberoptic cholangioscope passed through a therapeutic
duodenoscope, and allows biopsy of the biliary tract under
direct vision[25]. A recent report in humans showed that its
use is indeed clinically feasible[26]. The SpyGlass system was
evaluated in 35 patients with indeterminate stricture and
demonstrated a sensitivity of 71% and specificity of 100%
in diagnosing malignancy. Prospective multicenter trials
are currently underway to further evaluate the SpyGlass
system.

TRADITIONAL THERAPY
Traditionally, surgery has been the treatment of choice
for benign extrahepatic bile duct strictures and usually
involves creating an anastomosis between the bile duct
and the small bowel (Figure 2). A choledocho-jejunostomy
or choledocho-duodenostomy is created for distal
common bile duct strictures, while a hepatico-jejunostomy
is performed for high common bile duct strictures.
Complex biliary leaks or transected ducts may require
partial hepatectomy or orthotopic liver transplantation.
Success rates are upwards of 90% after surgery involving
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small bowel anastomosis, and reintervention rates are
less than 10%[27-29]. Complications of surgery including
side effects of general anesthesia, laparotomy, and
extended hospitalization are seen in about 25% patients[7].
Furthermore, recurrent stricture rate varies from 10%
to 45%[6,30-35]. Many patients are poor surgical candidates
because of comorbidities and may prefer an initial attempt
at less invasive treatment. Endoscopic therapy does not
preclude surgery, because if it is unsuccessful, surgery
can still be performed. As a result, minimally invasive
endoscopic treatment is an attractive option for the
management of benign biliary strictures.

ANTIBIOTIC TREATMENT BEFORE
CORRECTIVE THERAPY
Resistance to bile flow secondary to a biliary stricture
follows the Hagen-Poiseuille's law, which states that the
resistance to flow in a tube is inversely proportional to
the fourth exponent of the tube's radius. Thus, the overall
goal of therapy is to increase the radius of the stenosis.
According to this law, even small increases in the diameter
decrease the resistance significantly. However, until the
stenosis is remedied, the static bile provides an excellent
culture medium for bacterial growth, and the development
of cholangitis. Indeed, nearly 25% patients with obstructive
jaundice have significant bacterobilia[36]. Therefore, patients
with obstructing lesions should receive prophylactic broadspectrum antibiotics before an endoscopic procedure.
The duration of antibiotic prophylaxis is guided by the
outcome of the intervention, i.e., whether or not it was
successful in relieving the obstruction[37]. Adequate choices
for antibiotic prophylaxis include piperacillin, cefuroxime,
and ciprofloxacin[38,39]. Coverage for pseudomonas should
be added if local epidemiological data suggests high rates
of this infection, or if there is a history of improper
disinfection of endoscopes[37]. Regardless of the antibiotic
therapy, the single most important factor in preventing
cholangitis is relief of the obstruction.

ACCESSING THE STRICTURE
Retrograde cholangiogram is not only difficult to perform
in the presence of a tight biliary stricture, but the
passage of a guidewire across the stricture becomes quite
challenging. Benign strictures, especially those associated
with chronic pancreatitis, may be surrounded by dense
fibrous tissue. As a result, the introduction of guide
wires becomes very difficult. The standard endoscopic
dilating device used for traversing strictures is 5F in size
and is passed over a 0.035 inch guidewire. Several other
approaches have been used in such a situation. The 7F
Soehendra screw-type stent extractor (Cook Medical,
Winston Salem, NC) is useful in difficult strictures[38-43].
Another technique is to use a 3.3F peripheral angioplasty
balloon threaded over a 0.018 inch guidewire [44]. This
balloon inflates to a 6.0 mm diameter at 16 atm pressure.
A steerable catheter (Autotome Rx, Boston Scientific,
Natick, MA), with tapered tip sizes ranging from 3.9F to
4.9F facilitates traversing complex hilar strictures[45]. If the
www.wjgnet.com
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endoscopic approach is not successful in traversing the
stricture, it may become necessary to consider a combined
endoscopic and percutaneous approach [46]. Regardless
of the method used, therapeutic procedures for biliary
strictures require a high degree of patient cooperation, and
the use of general anesthesia often helps in achieving a
successful outcome[47].

POSTOPERATIVE STRICTURES
It has been estimated that 0.1% to 0.2% of patients
develop a biliary stricture after open cholecystectomy[48,49].
Since the introduction of laparoscopic cholecystectomy
in 1985, the rates of bile duct injury with resultant
stenosis from intraoperative injury have decreased as
the surgeons have gained greater experience with the
procedure. Currently, the biliary stricture rates vary from
0.2% to 0.7% [27,50-53], although some reports indicate
figures as high as 2.8% [54]. Biliary complications also
occur frequently after orthotopic liver transplantation,
with an incidence of around 12%-13%[55,56]. One of the
most common complications is stricture formation at the
choledochocholedochostomy anastomosis. These strictures
are the result of a size mismatch between the donor and
recipient ducts, and ischemia at the anastomotic site[2].
As mentioned previously, surgical therapy has
traditionally been the preferred approach in correcting
benign biliary strictures. However, beginning in the 1970's,
minimally invasive therapies gained greater acceptance. A
report from the Johns Hopkins Hospital on 42 patients,
from 1979 to 1987, compared surgical therapy with
percutaneous balloon dilation[27]. After a 5-year follow-up,
recurrence of jaundice or cholangitis were markedly lower
in the surgical group (treated with Roux-Y choledocho- or
hepaticojejunostomy) compared to balloon dilation (12%
vs 45%). Of note, the total hospital stay and cost associated
with therapy were not significantly different between the
two groups.
T he success rates beg an to improve with the
introduction of endoscopic stenting. The initial clinical
data showed short-term benefit from endoscopic therapy.
A 1986 case series documented 21 patients who had one or
two 10F stents placed for benign postoperative stricture[57].
After a follow-up of at least 6 mo, 19 patients (90%) had
a good (14%) or excellent (76%) result. Another report
in 1989, described 29 patients with benign postoperative
biliar y stricture who underwent endoscopic stent
placement with a single 7F, 9.5F, or 11.5F stent inserted
for a mean of 162 d before removal[58]. During follow-up
of 19 mo, 74% patients demonstrated successful response
to therapy, with 48% showing an excellent response and
26% having a good response.
The success of endoscopic treatment for benign
postoperative biliary strictures was confirmed by studies
with more long-term patient follow-up. A 1989 report[59]
on 25 patients who underwent endoscopic balloon
dilation with or without stent placement revealed that
88% patients benefited from the procedure, and none
suffered a recurrence of symptoms, stricture formation or
elevation of the liver function tests during 4-year followup. Furthermore, there was no significant morbidity or
www.wjgnet.com
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mortality associated with the endoscopic therapy. Another
study on 70 patients who received endoscopic stenting for
post-operative biliary strictures was published in 1992[60].
The patients were followed for a mean of 42 mo. Outcome
assessment revealed that 83% patients had excellent
(defined as remaining asymptomatic with normal or stable
liver enzymes) or good results (defined as having only one
episode of cholangitis). Thus, these studies revealed that
endoscopic therapy offered a safe and effective alternative
to surgery for benign biliary strictures.
A direct comparison of surgical and endoscopic
therapy was published in 1993, with 66 patients in the
endoscopic therapy group and 35 patients in the surgical
group[35]. This trial was non-randomized and non-blinded,
and the type of therapy selected was based on patient and
physician preference. Endoscopic therapy consisted of a
single 10F plastic stent placed after biliary sphincterotomy,
followed 6 wk later by exchange with two 10F stents.
These stents were then changed electively every 3 mo
for 1 year. Surgical therapy consisted of biliary-bowel
anastomosis, usually hepaticojejunostomy. The mean
length of follow-up was 50 mo for the surgery group and
42 mo for the endoscopic group. Early complications
occurred more frequently in the surgically treated group
(26% vs 8%). Late complications occurred only in the
endoscopically treated patients (27% vs 0%), mostly due
to stent occlusion and resultant cholangitis. Recurrent
stricture occurred in 17% of patients in both the surgical
and endoscopic groups. These findings suggested that
surgery and endoscopy have similar long-term success rate
in benign biliary strictures.
A retrospective case-control study on 42 patients
with postcholecystectomy stricture revealed similar
results with surgery and endoscopic treatment[61]. Twenty
patients were treated endoscopically with one to three
10F to 12F stents, while 22 patients received surgery
(hepaticojejunostomy, choledochojejunostomy, or
intrahepatic cholangiojejunostomy). The patients were
followed for at least 60 mo. Excellent or good results were
achieved in 77% with surgery vs 80% with endoscopic
treatment, revealing no significant difference in outcome
between the two groups. The average length of hospital
stay was shorter in the endoscopy group compared
with the surgery group (5.8 vs 10.8 d). Again, the main
complication of the endoscopic group was stent occlusion
and cholangitis.
In 2006, a French group published data showing
benefit with ERCP-directed therapy for post-laparoscopic
cholecystectomy biliary stricture[62]. Sixty-five patients had
balloon dilatation followed by stent placement (one to
four stents per patient, with a mean of 1.6 stents inserted
simultaneously and exchanged at approximately 3 mo
intervals). Stents remained in place for an average of 14
mo, and patients were followed for 28 additional months
after the stents were removed. A success rate of 69%,
defined as normal ultrasound and liver function tests, was
obtained in this group.
Stent placement is associated with complications that
may limit the role of endoscopic therapy. As mentioned
previously, there is a significant risk of stent occlusion
and subsequent cholangitis. Also, there is a tendency for
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strictures to fibrose around the stent as the time from
the initial dilation increases. To avoid these problems,
attempts to place multiple stents across the stricture
have been made. In theory, multiple stents should permit
greater stricture dilation over a longer period of time;
thus, preventing restenosis when the stents are removed.
Furthermore, the incidence of jaundice and cholangitis
should decrease when multiple stents are placed, because
even if all the stents become occluded, some bile flow may
occur in the spaces between the stents.
A report of 45 patients treated with endoscopic
insertion of multiple plastic stents was published in
2001 [63]. After pneumatic dilation of the stricture, the
maximum possible number of 10F stents based on the
tightness of the stricture and the diameter of the bile
duct were inserted. As many as 4 stents were placed
simultaneously during the index ERCP. Every 3 mo, the
stents were exchanged with an increasing number of
stents until the stricture was obliterated on an occlusion
cholangiogram. Forty patients were able to complete the
protocol and were followed for 49 mo. Thirty nine of
the 40 patients (97.5%) had no recurrence of symptoms
related to recurrence of biliary stricture, and liver function
tests and ultrasound examinations remained normal.
The one patient who developed symptoms experienced
2 episodes of cholangitis but did not have stricture
recurrence. Thus, this more aggressive approach with
increased numbers of stents placed across strictures may
be associated with an improved long-term outcome.
In 2002, further data confirmed that multiple stents
allow better success in correcting postoperative benign
biliary strictures [64]. This study evaluated 29 patients
with benign strictures, of which 19 were post-surgical.
Patients had balloon dilation and one stent, with the
largest diameter technically possible, placed during the
index ERCP. At 3 mo intervals, additional stents were
placed without removal of the indwelling stents if
possible, and additional balloon dilation was performed
if necessary. After 12 mo from the index ERCP, all stents
were removed, and the patients were followed clinically
for 48 mo. In the post-operative stricture group, the
treatment was successful in 64% patients, defined as lack
of symptoms, normal alkaline phosphatase and bilirubin,
and no evidence of stricture by imaging studies (ERCP
or MRCP) if available. Only 2 patients developed mild
cholangitis during the follow-up period, and this occurred
when the patients had only 1 stent in place. Additionally,
the data revealed that the distal post-operative lesions
(BismuthⅠand Ⅱ) were associated with better success rate
compared with proximal hilar lesions (Bismuth Ⅲ) (80% vs
25%).
A 2005 report from Hungary documented a series of
20 patients with distal common bile duct strictures related
to a previous endoscopic biliary sphincterotomy in the
setting of choledocholithiasis[65]. The patients underwent
endoscopic therapy consisting of sequential insertion of
an increasing number of plastic stents every three months,
with steadily increasing diameters until the stricture was
seen to resolve on cholangiogram. Stents were left in place
for an average of 9 mo, and the median maximum stent
diameter was 20F. Follow-up was performed for an average
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of 14.5 mo, during which time 18 of 20 patients (90%)
had no stricture recurrence or need for repeat ERCP with
stent placement. This study provided additional evidence
in favor of sequential stent placement with increasing
numbers of biliary stents in the treatment of distal biliary
strictures.

POST-OLT STRICTURES
Because of the high incidence of biliary complications
after liver transplantation, an increasing body of data
has developed with regard to the treatment of postOLT biliary strictures. A report of 15 patients with postOLT strictures was published in 2000 [66]. ERCP was
used to access the stricture for balloon dilation, but no
stents were placed. Among patients where ERCP was
successful in accessing the stricture, the outcome was
considered to be good in 4 (27%), partial in 3 (20%), and
poor in 5 (33%). Thus, this study showed that balloon
dilation by itself was not a reliable method for treatment
of anastomotic strictures. Greater success was observed
when stent placement was used in addition to balloon
dilation. For example, a 2003 study [67] on 22 patients
with post-OLT anastomotic strictures who were treated
endoscopically with stent placement and were followed for
54 mo, successful stricture resolution was noted in 20 of
22 (90%). In two patients (10%), only partial success was
demonstrated. Importantly, there was no long-term failure
in any patient.
Further data supporting the use of endoscopic
treatment for post-OLT biliary strictures was published in
2006[68]. A total of 25 patients with anastomotic strictures
seen at ERCP were included in the study. Balloon dilation
alone was compared with dilatation plus placement of
an increasing number of bile duct stents. All patients
were followed for a median of 6 mo after conclusion of
endoscopic therapy. Endoscopic treatment was technically
successful in 22 of 25 patients. Nine patients were treated
solely with balloon dilatation and the treatment was initially
successful in 8 of 9 (89%) patients. However, recurrent
strictures developed in 5 patients (62%). In 15 patients,
a combination of balloon dilatation and stent placement
was utilized, with an increasing number and diameter of
stents placed at a median of 4 sessions at 2 mo intervals.
In this group, initial success occurred in 13 of 15 (87%)
patients, and only 4 of 15 (27%) patients showed stricture
recurrence. These 4 patients were successfully treated
again with a combination of balloon dilatation and stent
placement. These findings confirmed the benefit of
combination treatment with balloon dilation followed by
an increasing number and diameter of stents placed at
intervals of 2-3 mo.

CHRONIC PANCREATITIS RELATED
STRICTURES
Chronic pancreatitis is a cause of benign stricture of the
distal common bile duct in up to 30% patients[69]. Often,
these strictures are found incidentally on ERCP and do not
cause any symptoms. On other occasions, such strictures
www.wjgnet.com
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may result in obstructive jaundice, chronic abdominal
pain, abnormal liver function tests, recurrent cholangitis,
secondary biliary cirrhosis, and choledocholithiasis [5].
Traditionally, surgery is the recommended treatment in
such patients. However, many of these patients are not
ideal surgical candidates due to malnutrition, chronic liver
disease, thrombosis of the splenic or portal veins, and
other comorbidities[70]. Endoscopic therapy is technically
difficult due to dense fibrotic tissue, often associated with
calcification around the distal bile duct.
Endoscopic treatment with balloon dilation and the use
of a single biliary stent has produced excellent technical
success and promising short-term results. However, longterm studies have called into question the benefit of
endoscopic therapy, as studies show that only 10%-28%
patients remain free of obstructive symptoms after
removal of the single plastic stent[69,71-73]. An exception to
this poor response was a study published in 2000 which
also involved placement of a single biliary stent. This
study on 25 patients who underwent balloon dilation and
stenting demonstrated no recurrence of stricture in 20 of
25 patients (80%) over a follow-up period of 32 mo[3].
Other studies have evaluated whether multiple plastic
stents allow for greater success. A comparison of single
versus multiple stents in the treatment of common
bile duct strictures was performed on 12 patients who
received an increasing number of stents placed at 3 mo
intervals over a 14 mo treatment period[74]. A mean of
4.3 stents were placed per patient. The multi-stent group
was compared with a group of 34 patients who had
single stents placed and changed at 3 to 6 mo intervals.
Both groups were followed over a 4 year period, and
both groups included patients with evidence of chronic
calcific pancreatitis (56% in the single-stent group and
50% in the multiple-stent group). At the end of the
follow-up period, 92% patients in the multiple-stent
group remained asymptomatic with normal liver function
tests. Furthermore, the distal common bile duct diameter
was noted to increase from a mean of 1.0 mm to 3.0
mm after treatment. In the single-stent group, patients
demonstrated no change in the diameter of the common
bile duct stenosis, 38% of the group had persistent
liver function test abnormalities, 41% required surgical
choledochoduodenostomy, and 9% died of complications
related to liver disease.
A Hungarian study evaluated 29 patients with common
bile duct stricture due to chronic calcifying pancreatitis [75].
These patients received the maximum possible number of
stents whenever the stents were changed (electively at 3
mo intervals or sooner if stent change was indicated). The
patients received a mean of 2.4 stents with a range between
1 and 5 stents. Eighteen patients (60%) had complete
radiologic and serologic recovery during 1 year follow-up
after a mean stenting time of 21 mo. Five patients (16%)
continued to require stent placements despite a mean
stenting time of 26 mo. Three patients (10%) required
surgery, and 3 patients died (1 of unrelated causes and
2 with septic shock of biliary origin). This study again
showed a higher rate of success with increasing number of
stents.
Nine patients with chronic pancreatitis-induced biliary
www.wjgnet.com
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strictures were included in the previously mentioned
2002 study detailing long-term outcome of benign biliary
strictures treated with multiple stent insertions [64]. The
overall success rate during the 48 mo follow-up was only
44%. However, all 3 patients without pancreatic head
calcifications were treated successfully, while only 1 of
6 patients with pancreatic calcification had a positive
response to therapy. This data suggests that pancreatic
calcification poses an important therapeutic challenge;
however, the small number of patients enrolled in the
study makes it difficult to draw firm conclusions.

METAL STENTS
Metal stents have been employed in an effort reduce
stricture recurrence and to maintain duct patency.
Traditional open-mesh metal stents are associated with
several flaws, including occlusion, stone formation, and
lack of permanency[76]. Epithelial hyperplasia has also
been noted in the bile duct in response to open-mesh
metal stents. This results in the stent becoming embedded
within the wall of the duct and may lead to a chronic
inflammatory process, which could theoretically predispose
the patient to an increased risk of cholangiocarcinoma[77].
Furthermore, surgical management of patients with
metallic stents extending into the intrahepatic ducts is
difficult and may require partial hepatectomy or even liver
transplantation. These drawbacks of metal stents have
traditionally limited their use in benign biliary strictures.
The first use of metal mesh stents in benign strictures
was reported in 1990, when radiologists placed bare metal
stents percutaneously in 17 patients with postoperative
stricture[78]. Fourteen of the 17 patients had failed prior
attempts at surgical repair, and all 17 patients had failed
serial balloon dilations. The metal stents allowed the
majority (82%) of patients to be free of jaundice or
cholangitis during a mean follow-up of 8 mo. There were
no major complications or deaths during that time.
Metal stents have also been used in benign strictures
resulting from chronic pancreatitis. A study on 20
patients with chronic pancreatitis and evidence of biliary
obstruction was reported in 1994 [79]. Eleven of these
patients had failed treatment with plastic stents. All 20
patients had persistent cholestasis, seven patients had
jaundice, and three overt cholangitis. After placement of
uncovered self-expanding metal mesh stents, 90% patients
had relief of jaundice and cholangitis at completion of
the follow-up period (mean of 33 mo). In another study,
13 patients with chronic pancreatitis-related strictures who
had previously shown a poor response to plastic stents
received uncovered self-expanding metal[80]. After a mean
follow-up of 50 mo, 9 patients (69%) were considered to
have a successful response; 4 of the 9 patients required
another procedure due to stent occlusion during the
follow-up period. Therapy during the repeat procedure
consisted of insertion of a second metal stent within the
lumen of the first stent (3 cases) or balloon pull-through
for removal of sludge (1 case). The four unsuccessful cases
had stent occlusion in 3 cases and stent migration in one
case, which were not amenable to endoscopic treatment.
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Another group of 14 patients with symptomatic common
bile duct stenosis associated with chronic pancreatitis,
were treated with partially covered metal stents after
failing plastic stents[81]. All patients responded initially with
resolution of cholangitis and improvement of cholestasis.
However, stent patency rate decreased over time, from
100% at 12 mo to 40% at 24 mo and 37.5% at 36 mo.
Thus, partially covered metal stents are effective in the
initial treatment of strictures, but long term success is
limited due to problems with stent patency.
The disadvantages of uncovered metal stents have
led to the use of covered metal stents, with the potential
benefit that these stents can be removed. In the canine
biliary tract, covered metal stents did not induce epithelial
hypertrophy and did not become embedded in the bile
duct epithelium, unlike bare metal stents[76]. The ability to
remove a covered WallstentTM (Boston Scientific, Natick,
MA) several months after placement was shown in
2004, when 13 of such stents were successfully removed
endoscopically at a single session after a mean duration
of 4.5 mo. By contrast, 4 patients with uncovered metal
Wallstents required multiple endoscopic sessions in
order to remove the stents in a piecemeal fashion. It is
possible that the self-expanding covered metal stents also
serve as potential dilators. However, the use of covered
metal stents needs further evaluation to determine their
therapeutic effectiveness.

Covered metal stents or even bioabsorbable stents may
provide superior results and deserve further investigation.
The area of therapeutic endoscopy will continue to evolve
and offer opportunities for innovative new techniques.

BIOABSORBABLE STENTS

Peer review

Self-expanding stents made of bioabsorbable material may
offer several advantages compared to the plastic and selfexpanding metal stents[82,83]. Studies in porcine models
show that these stents offer improved patency because
of their large diameter, lower biofilm accumulation and
reduced incidence of bile duct proliferative changes.
Furthermore, patients do not have to undergo additional
procedures to remove the stents. Bioabsorbable stents can
be impregnated with pharmaceutical compounds, such
as antimicrobial and antineoplastic agents. The stent's
underlying biological structure can be used as a reservoir
for drug-elution and to control elution kinetics. The
biological stents may provide the necessary framework for
bioengineered tissue culture and/or extra-cellular matrix
for treatment of strictures. However, these stents remains
investigational at the present time.

CONCLUSION
Therapeutic endoscopy plays an important role in the
treatment of benign biliary strictures. Despite the lack
of randomized controlled trials, endoscopy has become
the first line therapy for post-liver transplant anastomotic
strictures and distal (Bismuth Ⅰand Ⅱ) post-operative
strictures. Strictures related to chronic pancreatitis have
proven more difficult to treat, and endoscopic therapy is
reserved for patients who are not surgical candidates. At
present, the preferred endoscopic approach is aggressive
dilation of the stricture and insertion of multiple plastic
stents. The use of uncovered self expanding metal stents
should be discouraged due to poor long-term results.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is an increasingly
recognized cause of liver-related morbidity and mortality.
It can develop secondary to numerous causes but a
great majority of NAFLD cases occur in patients who are
obese or present with other components of metabolic
syndrome (hypertension, dyslipidemia, diabetes). This
is called primary NAFLD and insulin resistance plays a
key role in its pathogenesis. Obesity is characterized
by expanded adipose tissue, which is under a state of
chronic inflammation. This disturbs the normal storage
and endocrine functions of adipose tissue. In obesity, the
secretome (adipokines, cytokines, free fatty acids and
other lipid moieties) of fatty tissue is amplified, which
through its autocrine, paracrine actions in fat tissue and
systemic effects especially in the liver leads to an altered
metabolic state with insulin resistance (IR). IR leads
to hyperglycemia and reactive hyperinsulinemia, which
stimulates lipid-accumulating processes and impairs
hepatic lipid metabolism. IR enhances free fatty acid
delivery to liver from the adipose tissue storage due to
uninhibited lipolysis. These changes result in hepatic
abnormal fat accumulation, which may initiate the
hepatic IR and further aggravate the altered metabolic
state of whole body. Hepatic steatosis can also be
explained by the fact that there is enhanced dietary
fat delivery and physical inactivity. IR and NAFLD are
also seen in various lipodystrophic states in contrary to
popular belief that these problems only occur due to
excessive adiposity in obesity. Hence, altered physiology
of adipose tissue is central to development of IR,
metabolic syndrome and NAFLD.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a disease of
this modern era. It has burst out onto the clinical landscape
over the past 25 years[1] and is likely to become the most
common cause of chronic liver disease[2]. The prevalence
of NAFLD in the general US population is approximately
20% (17% to 33%)[3,4]. Similar data are obtained in the
Japanese and Italian populations[5,6]. NAFLD comprises
a morphological spectrum of liver lesions ranging from
simple triglyceride accumulation in hepatocytes (hepatic
steatosis; HS) to inflammatory and hepatocellular
ballooning injury (non-alcoholic steatohepatitis; NASH),
eventually leading to fibrosis and cirrhosis[7]. Excessive
alcohol intake (> 20 mg/d in females and > 40 mg/d in
males) must be excluded to diagnose NAFLD[8]. NAFLD
is the most frequent cause of abnormal liver function
tests (80% of cases) in the US[9]. Although elevated liver
enzymes often correlate poorly with degree of chronic
liver injury[10], steatosis and fibrosis, a persistently elevated
alanine aminotransferase (ALT) level is often the tipping
point for further diagnostic evaluation. With adoption of
the new ALT standard (≤ 30 U/L in men and ≤ 19 U/L
in women)[11,12], NAFLD can be detected in early stages
and thus may be useful in counseling patients about further
workup. Liver biopsy is subsequently required to confirm
the diagnosis of NASH. Recently, a NAFLD activity score
(NAS) was proposed[13] to assess natural progression and
therapy; however, it requires repeated liver biopsies (Table 1).
Recently, it has been suggested that the non-invasive
blood test called NASH FibroSURE TMwhich includes
quantitative surrogate markers for steatosis (SteatoTest)[14],
fibrosis (FibroTest) [15] and NASH (NASH Test) [16] is
able to assess the liver status of subjects with NAFLD.
These have a sensitivity/specificity of 71%/72% for
significant steatosis; 88%/50% for NASH and 83%/78%
for advanced fibrosis. Further novel non-invasive tests are
needed that will improve the diagnostic accuracy for the
presence, grade and stage of NAFLD.
The pathophysiology of NAFLD is complex and
available data suggest that environmental factors such as
diet, exercise, and/or toxins[17] are likely to be important
in its causation. The fact that the prevalence of NAFLD
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Table 1 Histological scoring and staging system for NASH
Steatosis

Steatohepatitis

Definition
and score
0
1

Macrovesicular
Large fat droplet with signet cell appearance
of hepatocytes
Less than 5%
5% to 33%

Lobular Inflammation
Assessment of inflammatory foci
on 200 × field
Less than 2 foci
2 to 4 foci

2

33% to 66%

More than 4 foci

3
4

More than 66%
-

-

Stages of NASH
Ballooning
Swollen hepatocytes

Fibrosis
On trichome staining

None
Few

None
Perisinusoidal (zone 3) or periportal
1a-mild, zone 3
1b-moderate, zone 3
1c-portal or periportal
Many cells or prominent Perisinusoidal (zone 3)
ballooning
and portal/periportal
Bridging
Cirrhosis

NAFLD activity score (NAS) is defined as the unweighted sum of steatosis (macrovesicular), lobular inflammation and ballooning. Score for a particular
histology ranges from 0 to 8[13]. NASH: non-alcoholic steatohepatitis.

NEFA

Diet

FA in
hepatocytes Esterification +

DNL +

Diet

Oxidized to
generate
ATP

Glucose

Secreted
as VLDL

TAG in
hepatocytes

Glycerol

+

Stored as
lipid
droplet

+

Chylomicron

Figure 1 Lipid metabolism in liver. All steps indicated by + are stimulated by
insulin. Insulin suppresses the secretion of VLDL and the β-oxidation of fatty acids.
Thus hyperinsulinemia in the setting of insulin resistance favors TAG accumulation
in liver. TAG: triglycerides; VLDL: very low density lipoprotein; FA: fatty acid; NEFA:
nonesterified fatty acids; DNL: de novo lipogenesis; ATP: adenosine triphosphate.

varies among different racial groups[18,19] and that there are
variable rates of disease progression within individuals
with similar risk factors strongly indicates that genes also
play a role[20]. A recent study suggests that abnormalities in
at least 23 genes may be involved[21]. However, like other
common complex metabolic diseases, there is likely to
be an interaction between the environment and genetics
that determines phenotypic expression of NAFLD in
any individual patient. The great majority of NAFLD
occurs in the setting of so-called metabolic syndrome
(MS), in which insulin resistance (IR) plays a key role[22,23].
The prevalence of MS (22%) and of NAFLD (20%) in
the general US population are amazingly similar[24]. These
observations support that primary NAFLD is a hepatic
complication of MS. Other much less common causes of
NAFLD (secondary NAFLD) are drugs; amiodarone[25]
glucocorticoids[26], tamoxifen[27] and isoniazid[28], surgical
procedures; gastroplasty and bypass surgeries for morbid
obesity [29-31] , total parenteral nutrition [32] , metabolic
genetic disorders; abetalipoproteinemia[33], tyrosinemia
and lipodystrophy; congenital disorders[34] and anti-HⅣ
drugs[35].
The Third Report of National Cholesterol Education

Program (Adult Treatment Panel Ⅲ; ATPⅢ) provides a
working definition of MS[36] based on a combination of
5 categorical risk factors: central obesity, hypertension,
hypertriglyceridemia, low levels of HDL-cholesterol,
and hyperglycemia. The prevalence of MS is on the rise
due to obesity and sedentary life style. Obesity is defined
by World Health Organization as excess weight gain for
a given height. The prevalence of obesity (BMI ≥ 30
kg/m2) in the US is 31%, and the prevalence of morbid
obesity (BMI ≥ 40 kg/m2) is growing even at a greater
rate than that of obesity[37]. The most obvious body change
in obesity is increase in the fat mass, which becomes a key
pathological contributor to MS and is related to abnormal
production of cytokines, chronic sub-clinical inflammatory
state and abnormal coagulation. The prevalence of
NAFLD increases to 74% in obese persons and 90% in
morbidly obese persons[38,39]. The probability of NAFLD
progression increases with the degree of obesity, and
about 15%-30% of morbidly obese patients (BMI ≥ 35
kg/m2) have NASH[40].
The presence and severity of NAFLD/NASH are
closely related to coexistence of MS components[41], obesity
and other risk factors for IR[42]. This paper reviews the
chemical and molecular basis of IR, highlighting the role
of adipose tissue and adipocytokines in its development
especially in obese people. Brief consideration is also given
to normal lipid metabolic pathways of liver to explain the
involvement of IR in pathogenic mechanisms of NAFLD.

NORMAL LIPID METABOLISM
After meals, dietary triglycerides (TAG) are transported to
the liver from intestines (via chylomicrons). In addition,
hepatic TAG synthesis from fatty acids (FA) and glycerol
occurs under the influence of insulin in the postprandial
state[43]. TAG are secreted into blood as very low density
lipoproteins (VLDL) that are either stored in adipose
tissue as re-esterified TAG or metabolized into FA and
used as energy source. Excessive TAG within the liver
may be stored as lipid droplets in hepatocytes (Figure 1).
The sources of FA for hepatic TAG formation are
either from the plasma (nonesterified fatty acid; NEFA)
pool or FA newly synthesized within the liver through
de novo lipogenesis (DNL). Metabolic steps of DNL are
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important, precisely regulated and involve mitochondria[44].
In the postprandial state of energ y (Adenosine
triphosphate; ATP) excess, surplus glucose is used as FA
substrate. Glucose via its conversion to pyruvate enters
the Kreb's cycle of mitochondria. Citrate formed in the
Kreb's cycle is shuttled to cytosol where it is converted to
acetyl-CoA by ATP citrate lyase. Acetyl-CoA carboxylase
1 (ACC1) enzyme then converts acetyl-CoA to malonylCoA, which is used by fatty acid synthase to form different
long chain FA in cytosol. The hepatic uptake of FA from
NEFA pool is not regulated and as a result the influx
directly relates to plasma FA concentration. The affluent
diets of modern age hence promote accumulation of
surplus fat in the hepatocytes by providing more dietary
TAG[45], FA (expanding NEFA pool) as well as glucose
(substrate of DNL). Increased insulin levels after meals
promote all of the steps of hepatic fat accumulation.
Oxidation of FA occurs in mitochondria, peroxisomes,
and microsomes. Short-chain and medium-chain FA are
oxidized in mitochondria only [46]. Long-chain and very
long-chain FA are shortened by the extramitochondrial
(peroxisomes and microsomes) oxidation first and then
mitochondrion enzymes complete the process. Entry
of FA into mitochondria is the rate-limiting step of
oxidation. FA must be activated by fatty acyl-CoA synthase
to fatty acyl-CoA in the cytoplasm. The transport of
fatty acyl-CoA into the mitochondria is accomplished
by the intermediation of carnitine acyltransferase Ⅰ
(CPT-1), an enzyme that resides in the outer mitochondrial
membrane[47].
Three molecular mediators of lipid metabolism
namely: Sterol regulatory element-binding protein
(SREBP1-c), carbohydrate response element-binding
protein (ChREBP) and peroxisome proliferative
activated receptor (PPAR-γ) are worth mentioning at
this point. Insulin acts on SREBP1-c on hepatocyte cell
membranes[48], which transcriptionally activates most of
the genes involved in DNL. SREBP1-c also activates
ACC-2, an isoform of ACC that produces malonyl-CoA
at the mitochondrial membrane[49]. Increase in malonylCoA decreases β-oxidation because it inhibits CPT-1 at
higher concentrations[50] and hence leads to FA build up.
Hyperglycemia can also stimulate lipogenesis directly by
activating ChREBP [51], which induces gene expression
of liver-type pyruvate kinase (L-PK), a key regulatory
enzyme in glycolysis[52]. L-PK catalyzes the conversion of
phosphoenolpyruvate (PEP) to pyruvate, which enters
the Kreb's cycle to generate citrate. Citrate is a principal
source of acetyl-CoA used for FA synthesis. ChREBP
stimulates gene expression of most enzymes involved in
DNL[53]. Hence hyperglycemia stimulates both glycolysis
and lipogenesis, thereby facilitating the conversion of
glucose to FA under conditions of energy excess. PPAR-γ
transcription factor participates in the development of
HS in rodents. Normally, PPAR-γ is expressed at very low
levels in the liver; however, in animal models with IR and
fatty livers its expression is markedly increased[54]. Studies
demonstrate that SREBP-1c can also transcriptionally
activate PPAR-γ [55] . The genetic deletion of hepatic
PPAR-γ in livers of ob/ob mice markedly alleviates the
development of HS[56], independent of the presence of
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hyperinsulinemia or hyperglycemia. The precise molecular
events mediated by PPAR-γ that promote hepatic TAG
deposition have not been fully defined. It is also not
known whether PPAR-γ expression is increased in human
fatty livers.

INSULIN RESISTANCE
Insulin resistance (IR) may be defined as altered metabolic
condition in which higher than normal insulin levels are
needed to achieve normal metabolic responses or normal
insulin concentrations fail to achieve a normal metabolic
response. IR manifests with a reduced efficiency of
insulin to inhibit hepatic glucose production and stimulate
glucose utilization in skeletal muscle and adipose tissue.
Subsequent high glucose levels result in compensatory
hyperinsulinemia, which accounts for the elevation of
Homeostasis Model Assessment (HOMA)-IR values[57,58].
Incidence of IR increases with age [59] and is almost
always higher in males [60]. Other important conditions
associated with IR include hyperuricaemia[61], gallstones[62],
thrombophilia[63], endothelial dysfunction and polycystic
ovary syndrome[64].
The biological action of insulin depends upon
interaction of insulin with its specific receptor (Table 2).
The insulin receptor is a glycosylated tetramer consisting
of two extra cellular insulin binding (alpha) subunits and
two trans-membranous (beta) subunits with tyrosine
kinase activity. Insulin activates the receptor and causes
subsequent tyrosine phosphorylation of insulin receptor
substrate proteins (namely IRS-1 and IRS-2). This
initiates a cascade of events leading to translocation
of a specific glucose transporter-4 (GLUT-4) from
intracellular pool to the cell membrane. GLUT-4 facilitates
glucose transport along the concentration gradient from
extracellular space into the cytoplasm of myocytes and
adipocytes. The mechanisms responsible for IR may
involve insulin binding, IRS proteins or even GLUT-4[65].
IR can be central (hepatic) or peripheral (muscle, fat
tissue) depending upon the primary site of involvement.
Peripheral IR impairs uptake of glucose from blood into
skeletal muscles and adipose tissues. It manifests with
increased free FA liberation from adipose tissue secondary
to the unopposed antilipolytic action of insulin on
hormone-sensitive lipase (HSL)[66] and is best measured
through the euglycemic clamp technique[67]. Hepatic IR
manifests with unrestrained hepatic glucose production
resulting from impaired glycogen synthesis and failure of
insulin to suppress gluconeogenesis[68]. Hepatic IR may
also be caused by fat accumulation in hepatocytes itself[69].
Regarding the primary site of IR in NAFLD (peripheral vs
hepatic), recent data indicate the periphery to be the initial
site followed by or resulting in HS exacerbating hepatic IR
and thus the degree of overall IR[70].
Organ-specific deposition of fat is a strong predictor
of hyperinsulinemia and IR. Analogous to fat in the liver,
increased intramyocellular TAG content closely correlates
with muscle IR. The aberrantly high availability of NEFA
reduces muscle use of glucose (main consumer of glucose
in the body)[71]. The resultant hyperglycemia potentiates
glucose-stimulated insulin secretion, which chronically
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Table 2 Pathophysiology of insulin resistance
Actions of insulin
(a) Stimulatory
Increases glucose transport:
In adipocytes
In myocytes

Mechanism of action of insulin
-Insulin binds to its membrane receptor to cause
up regulation of GLUT-4 via mediation of IRS-1/2
(activated by phosphorylation at tyrosine sites)

Increases glycogenesis
In hepatocytes
In myocytes
Increases lipogenesis
In adipose tissue
In liver (DNL)

-By providing the building blocks
-Increases expression and activity of glycogen
synthase and inhibiting the glycogenolytic enzymes
-Increases the supply of substrates
-Further increase in lipogenesis,
-Postprandial stimulation of FAS, ACC and SCD1 esp. DNL
-Increases supply of free FA in AT
-Increased delivery of free FA to liver
-Decreased oxidation in hepatocytes
-Activates the translational machinery
-Decreased protein synthesis
-Activates protein kinase B which activates
the protein synthesizing enzymes
-In long term exposure increases ribosome in cells
-Enhances glycolysis and Kreb's cycle by
-Inhibited
activating all the key regulator enzymes
-Lipid oxidation preferentially used
for energy purposes

-Hyperglycemia
-Decreased postprandial glycogen
stores in liver
-Excessive fat storage in AT and
in other tissues (lipotoxicity)
-Hepatic steatosis
-Increased adiposity
-Sarcopenia

-Inhibits pyruvate carboxylase, glucose 6
phosphatase and PEP kinase
-Shuttles substrates to lipogenesis

-Increased hepatic glucose output
-Excessive availability of
substrates for lipogenesis
-Fasting hyperglycemia
-Hyperglycemia

Increases protein synthesis
in muscles

Increases glucose oxidative
pathways
(b) Inhibitory
Decreases gluconeogenesis
in liver
Decreases hepatic glucose
output

-Decreases gluconeogenesis
-Increases glycogen synthesis
-Increases oxidation of glucose
Suppresses lipolysis in adipose -Suppression of HSL
tissue

Decreases apolipoprotein
secretion

-Insulin decreases the synthesis and secretion
of Apo-B and Apo-C

Suppresses β oxidation of fatty -Insulin acts via binding to SREBP-1 transcription
acids
factor to cause increased expression of ACC-1
leading to generation of FAS substrates for
lipogenesis

Alterations in insulin resistant states
-Impaired post receptor signaling
involving IRS proteins
-Abnormal phosphorylation of IRS-1
makes it inhibitor of the receptor
kinase
-Activation of IKK-β by free FA and
cytokines leads to activation of
NF-κB which further inhibits the
genes involved in GLUT synthesis
-Decreased glycogen synthesis

-Enhanced gluconeogenesis
-Decreased inhibition of key
regulatory enzymes
-Activation of AMPK
-Increased gluconeogenesis
-Decreased glycogenesis and
oxidative disposal of glucose
-Increased rate of free FA release in
fasting state in lean and obese
-When corrected for body weight in
obese, postprandial lipolysis may
seem to be normal or even decreased

Net metabolic effect
-Hyperglycemia
-Decreased glucose utilization as
energy source
-Reactive hyperinsulinemia

-Hyperglycemia
-Oxidative stress in hepatocytes

-Increased plasma free FA both in
fasting and post-prandial states
(May be due to a mass effect of
overall expansion of body fat
depots in case of obese)
-Increased free FA efflux
-Increased VLDL
-Trapping of TAG inside the liver
-Hepatic steatosis
-Increased VLDL

-Hyperinsulinemia causes further
suppression of expression of
apolipoprotein genes and also
inhibits post translational
modifications and secretion
-Enhanced synthesis of Apo-B 48 in
intestines
-Reactive hyperinsulinemia with
-Hepatic steatosis
unrestricted effect on SREBP causes -CYP system over expression
further inhibition of β-oxidation of
and generation of ROS
free FA in hepatocytes mitochondria

Hyperinsulinemia and hyperglycemia are two main net metabolic effects of IR. IR also contributes to expansion of NEFA pool and is now alone considered to be
responsible for both the hits of 'two hit hypotheses' of NAFLD. IKK-β: Inhibitor of kappaB kinase beta; NF-κB: Nuclear factor-kappa B; FAS: Fatty acyl synthase;
ACC: Acyl-CoA carboxylase; SCD: stearoyl-CoA desaturase; PEP: Phosphoenol pyruvate; CYP: Cytochrome P. FA: fatty acids; AT: adipose tissue; HSL: hormone
sensitive lipase; SREBP: sterol regulatory element binding protein;IRS:receptor substrate proteins; GLUT: glucose transporter; AMPK: adenosine monophosphate
kinase; ROS: reactive oxygen species.

burns out β-cells. This explains the link between obesity,
IR and development of type 2 diabetes.
The metabolic and cellular mechanism(s) linking IR
to NAFLD are complex and are not fully understood.
There are several distinct clinical syndromes associated
with severe IR, which are also associated with NAFLD,
e.g. obesity, diabetes mellitus and lipoatrophy[72,73]. The
severity of NAFLD improves after pharmacological and
non-pharmacological interventions aiming at restoring
insulin sensitivity[74]. This demonstrates the role of IR in

pathogenesis of NAFLD and a 'two hit' process has been
proposed to explain it[75].
Two hit hypothesis
Non-alcoholic fatty liver disease represents a continuum
of hepatic injuries, which progress from simple fatty liver
(FL or HS) to hepatocellular ballooning degeneration,
formation of Mallory bodies and fibrosis (NASH). The
first hit involves accumulation of TAG in hepatocytes as
described above. It has also been recognized that HS in
www.wjgnet.com
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itself leads to hepatic IR by activating protein kinase-theta
(PKC-θ) and Jun N-terminal kinase (JNK) [65,76], which
interfere with tyrosine phosphorylation of IRS-1 and
IRS-2 and impairs insulin action in hepatocytes[77]. Steatosis
and IR can cause and potentiate each other creating a
vicious cycle of metabolic dysfunction.
Once the presence of hepatic steatosis is established,
progression to steatohepatitis involves a 'second hit' and
oxidative stress is thought to play a key role. Fatty liver is
more susceptible to oxidative injury[78]. Oxidative stress
results from an imbalance of prooxidants (enhanced
reactive oxygen species; ROS/reactive nitrogen species;
RNS) and antioxidants (nutritional deficiencies) and
leads to lipid peroxidation[79]. The chemical modification
of biologic molecules may be directly toxic to the cells
or may stimulate host-immune response that leads
to inflammation, collagen production and further
progression of disease [80-82] . The factors promoting
prooxidant generation include mitochondrial dysfunction
(NADPH oxidase, electron transport chain leakage)[83]
and induction of hepatic cytochrome (microsomal,
peroxisomal CYP2E1) [84,85] resulting from overburden
of FA oxidation system (described above)[86]. It is now
believed that IR itself may predispose to oxidative
stress by stimulating microsomal lipid peroxidases and
by decreasing mitochondrial β-oxidation[81]. CYP2E1 is
normally suppressed by insulin but is invariably increased
in the livers of patients with NASH [87] and in rodent
dietary models of steatohepatitis CYP2E1 is the catalyst
of microsomal lipid peroxidation [88]. Attention should
now shift from considering hepatic steatosis as a benign
process to an important unhealthy condition, which leads
to IR, oxidative stress and further progression of NAFLD.
This is evident from the fact that severe forms of NASH
correlate well with presence of hepatic steatosis, visceral
obesity and MS[89].

ADIPOSE TISSUE AND OBESITY
Earlier it was generally believed that the purpose of
adipose tissue (AT) was simply a repository of fat. The first
report suggesting the fat was an active metabolic tissue was
published by Von Gierke[90]. Presently it is considered an
endocrine organ and a key regulator of both metabolism
and inflammation[91]. In adult mammals, the major bulk of
AT is a loose association of lipid-filled adipocytes which
are held in a framework of collagen (stroma) containing
stromal-vascular cells, fibroblastic connective tissue cells,
leukocytes, macrophages and pre-adipocytes (not yet filled
with lipid). Approximately 60% to 85% of the weight of
white adipose tissue is lipid, with 90%-99% being TAG.
Small amounts of free FA, diglycerides, cholesterol and
phospholipids are also present. AT is the only organ with
unlimited growth potential at any stage of our life. The
size of adipose tissue mass is a function of both adipocyte
number and size. It can expand by hyperplastic (increase
in number) and hypertrophic (increase in the size of
adipocytes) growth. Hypertrophy occurs primarily by lipid
accumulation within the cell and is reversible, however
once adipocyte hyperplasia occurs, they remain throughout
the life. Adipocytes are specially adapted for the uptake
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and release of energy in the form of FA. Fatty acids are
converted to TAG inside adipocytes which accumulate
as surplus fuel during caloric abundance and released as
NEFA back to the circulation as needed in the periods
of food shortage and calorie debt (e.g. fasting, starvation,
exercise). Adipose tissue is extensively supplied with blood
circulation. Insulin plays a major role in the control of AT
development and function. It not only regulates lipogenesis
but also the rate of lipolysis and NEFA efflux. Adipose
tissue in adults can be divided into two types depending
on its location: subcutaneous and visceral (intraperitoneal:
omental and mesenteric fat). Both fat depots differ in
pathophysiology. Insulin actions are blunted in omental
compared with subcutaneous AT[92] and can be explained
by the increased endogenous protein tyrosine phosphatase
1B (which down regulates the insulin receptors) levels in
omental adipocytes[93]. Visceral adiposity is more strongly
correlated with NALFD/MS and is measured by waistto-hip ratio[94]. CT and MRI are the gold standards for
measuring visceral fat[95].

ROLE OF ADIPOSE TISSUE IN
NON-ALCOHOLIC FATTY LIVER DISEASE
E xc e s s a d i p o s e t i s s u e p r e d i s p o s e s t owa r d s t h e
development of IR by virtue of its secreted factors[96]. Well
over 100 secreted factors have been identified. Adipokines
are biologically active proteins secreted both by cellular
and stromal fractions of AT. In addition adipocytes also
secrete FA, cytokines, cholesterol, steroid hormones
and prostaglandins [97]. Secretion of all factors except
adiponectin increases as AT enlarges in obesity[98]. Various
stimuli have been proposed to explain the overproduction
of adipokines in obesity. These include increase in
mass, chronic inflammation with infiltration of AT by
macrophages, hypoxia (growth of adipose tissue ahead of
angiogenesis), endoplasmic reticulum stress and oxidative
stress[99]. This increase in synthesis is however reversible
and decreases with weight loss[100].
The links between adiposity and development of IR
and NAFLD thereafter can be explained by the following
hypotheses.
Portal/visceral hypothesis
From an anatomical perspective, visceral adipocytes can
be a crucial source of FA and other factors entering
portal circulation[101]. FA are elevated in sera of obese and
diabetic patients. Like protein hormones free FA are also
thought to be potent signaling molecules[102]. Enhanced
delivery of FA from enlarged visceral adipose tissue to the
liver leads to reduced hepatic insulin clearance with further
increase of circulating insulin levels [103]. FA stimulate
hepatic gluconeogenesis, TAG synthesis and impair insulin
suppression of hepatic glucose output[103]. Intrahepatic
lipids increase by 22% for any 1% increase in total, by 21%
for any 1% increase in subcutaneous and by 104% for 1%
increase in intra-abdominal adipose tissue[104]. NEFA levels
are raised in the peripheral blood of NASH patients[105],
however measurements of portal NEFA levels are still
needed to justify the portal theory (Figure 2).
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Insulin
Adiponectin(-) Leptin
Resistin
Glucose
Adiponectin(-)

Figure 2 Portal/Visceral hypothesis. Human adipose tissue (AT) is a potent
source of inflammatory cytokines and that the majority of this release is due
to the nonfat cells in the AT except for leptin and adiponectin that are primarily
secreted by adipocytes. Adipocytes secrete at least as much PAI-1 (plasminogen
activator inhibitor-1), MCP-1 (macrophage chemotaxis protein), IL-8 (Interleukin),
and IL-6 in vitro as they do leptin but the nonfat cells of AT secrete even more of
these proteins. The secretion of leptin by the nonfat cells is negligible. Obesity
markedly elevates the total release of TNF-α, IL-6, and IL-8 by AT. Visceral fat
releases more resistin, IL-6, PAI-1, TGF β1, IL-8 and IL-10 per gram of tissue than
subcutaneous fat. (+) indicates fold increase in secretion in obesity; (-) indicates
protective effect.

Endocrine paradigm
Adipocytokines have wide-ranging effects on food intake,
energy expenditure and metabolism. These are secreted
by one cell for the purpose of altering either its own
function (autocrine effect) or those of adjacent cells
(paracrine effect). In many instances, individual cytokines
have multiple biologic activities. Different cytokines have
similar activity, which provides biologic redundancy within
the inflammatory and immune systems. As a result, it is
infrequent that loss or neutralization of one cytokine will
markedly interfere with either of these systems. This fact
has great significance in the studies of genetic knock out
animals. FA released from adipose tissue have a variety of
systemic effects including induction of peripheral IR. In
myocytes free FA compete with glucose for its entry and
utilization[106] and as a consequence, lead to ATP depletion,
diminished GLUT-4 translocation and reduced muscular
glycogen synthesis[107].
Leptin: Leptin is the first adipokine that was described[108].
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Encoded by "ob" gene, it is primarily synthesized and
released into the circulation by mature adipocyte in
response to changes in body fat mass and nutritional
status[109]. In hypothalamus, leptin stimulates anorexigenic
pathways and decreases food intake[110]. Circulating levels
of leptin are high in obese, proportional to BMI[111,112]
and acutely decrease in response to fasting or restriction
of energy intake to a much larger extent than would be
expected for smaller reductions of adiposity[113] and low
levels act as a signal of negative energy balance. Adipocyte
size and anatomical location (subcutaneous) appear to be
the major determinants of leptin mRNA expression and
secretion. In vivo, overfeeding and obesity, glucocorticoid
treatments, glucose, and insulin administration increase
circulating leptin levels[114,115] , whereas fasting, sustained
exercise, cold exposure, and weight loss reduce leptin
levels[116,117]. Leptin acts as an insulin-sensitizing hormone
and reduces lipid content of myocytes, hepatocytes and
pancreatic β-cells[118]. In muscle, insulin sensitization is
achieved through inhibition of malonyl-CoA synthesis[119],
which increases transport of FA into mitochondria.
Leptin directly stimulates adenosine monophosphate
kinase (AMPK), which activates ATP-producing catabolic
pathways, such as β-oxidation, glycolysis and inhibits ATPconsuming anabolic pathways[120]. Animals lacking leptin
effects; ob/ob mice (leptin gene mutation), db/db mice
and fa/fa rats (leptin receptor gene mutations) are obese,
insulin resistant and have HS[121,122] , while leptin injections
attenuate their fatty livers and metabolic abnormalities[123].
In humans with lipoatrophic diabetes, there is little or no
fat mass, diminished leptin levels, markedly elevated TAG
and also fatty liver[124]. Leptin therapy in them reduces
liver enzymes, BMI, hepatic fat content and histological
features of steatohepatitis[125]. In obese NAFLD patients,
leptin levels are elevated and are directly correlated with
the severity of HS[126]. This brings up the concept of leptin
resistance[127]. The anti-steatotic and insulin-sensitizing
actions of leptin are blunted in obesity. The reason for
this phenomenon is currently poorly understood and it
may result from defects in leptin signaling or transport
across blood brain barrier[128]. In animal models leptin is a
critical fibrogenic factor[129]. This action may be mediated
by transforming growth factor (TGF)-β or may involve
activation of hepatic stellate cells (HSC) directly. HSC,
upon activation produce leptin[130], which further stimulates
fibrogenesis, as both quiescent and activated HSC express
leptin receptors[131].
Adiponectin: Adiponectin, an antilipogenic and insulinsensitizing protein[132] is almost exclusively expressed in
white AT adipocytes and circulates at high levels[133]. In
contrast to other adipokines, its expression and serum
levels are reduced in obesity and a variety of insulin
resistant states[134]. In obese rats the cellular mRNA and
circulating levels of adiponectin are low[135,136] and prompt
increase is seen with body weight reduction through food
restriction[134]. Similar inverse correlation between BMI and
adiponectin is also observed in Pima Indians[137]. IL-6 and
TNF-α are potent inhibitors of adiponectin expression[138]
and high levels of these cytokines in obesity and NAFLD
explain this relationship. The decline in adiponectin levels
coincide with the onset of IR [135,139] and various links
have been suggested between low circulating adiponectin,
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increased liver fat content and the degree of hepatic
IR[140,141]. Administration of adiponectin ameliorates IR
in mouse models of obesity and diabetes[142]. The insulin
sensitizing properties of adiponectin are due to its ability
to activate AMPK in hepatocytes, myocytes and locally in
adipocytes. In turn, it enhances hepatic FA oxidation and
insulin suppression of glucose production[143], myocellular
FA oxidation (by inactivation of ACC-1)[144] and lipolysis
in AT. Adiponectin also has anti-inflammatory effects and
inhibits the local production of TNF-α and IFN. Low
adiponectin levels might predispose liver to cell necrosis
and[145,146] correlate with the severity of NASH and liver
enzyme abnormalities[147]. Adiponectin therapy improves
IR in lipodystrophy, however, complete reversal of IR in
the animal models requires co-administration of leptin,
further supporting the importance of coordinated roles of
different adipokines in causation of this complex disease.
Tumor necrosis factor-α: TNF-α is synthesized and
secreted by visceral adipocytes, stromovascular cells
and endotoxin-activated macrophages[148]. Unstimulated
adipose tissue releases relatively small amounts of
TNF-α[149]. Its effects depend upon interaction with TNF
receptors (TNF-R1 and TNF-R2) and also with more
than 20 different cytokine receptors. TNF receptors are
also secreted by adipocytes. TNF-R1 mediates apoptosis
and lipolysis while TNF-R2 is involved in the induction
of IR[150]. TNF-α mainly acts in an autocrine/paracrine
fashion in AT and plays a central role in the generation
of IR in rodents. It does so directly by reducing mRNA
expression of GLUT-4 [148], reducing lipoprotein lipase
(LPL) activity and increasing expression of hormone
sensitive lipase in AT. Also TNF-α impairs insulin
signaling through JNK mediated serine phosphorylation
of IRS proteins in the surrounding adipocytes[151]. TNF-α
causes activation of PPAR-γ also and reduces expression
and secretion of leptin by adipocytes. In vitro studies
on human adipose tissue do not show any clear role of
TNF-α in causing these direct metabolic derangements.
Circulating TNF-α is increased in obese[152] and diabetic
subjects while weight loss decreases its levels. Although
the correlation between IR and plasma TNF-α is weak,
adipocyte TNF-α mRNA levels correlate well with BMI,
body fat and hyperinsulinemia. To date no study has
demonstrated whether TNF-α, via the portal vein reaches
the liver and causes hepatic injury. However, the local
production of TNF-α by Kupffer cells has been proposed
to play a key role in the pathogenesis of NASH/NAFLD.
FL in ob/ob mice is significantly improved by inhibition
of hepatic TNF-α production or by infusion of antiTNF-α antibodies[153]. TNF-α knockout could prevent
the development of IR induced by a high fat diet in mice,
suggesting a role of TNF-α in mediating free FA-induced
IR.
Interleukin-6: IL-6 is predominantly an endocrine
cytokine[154] with multiple systemic effects ranging from
inflammation to host defense (regulation of B and T
cell functions) and tissue injury. Approximately 33% of
circulating IL-6 come from the AT, of which the matrix
components with immune cells (monocytes), fibroblasts
and endothelial cells contribute the major part (90%).
Omental fat secretes 3 times more IL-6 than subcutaneous
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AT. However, IL-6 expression in subcutaneous fat is prone
to rapid changes following meals, exercise (mediated via
stimulation) and weight changes. Plasma IL-6 levels are
increased in obesity[152] and predict the development of
type 2 diabetes, metabolic syndrome and cardiovascular
diseases [155,156] . It has a weak inhibitor y effect on
adipogenesis. In paracrine fashion, it decreases adiponectin
secretion from the surrounding adipocytes, inhibits
lipoprotein lipase (LPL) on endothelial cells and activates
lipolysis (post exercise). IL-6 can enter the liver via portal
circulation from visceral adipose tissue and mediates its
effects on hepatocytes by interacting with its receptor,
activating suppressor of cytokines signaling-3 (SOCS-3).
This causes inhibition of IRS phosphorylation, which
leads to hepatic IR[157]. IL-6 also has pro-inflammatory
properties and causes activation of Kupffer cells resulting
in fibrogenesis. It also enhances hepatic C-reactive protein
synthesis. Paradoxically, administration of IL-6 in the
cerebrospinal fluid of rats decreases body weight and IR,
probably by enhancing the energy expenditure due to its
action on hypothalamus.
Resistin: Resistin is claimed to represent an important
link between obesity and IR [158]. In humans the major
source of resistin is probably from the peripheral blood
macrophages and adipocytes[159] and its levels correlate
with IL-6 [160] and BMI [161,162] . In mice, recombinant
resistin promotes systemic IR by AMPK activation and
decreasing upregulation of GLUT-4 in adipocytes whereas
anti-resistin antibody administration improves IR [163].
Mice lacking resistin (rstn-/-) exhibit low blood glucose
levels after fasting owing to reduced hepatic glucose
production[164]. Its serum levels are higher in mouse models
of obesity and decrease by PPARγ agonist treatment[165].
Acylation-stimulating protein: Adipose tissue releases
substantial amounts of acylation-stimulating protein (ASP),
which is derived from the interaction of complement C3,
factor B and adipsin[166]. ASP stimulates glucose transport
and enhances TAG storage in adipocytes [167] . These
stimulatory effects are independent of and complementary
to those of insulin [168] . Insulin itself increases the
production of ASP precursor C3 in adipocytes [169] .
Production of ASP may also be increased by IL-6 [168] and
its levels in NAFLD are high correlating with HOMAIR score[170]. Although ASP levels are increased in obese
subjects, resistance to ASP could redirect FA flux away
from AT and towards the liver causing HS.
Angiotensinogen: Angiotensinogen is also found in
adipocytes[171] and its levels are increased in obesity[172].
Nascent data suggest it may be important in NAFLD,
because angiotensin Ⅱ antagonists improve liver function
tests in patients with NAFLD and attenuate fibrosis in
animal models[173].
Lipodystrophy-the ectopic fat storage syndrome
Hepatic steatosis is not only confined to obese subjects
with excessive fat tissue, but it occurs frequently in
lipodystrophy characterized by severe loss of AT from
different regions of the body[174] and correlates directly
in severity with the extent of fat loss[175]. Patients with
congenital or acquired generalized lipodystrophy often
are insulin resistant, diabetic and their HS may progress
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Table 3 Serum factors in obesity and potential mechanisms of NASH
Factors

Increase in obesity Source: tissue/cells

Basis of increased levels

FFA[199]

41%

-Over nutrition
-Unopposed peripheral
lipolytic activity secondary
to IR

Diet
Adipose tissue: (adipocytes)
visceral/subcutaneous

Role in development of NASH

-Lipotoxicity
-Induce JNK dependent hepatocytes apoptosis
-Cause Bax translocation to hepatocyte
lysosomes leading to lysosomal degradation
and release of cathepsin B
-Enhance expression of apoptosis effectors
(TNF-α and Fas)
-Generation of ROS at ETC of mitochondria
-Increase in hepatic lipid peroxidation
TNF-α[152]
28%
Liver: Kupffer cells/macrophages
-Chronic inflammation
-Receptor mediated mitochondrial injury
/HSC/hepatocytes
in adipose tissue with
with release of ROS and caspases
Adipose tissue: macrophages
macrophage infiltration
-Induction of lipid peroxidation and
in matrix/adipocytes
-LPS/endotoxins from small cell necrosis (intermediation of ceramide)
bowel overgrowth
-TNF-α R1 activation leads to Fas
-Viral infection
induced apoptosis
-Ethanol
-Causes release of other cytotoxic cytokines
-Reactive oxygen species
(IL-6, TGF-β) from activated Kupffer cells
IL-6[152]
46%
Blood: monocytes/endothelial cells -TNF-α mediated activation
-Mediates synthesis of acute phase proteins
Adipose tissue: subcutaneous/
of Kupffer cells
by hepatocytes
omental
-Pro-inflammatory cytokines -Activates HSC to cause fibrosis and
Liver: Kupffer cells/HSC/
release by cells (macrophages) up regulate various genes involved
macrophages
in adipose tissue
Leptin[111,112]
4 .2 to 5.8 times
Adipose tissue: mature
-Increased mass of
-Regulates hepatic fibrosis by activation
adipocyte/few matrix cells
adipose tissue
of HSC (induction of α2 collagen gene)
Liver: activated HSC
-Chronic inflammatory
and modulation of Kupffer cell function
mediators in adipose tissue
-Protects HSC from apoptosis and
-Leptin resistance
enhances their regeneration
-Up regulates profibrogenic TGF-β synthesis
Resistin[161,162]
Non significant
Adipose tissue: visceral/
-IL-6 and TNF-α release in
-NF-κB mediated activation of HSC and
subcutaneous (adipocytes)
adipose tissue secondary
release of pro-inflammatory (MCP,
Blood: monocytes
to inflammation
IL-8, TNF-α) and fibrogenic
Liver: Kupffer cells
-Chronic liver injury
(TGF-β, leptin) cytokines
IL-8[200]
33%
Inflammatory cells in adipose tissue, -Pro-inflammatory cytokines -Mediates inflammatory response in NASH
liver and blood
PAI-1[201]
3.5 times
Liver: (activated HSC)
-Locally produced TGF-β
-Inhibits the activation of fibrinolytic
Adipose tissue: visceral/omental
and TNF-α
plasmin during fibrogenesis
(matrix and adipocytes)
Angiotensinogen[172] 14%......................... Liver: hepatocytes
-Hyperinsulinemia of IR
-Activates HSC to secrete TGF-β to cause
................................ Adipose tissue: visceral/
-FFA
fibrosis
................................ subcutaneous (adipocytes)
................................
.. Janus N kinase; ROS: Reactive oxygen species; ETC: Electron transport chain; TNF-α: Tumor necrosis factor-α; HSC: Hepatic stellate
FFA: Free fatty acids; JNK:
cells; IL: Interleukin; TGF-β: Transforming growth factor-β; MCP: Monocyte chemoattractant protein; NF-κB: Nuclear factor-kappa B; PAI-1: Plasminogen
activator inhibitor-1; IR: Insulin resistance.

to cirrhosis[176]. The mechanism for HS in lipodystrophy
is related to the reduced storage capacity of AT depots
and diversion of TAG to other tissues[69]. Also the failure
of AT mass to expand and accommodate a high-energy
influx causes impaired adipokine production. Experiments
in mice and humans demonstrate development of severe
IR with lipodystrophy[177,178]. IR in lipoatrophic mice is
fully reversed by a combination of physiological doses
of adiponectin and leptin, but only partially by either
adiponectin or leptin alone. This suggests that reduced
adiponectin and leptin levels might be causing NAFLD in
subjects with lipodystrophy[179].

ROLE IN NON-ALCOHOLIC
STEATOHEPATITIS AND CIRRHOSIS
Subjects with NASH are at significantly increased risk
to develop cirrhosis. Once cirrhosis has developed, the
characteristic hepatocellular changes, as well as steatosis,

are often no longer conspicuous, possibly leading to such
cases being mistakenly diagnosed as cryptogenic. Studies
suggest that NAFLD is the most important cause of
cryptogenic cirrhosis[180,181]. A fraction of NAFLD patients
develop hepatocellular carcinoma [182]. The risk of this
malignant complication is increased more than 4 times in
cirrhotic patients compared to the general population[183].
About 3% of NASH cases may progress to terminal liver
failure, requiring liver transplantation[184]. At present, up to
4% to 10% of liver transplants can probably be accounted
for by end-stage NASH[4]; this estimate is very likely to rise.
The pathogenesis of progression is not well understood
and various risk factors are proposed. Low intake of
antioxidant vitamins, high intake of saturated fat [185],
presence of small bowel bacterial overgrowth [186] and
obstructive sleep apnea[187] may contribute to it in different
settings. Eventually, various factors (cytokines, hormones,
neurotransmitters or FA) through their interactions
modulate the necro-inflammatory component of NASH
www.wjgnet.com
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(Table 3).
The development of fibrosis indicates further
progression of liver injury. Extracellular accumulation of
collagen matrix is predominantly localized in pericentral
and perisinusoidal areas of the hepatic lobule[188]. However,
isolated portal fibrosis (IPF) is also found to be associated
with hepatic steatosis in NAFLD[39,189]. HSC, owing to
their localization in hepatic lobule play a pivotal role in
the deposition of collagen. HSC undergo a phenotypic
transition (activation) to myofibroblast-like cells that
synthesize different extracellular matrix components[190].
HSC acquire ability to effectively proliferate and migrate
to the area of liver injury and express soluble mediators
of inflammation, angiogenesis and hepatocyte growth[191].
Obesity and IR are independently associated with the
progression and degree of fibrosis [40,192]. This view is
supported by the increase in cell proliferation and collagen
production by insulin in cultured HSC[193]. Hyperglycemia
also acts as a stimulus to secretion of the profibrogenic
cytokine (connective tissue growth factor)[194]. Oxidative
stress is implicated in activation of HSC and products of
oxidative stress have been shown to have profibrogenic
actions in in vitro studies[195]. Among adipokines, leptin
stimulates collagen expression, proliferation and
prevention of apoptosis of HSC[196]. However, association
between plasma leptin levels and the degree of fibrosis
is not clearly identified. The levels of anti-fibrogenic
adiponectin are markedly diminished in obesity. Resistin is
recently shown to modulate human HSC activity[197]. Other
cytokines like IL-10 and TGF-β also dictate the extent of
fibrosis in NASH. It is believed that release of TGF-β1
by necrotic hepatocytes may be one of the first signals to
activate adjacent quiescent HSC[198].
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CONCLUSION
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NAFLD is emerging as one of the most common liver
disorders claiming urgent attention of the public, clinicians
and researchers. Obesity is an epidemic health disorder
and NAFLD can be a major health problem. Lifestyle
modifications including calorie restriction, physical activity
and weight loss are main therapeutic modalities. Future
research is warranted to elucidate the pathogenesis of
NAFLD and NASH, thereby developing accurate noninvasive diagnostic tests and novel therapeutic protocols.
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Abstract
Gastric mucosa associated lymphoid tissue (MALT)
lymphoma has recently been incorporated into the World
Health Organization (WHO) lymphoma classification,
termed as extranodal marginal zone B-cell lymphoma
of MALT-type. In about 90% of cases this lymphoma is
associated with H pylori infection which has been clearly
shown to play a causative role in lymphomagenesis.
Although much knowledge has been gained in defining
the clinical features, natural history, pathology, and
molecular genetics of the disease in the last decade, the
optimal treatment approach for gastric MALT lymphomas,
especially locally advanced cases, is still evolving. In
this review we focus on data for the therapeutic, stage
dependent management of gastric MALT lymphoma.
Hence, the role of eradication therapy, surgery,
chemotherapy and radiotherapy is critically analyzed.
Based on these data, we suggest a therapeutic algorithm
that might help to better stratify patients for optimal
treatment success.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Primary gastric lymphomas are of extranodal nonwww.wjgnet.com

Hodgkin type (NHL). Even though they represent only
2%-3% of all non-Hodgkin lymphomas, and 7% of all
gastric tumours, they are nevertheless the most common
extranodal non-Hodgkin lymphoma manifestation, and
most of them are of B-cell origin [1]. According to the
current World Health Organisation (WHO) classification,
40% of primar y g astric lymphomas are ter med as
indolent (former low grade), and 60% as aggressive (high
grade) type[2]. The grading of gastric lymphomas is very
important in both the prognosis and treatment of the
disease. Indolent gastric lymphomas include mantle cell
lymphoma, chronic lymphocytic leukaemia, follicular
lymphoma, and gastric mucosa associated lymphoid tissue
(MALT) lymphoma. The latter has also been termed lowgrade gastric MALT lymphoma, gastric marginal B-cell
lymphoma, and extranodal marginal zone B-cell lymphoma
of MALT type[3]. Gastric MALT lymphoma represents the
vast majority of the three different types of marginal-zone
B-cell lymphomas (MZBCL) corresponding to the Revised
European American Lymphoma classification (REAL)[1,2].
The observation that the histology of certain extranodal
NHLs was related to MALT rather than that of peripheral
lymph nodes was first made by Isaacson and Wright in
1983[4]. In about 90% of cases, MZBCL of MALT type is
associated with H pylori infection which has been clearly
shown to play a causative role in the pathogenesis of
gastric MALT lymphoma[5].
Primar y gastric ag g ressive-type lymphomas are
classified as diffuse large B-cell lymphomas (DLBCL).
They contain an indolent MALT component in about one
third of cases. This lesion likely represents progression of
disease from indolent to aggressive lymphomas[6,7]. The
remaining two thirds of high-grade lymphomas have no
detectable low-grade MALT component. However, it is
controversial whether these tumours arose from indolent
lesions with subsequent obliteration of the low-grade
component in any case or whether these tumours may be
considered better as de novo extranodal diffuse large B-cell
lymphomas rather than transformed MALT lymphomas.
For both, an association with H pylori has been described as
it induces acquired MALT in the gastric mucosa, promotes
malignant transformation of reactive B-cells and induces
genotoxic effects via neutrophil released ROS, causing
a wide range of genetic abnormalities [8]. Hence, newly
described translocations such as t (11; 18) (q21; q21) or t (1;
14) (p22; q32) may play a key role in patients stratification
for the most effective therapeutic approach in the future.
As simple as the initial diagnostic, staging and
therapeutic approach to patients with gastric MALT
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lymphoma may seem, proper patient management is
nevertheless crucial. Furthermore, there is still controversy
regarding the most effective treatment strategy, especially
in patients who do no respond to eradication therapy. This
review will focus on treatment strategies for gastric MALT
lymphoma under consideration of H pylori infection,
molecular genetics, and the trend to effective conservative
treatment modalities.

BASIC CONSIDERATIONS
Role of H pylori in Lymphomagenesis
The first evidence of H pylori infection being associated
with a gastric immune response was found in 1988 [9].
It was followed by the discovery of coherence between
H pylori infection and gastric MZBCL of MALT-type
in 1991[5]. The latter study showed that the presence of
H pylori increases the risk of gastric MALT lymphoma,
because the vast majority of patients with gastric MALT
lymphoma were infected with H pylori[8]. Moreover, case
control studies have shown an association between previous
H pylori infection and the development of primary gastric
lymphoma[10]. Direct evidence confirming the importance
of H pylori in the pathogenesis of g astric MALTlymphoma was obtained from studies that detected the
lymphoma B-cell clone in biopsy specimens of patients
with chronic gastritis only that preceded the development
of lymphoma. H pylori infection was found to cause an
immunological response, leading to chronic gastritis with
formation of lymphoid follicles within the stomach [11].
These lymphoid follicles resemble nodal tissues found
throughout the body and are composed of reactive T
cells and activated plasma cells and B cells. Moreover,
the bacterial infection provokes a neutrophilic response,
which causes the release of oxygen free radicals. These
reactive species may promote the acquisition of genetic
abnormalities and malignant transformation of reactive
B cells. The B cells are responsible for initiating a clonal
expansion of centrocyte-like cells that form the basic
histology of MALT lymphoma[8]. In addition, a series of
in vitro studies showed that lymphoma growth could be
stimulated in culture by H pylori strain-specific T cells when
crude lymphoma cultures were exposed to the organism[12].
Finally, Wotherspoon et al[13] in 1993, and subsequently
several other groups[14-25], showed that eradication of H pylori
with antibiotics alone resulted in regression of gastric
MALT lymphoma in 60%-90% of cases.
Molecular genetics
A number of genetic and epigenetic abnormalities have
been described in MALT lymphoma at various sites. These
abnormalities include the trisomy of chromosomes 3, 12
and 18 and a number of translocations, which are mutually
exclusive for low grade MALT lymphomas, including t
(11; 18) (q21; q21), t (14; 18) (q32; q21), t (1; 14) (p22;
q32), and t (3; 14) (p14; q32)[26], the latter 2 translocations
occur more frequently in non-gastrointestinal MALT
lymphomas[26,27]. Trisomies 3 and/or 18 are present as the
sole abnormality in 22% of cases, but in many others, is
frequently associated with IGH-MALT1, IGH-BCL10

			

3555

and IgH-FOXP1 but only rarely with API2-MALT1.
Other detected abnormalities of unknown significance are
aberrations of the C-MYC oncogene, FAS gene mutations,
hypermethylation of p15 and p16 genes, microsatellite
instability, and BCL-2 overexpression[28-32].
The translocation t (11; 18) (q21; 21) is the most
common chromosomal abnormality associated with
MALT lymphomas[33], occurring in 20%-60% of cases[34-37].
This translocation fuses the member of the inhibitors
of apoptosis (IAO) family API2 (also known as BIRC3,
cIAP2, HIOP1, MIHC) on chromosome 11 with the
MALT1 (MALT lymphoma-associated translocation)
gene on chromosome 18, resulting in the expression of a
chimeric protein product[38,39]. This fusion product API2MALT1 of t (11; 18) appears to be capable of increasing
the translocation of NF-κB into the nucleus[40,41]. NF-κB
transactivates genes such as cytokines and growth factors
that are important for cellular activation, proliferation, and
survival thus contributing to lymphoma development[42].
The clinical significance of this genetic aberration was
suggested by a study of 18 patients with early gastric
MALT lymphoma who responded to eradication therapy
and in whom t (11; 18) was not found[43]. On the other
hand, patients not responding to eradication therapy were
mostly t (11; 18) positive[36,44]. To date this translocation has
shown to be predictive for advanced stage of low grade
gastric MALT lymphoma and only occasional response to
H pylori eradication treatment[37,45].
The translocation t (1; 14) (p22; q32) is found in less
than 5% of MALT lymphomas [46]. As a result of this
translocation, the entire coding region of the BCL10
gene on chromosome 1 is relocated to chromosome 14,
thereby bringing BCL10 gene under control of the IGH
enhancer region, and this event results in overexpression
of nuclear BCL10 protein[45]. BCL10 is essential for both
the development and function of mature B and T cells,
linking antigen-receptor signaling to the NF-κB pathway.
The deregulated expression of wild-type BCL10 as a result
of the translocation t (1; 14) seems to be one important
event in MALT lymphomagenesis[47].

DIAGNOSIS AND STAGING
Clinical symptoms of primary gastric lymphoma are vague
and varied, with abdominal pain being the most common
complaint, followed by dyspepsia, vomiting and gastric
bleeding[48-51]. Constitutional B symptoms are exceedingly
uncommon. The endoscopic appearance of primary gastric
lymphoma is variable and can be infiltrative, exophytic
or ulcerative. In addition, primary gastric lymphoma may
represent as multifocal disease within the stomach with
numerous clonally identical lymphoma foci in apparently
unaffected tissue[52]. A gastric mapping of macroscopically
unaffected mucosa is therefore recommended and crucial
for diagnosis. An important feature of gastric MALT
lymphoma is the presence of lymphoepithelial lesions
formed by invasion of individual glands by aggregates
of lymphoma cells with centrocyte like morphology [3],
whereas aggressive lymphoma occur as infiltration of
centroblast-like lymphocytes [53]. In difficult to diagnose
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Table 1 Paris staging system of primary gastrointestinal lymphomas
1,2

Paris staging system
T stage
TX
T0
T1
T1m
T1sm
T2
T3
T4
N stage
NX
N0
N13
N2
N3
M stage
Mx
M0
M1
M2
B stage
BX
B0
B1
TNMB
pTNMB
pN:

Lymphoma extend not specified
No evidence of lymphoma
Lymphoma confined to the mucosa/submucosa
Lymphoma confined to the mucosa
Lymphoma confined to the submucosa
Lymphoma infiltrates muscularis propria or subserosa
Lymphoma penetrates serosa (visceral peritoneum) without invasion of adjacent structures
Lymphoma invades adjacent structures or organs
Involvement of lymph nodes not assessed
No evidence of lymph node involvement
Involvement of regional lymph nodes
Involvement of intra-abdominal lymph nodes beyond the regional area
Spread to extra-abdominal lymph nodes
Dissemination of lymphoma not assessed
No evidence of extranodal dissemination
Non-continuous involvement of separate site in gastrointestinal tract (e.g. stomach and rectum)
Non-continuous involvement of other tissues (e.g. peritoneum, pleura) or organs (e.g. tonsils, parotid gland, ocular adnexa, lung,
liver, spleen, kidney etc.)
Involvement of bone marrow not assessed
No evidence of bone marrow involvement
Lymphomatous infiltration of bone marrow
Clinical staging: status of tumour, node, metastasis, bone marrow
Histopathological staging: status of tumour, node, metastasis, bone marrow
The histological examination will ordinarily include 6 or more lymph nodes

1

Valid for lymphomas originating from the gastro-esophageal junction to the anus. 2In case of more than 1 visible lesion synchronously origination in the
gastrointestinal tract, give the characteristics of the more advanced lesion. 3Anatomical designation of lymph nodes as 'regional' according to site: stomach:
perigastric nodes and those located along the ramifications of the celiac artery in accordance with compartmentsⅠand Ⅱ of the Japanese Society for gastric
Cancer (1995).

cases, B-cell clonality, assessed by PCR for amplification of
the VDJ region of the immunoglobulin heavy chain gene
(IgH), is used to support the diagnosis of gastric MALT
lymphoma[54]. The presence of H pylori infection should be
diagnosed with routine biopsies taken and/or rapid urease
test. In case of negativity, serology should be performed
to identify truly negative gastric MALT lymphomas. Once
the diagnosis of gastric lymphoma has been established,
the accurate determination of the extension of the disease
is crucial for the therapeutic approach. The initial staging
should comprise a gastroduodenal endoscopy combined
with endoscopic ultrasound to determine the extent
of the gastric wall involvement. This method is more
accurate than CT scan for the detection of spread to
perigastric lymph nodes[11,55,56], especially in limited stages.
Furthermore, colonoscopy, bone marrow aspiration,
examination of the pharynx, chest x-ray and abdominal
ultrasound should be performed to exclude lymphoma
spread to other lymphatic or extra-lymphatic organs.
The clinical stage will be determined in accordance
with the Ann Arbor classification of extranodal NHL
modified by Musshoff as proposed in 1977[57]. In 1994,
this staging system was refined with emphasis on separate
description of local penetration into neighbouring
structures. The subdivision in stage Ⅲ and Ⅳ disease was
taken together and considered as widely disseminated
disease. Radaszkiewicz et al[58] (1992) defined stadium Ⅰ1
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as involvement of mucosa and submucosa, stadium
Ⅰ 2 as lymphoma extending beyond the submucosa, and
differentiated stage Ⅱ into disease with neighbouring
(Ⅱ1) and distant lymphnodes (Ⅱ2). In 2003 RuskonéFourmestraux et al[59] introduced a modified TNM classification system, the Paris staging system, to adequately
describe (1) depth of tumor infiltration, (2) extent of
nodal involvement as well as (3) specific lymphoma
spreading (Table 1), which tries to address the different
behaviour of MALT-lymphoma, especially with respect to
local infiltration.
What stage-what kind of therapy?
The most effective management of primary gastric
lymphoma depends on the exact diagnosis of the
lymphoma, the accurate clinical staging of the disease,
and the presence of H pylori infection. Despite a load of
literature on different therapeutic strategies for patients
with gastric MALT lymphoma, published data sometimes
are confusing: insufficient staging and outdated histologic
classifications are a major problem of the older reports,
and more recent studies often refer to retrospective studies
of patients not uniformly staged and treated.
However, most studies report on treatment outcomes
for localized gastric MALT lymphoma. Patients have
been treated with a variety of combinations of surgery,
radiotherapy, and chemotherapy including H pylori
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eradication and a watch-and-wait strategy, but the optimal
therapeutic algorithm for patient management still remains
to be determined.

ERADICATION THERAPY
H pylori positive patients
As indicated earlier, experimental data have extended
the knowledge of the mere association of gastric MALT
lymphoma and infection with H pylori. The perception
that growth of low-grade MALT lymphoma is modulated
in vitro by H pylori-related factors, and that cure of the
infection may influence tumour g rowth leading to
lymphoma remission started in 1992. Meanwhile, many
clinical studies have shown that cure of H pylori infection
is associated with complete remission of gastric MALT
lymphoma in approximately 80% of patients with H pyloripositive gastric low-grade MALT lymphoma in stage
[14-25,60]
; but until recently only few data existed on the
Ⅰ
long-term stability of the remissions induced. A recent
paper by Wündisch and co-workers[24] report on the longterm follow up of 120 patients with stageⅠdisease. The
median follow-up was 75 (range: 1-116) mo, and fiveyear survival was 90%. Overall, 80% of patients achieved
a complete histologic remission (CR) with 80% of them
being in continuous complete remission (CCR). Only 3%
showed clinical lymphoma relapse and were referred to
alternative treatment strategies. These findings suggest that
at least a fraction of the patients may actually be cured
from their lymphoma by a therapy directed against the
underlying infection only. Histologic residual disease (RD)
and ongoing B-cell clonality are present in a considerable
number of patients[61]. But due to the indolent nature of
the lymphoma a careful watch-and-wait strategy seems
to be justified[24,25]. To date, eradication therapy in H pyloripositive, primary gastric MALT lymphoma patients
with localized stageⅠdisease has to be considered as
treatment of choice with any of the highly effective
antibiotic regimens proposed can be used[62,63]. The role of
eradication therapy in stage Ⅱ lymphomas is still under
discussion. Treatment success is lower, being only 40% in
stage Ⅱ1[20,55]. In any case, a strict endoscopic follow-up is
recommended. Current protocols recommend to wait at
least for 12 mo after successful eradication therapy before
a non-responder is defined and second-line therapy is
applied. Long-term follow-up of antibiotic treated patients
is mandatory.
Watch-and-Wait: Is it safe to do nothing?
Many patients, approximately 20%, with H pylori-positive,
early stage gastric MALT lymphoma do not respond to
eradication therapy with complete lymphoma remission.
They may show lymphoma progression or, more often,
persistent lymphoma infiltrates despite normal endoscopy
and endoscopic ultrasound examination. For those
patients, the term minimal residual disease has been
postulated. The consensus has been that these patients
should be referred to further oncological treatment.
However, in a recent report by Fischbach and colleagues[64],
seven patients with so called minimal residual disease after
eradication therapy refused any further treatment, but
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nevertheless agreed to regular follow-up. Despite persistent
B-cell clonality, neither lymphoma progression nor highgrade transformation arose during a mean observation
period of 34 (range 22-44) mo. In view of the favourable
course of these patients, a watch-and-wait strategy could
be a valid approach to the management of this disease in
individual cases, taking into account the clinical situation
of the patient (age, comorbidities) as well as potential risk
factors (molecular markers). Very thorough investigations
are, however, mandatory when deciding to do so.
H pylori negative patients
Approximately 5% to 10% of gastric MALT lymphomas
are H pylori negative, and the pathogenesis of these cases is
poorly understood[65]. For the definite diagnosis of H pylori
negativity in case of negative biopsy specimens, serological
analysis for CagA antibodies and H pylori-IgG antibodies
should be performed[66], and other Helicobacter species such
as H heilmannii or H felis should be excluded[19,67]. Possible
pathogenic mechanisms that are currently under discussion
for H pylori-negative gastric MALT lymphomas include
hepatitis C virus infection[68,69], autoimmune diseases[70],
and the translocation t (11, 18)[71,72].
Cur rently, there are no guidelines how to treat
patients with low-grade H pylori-negative gastric MALT
lymphoma. So far, multiple treatment modalities including
chemotherapy, surgery or local radiation have been used
with various response and remission rates. The role of
eradication therapy despite absence of the infection is
currently under discussion. Analyzing predictive factors for
complete lymphoma remission after eradication therapy
it became evident that lack of H pylori infection adversely
affects response to antibacterial treatment. As reported
by Ruskoné-Fourmestraux and co-workers[20], 10 patients
within the group of patients with low-grade gastric MALT
lymphoma who received eradication therapy were H pylori
negative, and none of them (23% of all cases) showed
lymphoma remission, that is 40% of all non-responders.
Hence, eradication treatment in patients with low-grade
gastric MALT lymphoma, whatever the H pylori status is,
is therefore of doubtful clinical relevance. Comparable
results were documented in a paper by Steinbach and
colleagues in which 6 patients with H pylori-negative gastric
MALT lymphoma did also show no signs of lymphoma
remission after antibiotic therapy[17]. In this analysis, not
only the H pylori status seems to be important, but also
the distribution of the lymphoma is probably related to
the differing clinical course of these lymphomas. Steinbach
et al postulated that proximal localized MALT lymphomas
might either be H pylori associated or may be H pyloriindependent autoimmune gastritis associated, which is
generally proximal in distribution. Therefore, H pylori
negativity and proximal localized MALT tumours seem
to be negative predictive factors for fully response to
antibiotic treatment. On the other hand, Raderer and coworkers report in a single center study on six patients with
H pylori-negative localised gastric MALT lymphoma who
underwent antibiotic treatment[73]. H pylori infection was
ruled out by histology, urease breath test, serology, and
stool antigen testing. Following antibiotic treatment, five
patients responded with lymphoma regression between
www.wjgnet.com
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three and nine months (one partial remission and four
complete responses). One patient had stable disease for
12 mo and was then referred for chemotherapy.
Based on the patients compliance and the patients
decision concerning other oncological treatment approaches,
eradication therapy might be an individualized option, but
can clearly not be recommended generally in all H pylorinegative patients.

ROLE OF SURGERY
Is there a role at all?
Surgery has long been the therapeutic standard approach
for gastric lymphoma. It was important in the diagnosis,
staging, and management of early stage disease. The
exact histological composition of the lymphoma based
on a resected stomach as well as the pathological staging
has always been an accurate and reproducible diagnostic
tool. Several series demonstrated five-year survival rates
of over 90% with resection alone[74,75]. In a meta-analysis
of 80 studies investigating more than 3500 patients with
gastric lymphoma, 83% of them were treated primarily
by surg er y [76] . T he 5-year-sur vival rate (60%) was
significantly higher when compared to the conservative
treatment approach, i.e. chemo- or radiotherapy. However,
complication rates for g astrectomy and extensive
lymphadenectomy occur in up to 50% of patients[74]. Thus,
while surgery can clearly result in excellent survival for
patients with localized disease, it is associated with both
short-term and long-term morbidity.
Several German Multicenter Study Groups did clearly
show that an organ-preserving approach for early gastric
lymphoma is not inferior to primary surgery[77,78]. There
was no significant difference in survival between surgery
and nonsurgery groups. The overall 5-year survival rate
was 82% and 84%, respectively [77] . In a recent, again
nonrandomized multicenter trial, these results were
confirmed in almost 750 patients [48]. In addition, two
randomized studies by Avilés et al[79,80] further supported
that surgery could be omitted from primary treatment of
early gastric lymphoma. Most contemporary treatment
algorithms no longer include surgical resection in the
primary treatment of gastric lymphoma and reserve
surgery for the management of complications or unique
cases of locally persistent disease.

ROLE OF RADIATION THERAPY
As part of the therapeutic strategy
Since surgery was the preferred approach for a long time,
the curative potential of radiotherapy as conservative
strategy alone, or in combination with chemotherapy first
became clear when interest in non-invasive treatment
modalities became evident. MALT lymphomas have
recently been reported as being highly sensitive to
radiotherapy[77,81-84] and treatment is potentially curative
for those with localized stageⅠand Ⅱ. Involved field
radiotherapy is therefore applied with doses of 30 to 35 Gy
to the entire stomach, paragastric and celiac lymph nodes
resulting in > 95% local control. The limit of the total
dose to both kidneys should be < 20 Gy, while keeping a
www.wjgnet.com
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significant volume of liver (> 50%) exposed to low doses
(< 25 Gy)[83,85]. Fields should be shaped with multi-leaf
collimators to further minimize exposure of the liver and
kidneys, and preliminary data suggest, that further dose
reduction to 25.2 Gy in localized gastric MALT lymphoma
might be as effective as doses of 30 to 35 Gy[86].
In planning radiation for the stomach the principle and
technique similar to that used for gastric carcinoma can
be adapted for use, hence, CT planning is indispensable.
Although transient nausea and anorexia is common
with radiotherapy, no serious long-term toxicity such
as ulceration or hemorrhage has been observed with
the 30 to 35 Gy doses[87], and relapse of gastric MALT
lymphoma rarely occurs. The risk for the development of
a second malignancy, such as adenocarcinoma, attributable
to primary radiation, is low[88,89]. Generally, patients with
gastric lymphoma tend to be at increased risk for gastric
adenocarcinoma due to a common pathogenesis of both
diseases, irrespective of the treatment modality[90-93].
In conclusion, radiotherapy is effective and safe
and offers the significant advantage of low morbidity
compared to surgery. It represents a curative treatment
option for patients with gastric MALT lymphoma being
H pylori-negative or unresponsive to eradication therapy
with lack of complete lymphoma remission as part of a
multistep treatment approach.

ROLE OF CHEMOTHERAPY
Efficacy and curative potential
MZBCL of MALT type was long thought to be a localized
disease, hence local treatment approaches, i.e. surgery
and radiation were applied predominantly. Systemic
dissemination, non-responder and recurrences after
localized treatment have induced the evaluation of systemic
treatment approaches [94,95]. Various chemotherapeutics
including alkylating agents, nucleoside analogs or the
combination of the latter have been tested but only limited
data especially on untreated patients with localized disease
exist to date. So far, there is no chemotherapeutic standard
treatment for patients with MZBCL of MALT type either
presenting with disseminated or relapsed or progressive
disease after local treatment or after H pylori eradication.
This fact is attributable to the lack of phase-Ⅲ studies on
the one hand, and the low prevalence of the disease on the
other.
Complete remission (CR) rates of gastric MZBCL
of MALT type in stageⅠafter oral monochemotherapy
(OMC) with cyclophosphamide or chlorambucil are
reported to range from 82% to 100%, and from 50%
to 57% for stage Ⅳ disease [96,97]. In a recent study by
Nakamura and co-workers from Japan a similar CR rate
of 89% was achieved after OMC with cyclophosphamide
100 mg/d[98]. In this study, the results in CR rates after
OMC were comparable to the CR rates achieved with
radiotherapy, hence, OMC might also be a suitable second
line therapeutic option after failure of first line treatment
approach such as H pylori eradication. The presence of the
translocation t (11; 18) has been shown to be a negative
predictive factor for lymphoma response to eradication
therapy. The role of this translocation for the prediction
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of response to chemotherapy is yet under investigation.
Recent data have shown that for oral alkylating agents such
as cyclophosphamide or chlorambucil the presence of t
(11; 18) in gastric MZBCL of MALT type is predictive of
resistance[99]. Complete remission rates of gastric MZBCL
of MALT type after 1 and 8 years were 42% and 8% for t
(11; 18)-positive, and 89% and 89% for t (11, 18)-negative
patients, respectively (P = 0.0003, 8 years). Hence, oral
alkylating agents might only be administered in patients
with t (11; 18)-negative lymphoma.
A combination therapy with f ludarabine plus
mitoxantrone (FM) has also been shown to be effective
in the frontline or salvage treatment in patients with
non-gastrointestinal stageⅠ MZBCL of MALT type.
All patients (n = 20) treated with FM achieved complete
lymphoma remission[100]. The treatment efficacy of FM
was compared to a polychemotherapy regimen containing
cyclophosphamide, vincristine, and prednisone (CVP) (n
= 11). Of those, 4 patients experienced disease recurrence
after CVP therapy, achieving a second CR after FM
salvage therapy. Hence, the fludarabine-containing regimen
as frontline or salvage therapy seems to be superior to
CVP in terms of efficacy at least in non-gastric MZBCL
of MALT type. Polychemotherapy with mitoxantrone,
chlorambucil, and prednisone (MCP) in chemotherapynaïve patients with MZBCL of MALT type at various
sites seems also to be an option with a good response rate
over 80%[101]. However, CR rates are lower with only 53%
after a median number of 5 cycles per patients. Subjective
tolerance of chemotherapy is generally good, and toxicities
are mainly mild. Grade 3 or 4 toxicity (WHO) is observed
in up to 1/3 of patients treated with various monoor polychemotherapy approaches, and mainly includes
haematological adverse events such as leukocytopenia.

NOVEL AGENTS AND THE INDIVIDUAL
APPROACH
Purine analoga
Based on the good therapeutic efficacy of the nucleoside
analog fludarabine in nongastric MZBCL of MALT
type[100] the administration of other nucleoside analogs,
which have demonstrated therapeutic potential in various
types of indolent lymphoma seems compelling. Cladribine
or 2-chlorodeoxyadenosine [2-CdA] has been investigated
in a phase-Ⅱ study[102] in patients with gastric (n = 19) and
nongastric (n = 7) MZBCL of MALT type at any stage.
Patients had to be chemotherapy-naïve, not responding to
H pylori eradication therapy in case of gastric lymphoma or
suffering from a relapse after radiation therapy. In addition
to the direct cytotoxic potential of this agent, 2-CdA is
associated with a pronounced T-cell depletory activity.
This additional effect may enhance efficacy of this drug
in gastric MZBCL of MALT type due to the potential
role of antigen-specific T-cells in lymphomagenesis[103,104].
2-CdA was administered at a dose of 0.12 mg/kg body
weight by intravenous infusion over 2 h on d 1 to 5, and
was repeated every 4 wk. After a median number of 4
cycles virtually all patients responded to the treatment, and
84% achieved a complete lymphoma remission including
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all patients with a gastric lymphoma. In contrast to the
oral alkylating agents, the presence of the translocation t
(11; 18) does not adversely affect the response to 2-CdA
chemotherapy [105] . However, 3 patients with gastric
lymphoma have relapsed locally after 13, 18, and 22 mo,
and were salvaged with radiotherapy. Approximately 38%
of patients experienced toxicities of WHO grade 3 and
4 including mainly leukocytopenia, a herpes zoster in one
patient, and cardiac toxicity in another. In the literature,
some patients that have been treated with 2-CdA,
developed a treatment-related mylodysplastic syndrome
and acute leukaemia[106]. However, since these reports are
rare, 2-CdA can be considered as a highly effective and
relatively safe drug, and might therefore represent a good
individual therapeutic option in patients with MZBCL of
MALT type.
Platinum-derivates
Platinum derivates have shown a broad range of anticancer
activity. Oxaliplatin (L-OHP), a diaminocyclohexane
(DACH) platinum, has shown a differential spectrum of
cytotoxicity compared to cisplatin, with activity in primary
or secondary cisplatin-resistant solid tumors. Also in
terms of adverse events, it is substantially different from
both carboplatin and cisplatin, and it has become part of
standard therapy for advanced colorectal carcinoma.
The tolerance and activity of oxaliplatin has been
investigated in patients with heavily pretreated refractory
or recurrent non-Hodgkin's lymphoma. Administered
as single-agent therapy, the objective response rate is
between 27% and 40%[107,108]. Combined oxaliplatin with
high-dose cytarabine and dexamethasone (DHAOx)
increases the response rate up to 73%[109,110]. However,
due to combination therapy, toxic side effects are more
common than in L-OHP single agent therapy with up to
75% neutropenia and 75% thrombocytopenia WHO grade
3 and 4[110]. After a closer look on these data on L-OHP
efficacy in non-Hodgkin's lymphoma, it becomes clear
that the patients cohorts investigated are heterogeneous
concerning the lymphoma entity and histology including
up to 73% of patients with an aggressive non-Hodgkin's
lymphoma histology[107,108]. Therefore, a recent phase-Ⅱ
study by Raderer and co-workers evaluated the activity of
single-agent L-OHP in MZBCL of MALT type[111]. Sixteen
patients with a MZBCL of MALT type of various sites
including 3 patients with a gastric lymphoma were treated
with L-OHP 130 mg/m2 i.v. for 2 h, repeated every 21 d
for a maximum of 6 cycles. After a median of 4 cycles, the
objective response rate was 94%, with 9 patients (56%)
achieving a complete remission. Of the 16 patients tested
for the translocation t (11; 18), 11 (69%) were positive, but
the presence of the translocation did not affect treatment
outcome. So far, 1 patient relapsed after 12 mo, and 2
patients experienced progression 4 and 6 mo after partial
response, respectively. Tolerance of therapy was excellent
and no grade 3 or 4 toxicities were described. Only mild
side effects were experienced such as sensory neuropathy
WHO grade 2, nausea/emesis WHO grade 2 or anemia,
leukocytopenia and thrombocytopenia WHO grade 1
and 2. Overall, L-OHP is highly effective and nontoxic in
www.wjgnet.com
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MZBCL of MALT type irrespective of the translocation
status or previous treatment approaches, and might
represent another individual rescue option.
Monoclonal antibody (anti-CD 20) - Rituximab
Rituximab is a chimeric antibody targeting the CD20
epitope expressed on mature B-cells, and various types of
lymphomas of the B cell lineage including gastric MZBCL
express CD20, too. The clinical efficacy of this agent
has first been demonstrated in follicular lymphoma[112].
Currently, the use of rituximab has been extended to
other subtypes of non-Hodgkin lymphomas both as
a single agent [112,113] or in combination with cytotoxic
chemotherapy[114-116]. Mechanisms responsible for the antilymphoma efficiacy of rituximab include immune-mediated
effects, i.e. lysis and cytotoxicity, and direct effects induced
by ligation of the epitope leading to apoptosis[117].
The efficacy of rituximab in patients with gastric
MZBCL has not been extensively evaluated. The first
phase Ⅱ study was published in 2003 analysing rituximab
monotherapy given at doses of 375 mg/m 2 once
weekly for 4 wk in patients with untreated and relapsed
extranodal MZBCL at any stage [118] . Of 35 patients
investigated, 15 had a primary gastric lymphoma. Only 2
patients were H pylori negative initially, the other patients
had previous treatment attempts including eradication
therapy, chemotherapy or chemoradiotherapy. The study
demonstrated a significant clinical activity of rituximab.
The overall response rate (ORR) in primary gastric
MZBCL was 64% with a 29% complete remission rate
with only mild to moderate and self-limiting toxicity.
However, prior receipt of chemotherapy resulted in a
drop of ORR to 45%, and the relapse rate after end of
treatment was high (36%) suggesting that the 4-weekly
dosing regimen used may not be sufficient to achieve
continuous complete remission. A retrospective analysis
by Raderer and co-workers[119] in 9 unselected patients
with advanced MZBCL at different sites that were treated
with rituximab also given at doses of 375 mg/m2 once
weekly for 4 wk are in line with the data presented by
Conconi[118]. The objective response rate was 50% with
a complete remission rate of 33%. However, results
are interpreted with more caution in terms of inducing
objective responses indicating that rituximab might not
optimally penetrate into the gastric mucosa. Analysing
a less heterogeneous cohort of patients with early stage
disease, i.e. H pylori-negative gastric MZBCL, ORR is
increasing over 70% with a complete remission rate of
almost 45%[120,121]. Hence, in individual patients, rituximab
monotherapy seems to be a good therapeutic option to
induce complete lymphoma remission, and the prevalence
of the translocation t (11; 18) seems not to have an effect
on the lymphoma response to rituximab therapy[120,122].

WHAT ABOUT HIGH-GRADE LYMPHOMA?
Role of H pylori, role of eradication therapy and the
standard approach
Gastric diffuse large B-cell lymphoma (DLBCL) is the
most common lymphoma type arising in this organ.
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Transformation of MALT lymphoma to DLBCL has
been described[7], and genetic evidence for a clonal link
between low- and high-grade components do indeed exist.
Hence some cases of gastric DLBCL are transformed
MALT lymphomas, but others are true primary DLBCL.
However, there is no difference in the clinical behaviour
between transformed MALT lymphomas and primary
DLBCL[42]. In some cases, H pylori infection, low-grade
MALT component and DLBCL are present simultaneously.
Regardless of H pylori infection, these malignancies
have been termed "diffuse large B-cell lymphoma with
concomitant low-grade MALT component"[2].
H pylori infection is found in 35% of gastric DLBCL,
being more common in cases with a concomitant MALT
component (65% versus 15%, respectively [123,124] . In
contrast to tumor cells of gastric MALT lymphoma,
the growth of high-grade lymphoma cells in vitro was
independent on the presence of H pylori antigens or
H pylori-specific T-cells[103], hence, the role of eradication
therapy in H pylori-positive gastric DLBCL with or without
concomitant MALT components remains unclear.
Recent retrospective and prospective studies as well as
isolated case reports have shown that H pylori eradication
in gastric DLBCL with concomitant MALT components
in an early localized stage results in durable complete
lymphoma remission in 50% to 63% of cases [125-131] .
Hence, at least in an initial phase, high-grade lymphoma
transformation is not necessarily associated with a loss of
H pylori dependence and might therefore lead to complete
lymphoma remission without any other additional
oncological treatment. Despite these positive results, the
standard approach for patients with gastric DLBCL
stageⅠand Ⅱ should include rituximab plus conventionaldose antracycline-containing chemotherapy, which may
or may not be followed by radiation therapy[48,114,116]. In
addition to chemotherapy, confirmed H pylori infection
should always be eradicated to minimize the risk of lowgrade relapse[132]. Surgery should only be performed in
patients with massive bleeding or perforation.

CONCLUSION
Gastric MALT lymphoma has been incorporated into
the WHO lymphoma classification, termed as extranodal
marginal zone B-cell lymphoma of MALT-type. Its
pathogenesis has been extensively studied, and chronic
H pylori infection has been clearly shown to play a causative
role. The increasing insight into molecular genetics of
gastric MALT lymphomas has deepened our understanding
of clinical lymphoma behaviour, with the most relevant
translocation t (11; 18) (q21; q21) being present in up to
40% of cases. The t (11; 18) translocation is seen more
frequently in disseminated and advanced lymphomas, and
it has been associated with early stage cases that do not
respond to H pylori eradication.
Prior to any therapeutic approach, a thorough clinical
staging procedure and the exact determination of H pylori
status are of utmost importance. Clinical staging should be
based on the modified Ann Arbor system or on the newly
proposed TMNB-Paris staging system (Table 1) to allow
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optimal comparability of patients cohorts.
Based on the data given, there is increasing evidence
that eradication therapy of H pylori can be effectively
employed as the sole initial treatment of localized gastric
MALT lymphoma. Diagnosis of lymphoma remission after
eradication therapy may take up to 18 mo or even longer.
Current protocols recommend to wait for at least 12 mo
before a non-responder is defined and second-line therapy
is applied. Long-term data also show, that these complete
lymphoma remissions are stable for at least 10 years and
patients are basically cured of their disease. The role of
eradication therapy in truly H pylori-negative lymphomas,
that is negativity by histolog y, urea-breath test and
serology, is currently under discussion and not generally
recommendable. For those patients, and for patients
that do not achieve complete lymphoma remission after
eradication treatment, second line therapeutic strategies
should be employed. Conservative approaches such as
chemotherapy, radiotherapy or the chimeric monoclonal
antibody anti-CD20 represent good options with very
good response rates and low toxicities, still harbouring a
high curative potential. Surgery should only be performed
in patients with gastric complications such as perforation
of bleeding. In advanced lymphoma stages, chemotherapy
is still the treatment of choice, but curative protocols are
currently not available. However, newer cytotoxic agents
such as platinum-derivates or purin-analogs might improve
therapeutic efficacy also in advanced lymphoma stages.
In gastric high-grade lymphoma, either derived from a
low-grade MALT counterpart or developed de novo, the
conventional antracycline-based chemotherapy plus antiCD-20 antibody, which may or may not be followed by
radiation therapy, remains the treatment of choice. In case
of H pylori infection, eradication therapy should always
be performed to influence low-grade components and to
minimize the low-grade relapse risk after successful radiochemotherapy (Figure 1).

ISSUES IN THE FUTURE
Up to date, the pathogenesis of gastric MALT lymphoma
has extensively been studied and many insights have
been gained. These insights, such as the translocation
t (11; 18), should now been evaluated prospectively
to further understand their relevance for therapeutic
decisions. The aim should be a better patient stratification
prior to therapeutic decisions to increase treatment
success. In future it should be possible to characterize
the individual patients profile including parameters such
as lymphoma stage, H pylori status, translocation status,
B-cell monoclonality and other possible markers to predict
the individual risk for treatment failure for the chosen
treatment option.
Conservative treatments such as chemotherapy and
radiotherapy should be analyzed further. Both options
harbour a high curative potential, the first also for
higher stages. In future, chemotherapy protocols should
be combined to increase the number of patients. This
engagement might allow phase-Ⅲ studies to be performed
with a larger scientific benefit.
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Histopathology
Staging

StageⅠ
Ⅰ1

Ⅰ2

Hp +

Hp -

neg. pos.

EUS

Hp

Stage Ⅱ
Ⅱ1

Ⅱ2

Hp +

Hp -

t (11; 18) neg.

Eradication
CR (%)
80-40-20

pos.

Stage Ⅲ/Ⅳ

2CdA
Rituximab
fludarabine
Poly Cx

Radiation
36 vs 25.2 Gy

Figure 1 Therapeutic algorithm for the stage dependent treatment of gastric MALT
lymphomas based on the exact histopathology and thorough staging procedure.
Patients stratification is orientated at three key decision points: (1) staging with
endoscopic ultrasound (EUS), (2) H pylori (Hp) status, and (3) the presence of t
(11; 18). As second line therapy in case of eradication non responders, radiation
should be performed.

The role of radiotherapy might be more important
than currently thought of. Volume-reduced radiation
protocols have shown a high curative efficacy in stageⅠ
and Ⅱ lymphomas with lower toxicities when compared
to conventional protocols. Furthermore, a dose reduction
of less than 26 Gy is under investigation as for the efficacy
and toxicity in patients with gastric MALT lymphoma
stageⅠand Ⅱ, and preliminary results are promising.
The authors would currently recommend radiotherapy as
treatment of choice in second line approach or H pylorinegative first line approach in patients with gastric MALT
lymphoma stageⅠand Ⅱ.
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Abstract
Acute pancreatitis is the most common complication of
endoscopic retrograde cholangiopancreatography (ERCP).
The only way to prevent this complication is to avoid
an ERCP all together. Because of the risks involved, a
careful consideration should be given to the indication
for ERCP and the potential risk/benefit ratio of the
test. Once a decision to perform an ERCP is made, the
procedure should be carried out with meticulous care
by an experienced endoscopist, and with a minimum
of pancreatic duct opacification. Several pharmacologic
agents have been tested, but to date the most important
method of reducing post ERCP pancreatitis is the
placement of pancreatic stent. Pancreatic stents should
be placed in all patients at high risk of this complication
such as those undergoing pancreatic sphincterotomy,
pancreatic duct manipulation and intervention, and
patients with suspected sphincter of Oddi dysfunction.
Pancreatic stents should be also considered in patients
requiring precut sphincterotomy to gain biliary access.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Acute pancreatitis is the most common complication of
endoscopic retrograde cholangiopancreatography (ERCP),
with an incidence of 4% in low risk patients and 40%
in high risk patients [1-3]. Most patients experience mild
pancreatitis, while severe disease with pancreatic necrosis,
multiorgan failure, prolonged hospitalization, and death is
seen in 0.3%-0.6% of patients[4,5].
Risk factors for post ERCP pancreatitis can be
categorized into patient-related, operator-related, and
procedure-related factors. Patient-related factors include
young age, female sex, preexisting pancreatitis, prior post
ERCP pancreatitis, small/nondilated bile duct, pancreas
divisum, lack of chronic pancreatitis, and sphincter
of Oddi dysfunction [6]. The principal operator-related
factors are low volume and the total number of ERCP's
perfor med annually-both for the endoscopists and
the center, but these are controversial as independent
predictors of risk. In general, endoscopists who perform
more than 2 ERCP's per week have significantly greater
rate of successful cannulation. In one study, conducting
less than 40 sphincterotomes per year predicted the
development of post ERCP pancreatitis [4]. Procedurerelated factors include time taken for cannulation,
precut sphincterotomy, pancreatic or minor papilla
sphincterotomy, pancreatic brushings, acinarization during
pancreatogram, number of pancreatic contrast injections,
nasobiliar y tube placement, and poor drainage of
contrast[4]. The various independent predictors may have
an additive effect. In view of these observations, choosing
the right patient, with the right indication, at the right
endoscopy center is essential for the prevention of post
ERCP pancreatitis.
The most obvious way to eliminate the risk of post
ERCP pancreatitis is to avoid an ERCP entirely. Excellent
alternative imaging modalities that are safer such as
magnetic resonance cholangiopancreatography (MRCP)
and endoscopic ultrasound (EUS) are available. A detailed
discussion of the diagnostic merits of ERCP, MRCP and
EUS is beyond the scope of this review.
Unfortunately, even if the patient has been properly
selected and the procedure performed with meticulous
technique, pancreatitis can still occur. The mechanisms
of post ERCP pancreatitis are incompletely understood.
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Hyperamylasemia develops in up to 70% patients, yet only
a fraction of patients develops clinical pancreatitis. Several
hypothetical mechanisms for post ERCP pancreatitis
include pancreatic sphincter hypertension, local edema due
to mechanical trauma, electrical injury from electrocautery,
hydrostatic or osmotic injury to the acini[7], and contrastinduced activation of proteases leading to oxidative
damage to the pancreas[8].
Because ERCP is associated with a high rate of
complications, including lawsuits[9], several pharmacological
agents and other interventions have been examined in
the prevention of post ERCP pancreatitis. The first such
trial was published in 1978[10]. The preventive measures
used can be categorized as sphincter relaxants, protease
inhibitors, types of contrast, anti-inflammatory/antioxidant agents, anti-secretory compounds, electrosurgical
techniques, and placement of various types of stents. With
few exceptions, a positive beneficial response has been
rare. Most trials have been small, single-center studies with
unexpectedly high rates of post ERCP pancreatitis in the
placebo group. Unfortunately, many promising preliminary
studies are followed by larger, multicenter trials, which
were negative. Sadly, despite several decades of intense
investigation and hundreds of published trials, 39 from
2000-2006 alone, other than pancreatic stenting, we still
lack an agent with proven benefit in the prevention of post
ERCP pancreatitis[11].

PHARMACOLOGIC AGENTS
Hormones
Somatostatin/octreotide: The most widely investigated
compound for prophylaxis against post ERCP pancreatitis
is somatostatin and its synthetic, longer acting analogue,
octreotide[12]. Both inhibit pancreatic secretion directly as
well as indirectly by blocking the release of cholecystokinin
(CCK) and secretin [7] . In experimental models, both
agents have been shown to alter the cytokine milieu, have
anti-inflammatory activity, and protect the pancreatic
cells [11,12]. Octreotide has additional advantages: it may
decrease proteolysis, reduce intraductal pressure, and is
administered subcutaneously, unlike somatostatin which
requires continuous Ⅳ infusion. However, octreotide may
increase the basal pressure and frequency of contraction
of the sphincter of Oddi [7], which is why most recent
trials delay ERCP by one hour after the administration
of octreotide[12]. Whether somatostatin also increases the
sphincter of Oddi pressure is controversial[7,13,14].
Studies on the use of octreotide and somatostatin
have yielded conflicting results. A meta-analysis published
in 2000 showed that somatostatin (12 trials) significantly
reduced post ERCP pancreatitis while octreotide (10
trials) did not-all in low risk patients[15]. The same group
in a subsequent report, noted that the addition of another
randomized controlled trial (this time on high risk patients)
reduced the effect of somatostatin to a nonsignificant
trend. These workers concluded that the routine use of
either agent is not justified[16]. A recent meta-analysis of
11 randomized controlled trials from 2000-2002, on 2270
patients published in an abstract form also did not find
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any benefit with octreotide and somatostatin, except for
somatostatin in patients undergoing sphincterotomy[17]. A
more recent meta-analysis found benefit with somatostatin
only in the prevention of post ERCP hyperamylasemia,
which clearly is of dubious importance. Of practical
importance, it should be noted that somatostatin is not
available in the U.S.
Thomopoulos et al resurrected the use of octreotide,
and showed a significant reduction (from 8.9% to 2%) in
post ERCP pancreatitis, with high dose therapy (500 mg
tid for 24 h before the procedure); the only 2 instances of
moderate to severe pancreatitis occurred in the placebo
group. The cost per patient was $233 for the drug alone[12]
and the number needed to treat to benefit one patient was
13. However, this double blind, randomized controlled
trial (RCT) was hampered by a single center design, the
inclusion of mostly low risk patients, and by the relatively
small sample size of 101, giving an a priori power of
only 38%[11]. One can only hope that these results can be
replicated in larger multi-center trials.
Li et al [18] in a multicenter RCT on 418 patients in
China, recently reported that 300 mg Ⅳ octreotide started
1 h before and continued 6 h after ERCP significantly
reduced post ERCP pancreatitis. Several criticisms have
been made on this study, including the high prevalence of
stone disease in the study population, a significantly greater
use of pancreatic stents in the octreotide group, and
significantly more nasobiliary drains in the control group[7].
Secretin: Secretin stimulates bicarbonate secretion by the
pancreatic ductal epithelium and may relax the sphincter
of Oddi. It is often used during ERCP to facilitate
cannulation [19] . A retrospective, single center study,
published in abstract form, compared secretin use in 141
patients with 4323 controls; post ERCP pancreatitis was
virtually nonexistent in the secretin group vs 3.6% in the
control group[20]. However, an earlier RCT showed that
secretin did not reduce post ERCP hyperamylasemia[21].
Glucagon: Glucagon suppresses pancreatic exocrine
secretion in animals and humans[22]. It also relaxes smooth
muscles, possibly of the sphincter of Oddi[23]. However,
in one human study glucagon failed to show any benefit in
the prevention of post ERCP pancreatitis[24].
Calcitonin: In the late 1970's and early 1980's, calcitonin
was used in several studies to prevent post ERCP
pancreatitis, based on its ability to inhibit amylase synthesis
and secretion[25]. However, none of these studies showed
any benefit with this compound[26,27].
Sphincter relaxants
Nitrates: The use of two milligrams of sublingual
nitroglycerin immediately before ERCP significantly
reduced post ERCP pancreatitis (from 18% to 8%) in
what was believed to be a low risk population[28].Another
study found that a 15 mg transdermal glyceryl trinitrate
patch significantly decreased post ERCP pancreatitis, from
15% to 4%[29]. However, both these studies were criticized
for the high rate of pancreatitis in the placebo groups.
Moreover, as with all drugs that relax the sphincter,
anatomical factors such as the angle between the ducts,
and stiffness of the papilla were likely important predictors
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because of the difficulty of cannulation rather than
dilation of the ampulla[30]. Another study on 316 patients
using a 5 mg transdermal glyceryl trinitrate patch also did
not find a reduction in post ERCP pancreatitis, even in
high risk patients[31].
Nifedipine, another sphincter of Oddi relaxant, has
also proved to be ineffective[32,33].
These disappointing results led to a trial of spraying
topically 10 mL of 1% lidocaine to reduce sphincter of
Oddi spasm; there was no reduction in the incidence
of post ERCP pancreatitis or difficulty in cannulation
compared to placebo[34].
Botulinum toxin: One trial evaluated the use of
botulinum toxin, a potent and long acting blocker of
acetylcholine release. This compound was injected into
the pancreatic sphincter in 26 patients with elevated
basal biliary sphincter pressure who underwent biliary
sphincterotomy. This single center trial did not find a
significant reduction in post ERCP pancreatitis in the
botulinum group compared to the sham group (24% vs
43%, P = 0.31). The authors concluded, based on the
high rate of pancreatitis in the sham group, that efforts
should be made to protect the pancreatic sphincter in such
patients[35]. This study has been criticized for the following
5 reasons: (1) High rate of pancreatitis in the placebo
arm, which forced the study to be terminated early. (2)
The peak clinical response to botulinum toxin in patients
with achalasia and sphincter of Oddi dysfunction occurs
after several days and not immediately; an agent designed
to protect post ERCP pancreatitis should work much
quicker to facilitate emptying of contrast. (3) Injection of
a small quantity like 0.25 mL of botulinum toxin is very
challenging and can easily involve injection of saline or air.
(4) Dual sphincterotomy with pancreatic duct stenting is
more cost effective and should be the treatment of choice
even in patients with isolated hypertension of the biliary
sphincter (with type Ⅲ and arguably type Ⅱ sphincter of
Oddi dysfunction)[36]. (5) Use of botulinum toxin should
always be accompanied with pancreatic duct stenting (see
section below on stenting)[37].
Epinephrine: Epinephrine is believed to reduce the
sphincter of Oddi pressure and post procedure edema
by decreasing capillary permeability. In a nonrandomized
study, there was significant reduction in post ERCP
pancreatitis and ser um amylase levels in patients
undergoing balloon extraction of CBD stones and
intraductal irrigation with 40-120 mL of a 1:1 000 000
epinephrine solution. There were several problems with
this study: (1) All patients received gabexate infusion (see
below)[38] (2) the volume of fluid instilled into the ductal
system was very large (120 mL), considering that 2 mL
is generally sufficient for a pancreatogram. (3) A more
rigorous study is necessary to confirm these findings.
Anti-inflammatory agents
Steroids: The ultimate "shotgun" anti-inflammatory agent,
corticosteroids, have been tested in several trials. Some
workers have postulated that steroids work by stimulating
protease inhibitors such as C1q esterase inhibitor and
trypsin inhibitor, thus causing inhibition of phospholipase
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A2 and suppression of contrast-related reactions. The
early successful findings[39,40] were followed by larger, more
definitive trials which gave negative results[41,42].
Interleukin-10 (IL-10): IL-10 has been shown to reduce
the severity of acute pancreatitis in animal studies[43]. A
European study on 144 patients showed a reduction in
post-therapeutic ERCP pancreatitis which was greater
with a higher dose of 20 mcg/kg given 30 min before
ERCP compared to a lower dose (4 mcg/kg) and placebo.
However, the incidence of pancreatitis in the placebo
group (24%) was higher compared to other studies [44].
A larger trial on 200 patients failed to show any benefit
with IL-10 given in a dose of 8 mcg/kg, 15 min before
ERCP[45].
Some investigators have assessed the effect of adding
T-cell suppressants, such as 5FU, to the contrast material
used during ERCP. 5FU significantly reduced post ERCP
pancreatitis from 10% to 2.5%, and the frequency of
hyperamylasemia. However, it is unclear why a drug which
causes chronic suppression of cell proliferation would act
so quickly[46].
NSAIDs: In a randomized controlled trial on 220 patients,
a 100 mg single rectal dose of the nonselective NSAID,
diclofenac significantly reduced post ERCP pancreatitis
compared to placebo. The protective effect may be related
to the inhibition of phospholipase A2, prostaglandins, or
neutrophil attachment to the endothelium[47]. One criticism
of the study was the lack of response in patients who need
prophylaxis the most-those with suspected sphincter of
Oddi dysfunction. However, it should be noted that the
initial successful outcome in small, single center studies
is often negated in larger multicenter trials[48]. Another
predicament is that many NSAIDS have been implicated in
drug-induced pancreatitis[49]. Interestingly, in a retrospective
study from Denmark, diclofenac had the highest risk of
drug-induced pancreatitis compared to other NSAIDs[50].
Heparin: A prospective study on the risk factors for post
ERCP pancreatitis showed that unfractionated heparin may
be protective, but unlike low molecular weight heparin,
may increase the risk of post sphincterotomy bleeding[51].
In addition, animal models of acute pancreatitis have
shown unfractionated heparin to be anti-inflammatory.
However, a randomized controlled trial showed no
difference in post ERCP pancreatitis between placebo and
certoparin given in DVT-prophylaxis doses, 2 h before and
24 h after ERCP[52].
Anti-oxidants
Allopurinol: It has been postulated that allopurinol by
inhibiting xanthine oxidase reduces damage caused by free
radicals, thus protecting against the development of post
ERCP pancreatitis. In several single center studies, one
of which included 250 patients, allopurinol reduced the
incidence of post ERCP pancreatitis[53,54]. However, yet
again, a larger multicenter trial on 701 patients failed to
show any difference between allopurinol and placebo[55].
N-acetyl cysteine (NAC): Intravenous NAC and
selenium are free radical scavengers, but studies in
the prevention of post ERCP pancreatitis have been
disappointing[56,57].
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Beta-carotene: Two g rams of oral Beta-carotene
reduced the severity, but not the incidence of post ERCP
pancreatitis in one small study[58].
Protease inhibitors
Aprotonin: Aprotinin is a serine protease inhibitor which
inhibits a wide range of proteases including trypsin. It is
a member of the Kunitz family of proteins, now called
bikunins and has been used during coronary artery bypass
surgery as an anti-fibrinolytic agent. In one study, aprotinin
administered intravenously did not prevent post ERCP
pancreatitis[59].
C1-INH: In a pilot study, C1-INH, a potent inhibitor
of the first step in the complement cascade was given
intravenously to 20 patients in a dose of 3000IU 30 min
prior to ERCP. There was a significant reduction in post
ERCP hyperamylasemia in the C1-INH group compared
to the placebo group. This study did not assess the
prevention of post ERCP pancreatitis[60].
Ulinastatin: In an uncontrolled study from Japan,
ulinastatin a protease inhibitor isolated from human
urine was found to show promising results when given as
continuous arterial infusion in severe acute pancreatitis[61].
Another Japanese study on 406 patients found a significant
reduction in post ERCP hyperamylasemia and pancreatitis
in patients administered 150 000U of ulinastatin Ⅳ,
compared to placebo[62].
Gabexate: The story of gabexate, a synthetic protease
inhibitor which can act on trypsin, phospholipase A2,
kallikrein, plasmin, thrombin, and C1 esterase, is a classic
example of the efforts made to prevent post ERCP
pancreatitis. Gabexate was synthesized in 1977 [63] and
was first used as a prophylaxis agent against ERCPinduced pancreatitis in 1982[21]. In some studies, gabexate
administered Ⅳ over 4 h (300 mg) to 12 h (1 gram started
30 min before ERCP) was found to reduce post ERCP
pancreatitis[64,65]. However, other studies failed to confirm
these results but a meta-analysis found gabexate to be
useful when given for at least 6 h[66]. To further muddy
the waters, a subsequent large, multicenter trial on 1127
patients using a 6.5 h infusion period found no difference
between gabexate, somatostatin, and placebo [67], and a
recent large meta-analysis likewise found no benefit of
gabexate[68].
Unfortunately, no pharmacological agent has been
shown to definitively reduce the risk of post ERCP
pancreatitis. Further studies with NSAIDS and 5FU are
needed but are unlikely to be successful.

TECHNIQUES
Several methodological steps can reduce the risk of post
ERCP pancreatitis. These include avoiding pancreatic
injection with contrast, multiple injections, over injection
with acinarisation, precut sphincterotomy and nasobiliary
tube placement. In addition to these obvious precautions,
several other procedural techniques that can be controlled
by the endoscopist have been examined.
First, the use of an aspirating catheter during sphincter
of Oddi manometry; aspiration through the distal port
of the catheter reduces the risk of procedure-induced
www.wjgnet.com
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pancreatitis[69].
Second, the cannulation technique employed can
influence development of post ERCP pancreatitis. A
study on 400 patients, randomized to cannulation by
standard method or with a soft-tipped Teflon guidewire
passed through a 6F double channel sphincterotome
resulted in improved rates of cannulation and reduction in
pancreatitis in the soft-tipped wire group[70].
Third, the role of electrocautery in causing post
ERCP pancreatitis has produced conflicting results. Pure
cut cautery (ValleyLab) at 30 W/s may carry less risk
of post ERCP pancreatitis than blended current, based
on an unblinded but randomized, controlled study [71].
By contrast, a larger Canadian study comparing pure
cutting current vs blended current (blend-2 at 30 W/sec,
both ValleyLab), found no difference between the two.
Incidentally, the pure-cut group had significantly higher
bleeding rates[72]. This led many endoscopists to use purecut current initially then switching to blended current to
complete the sphincterotomy. However, a study on 186
patients with choledocholithiasis randomized to purecut or blended current or pure-cut followed by blended
current, using a Plus Ⅱ electrosurgical generator set at 34
Watts/s, showed that blended current may not be the best
approach. Development of pancreatitis was significantly
less in the pure-cut group (3.2%) compared to the blended
current and mixed modality groups (12.9% each). One
patient in each group (1.6% each) had post sphincterotomy
bleeding [73]. The use of more advanced electrosurgical
devices that alter the current from cut to blend depending
on the resistance experienced (Endocut, Erbe), did not
improve the rate of bleeding or pancreatitis [74,75] . At
present, no definite recommendations can be made on the
type and settings of the electric current.
Fourth, the type of contrast agent used, with few
exceptions, does not have any impact on the post
ERCP pancreatitis [76] . However, many of the studies
were underpowered. A meta-analysis failed to show any
difference in the rate of post ERCP pancreatitis in ionic vs
nonionic contrast agents[77].
Fifth, it has been hypothesized that patient position
after ERCP may facilitate contrast drainage. In a small
and unblinded study published as an abstract, 3 patients
placed in the supine position after ERCP developed post
ERCP pancreatitis, compared to only one patient placed in
the right lateral decubitus position; the difference was not
significant[78].
Sixth, arguably the use of pancreatic stents has had
the greatest success in preventing post ERCP pancreatitis.
The first group of workers (at the University of Indiana)
to assess prophylactic stenting, found no difference in
post ERCP pancreatitis in patients undergoing biliary
sphincterotomy, although a trend was observed in the
length of hospital stay and severity of pancreatitis in favor
of the stented group[79].
Another study from Indiana, this one published in
abstract form, addressed the question of whether patients
whose ERCP resulted in inadvertent or repeated pancreatic
duct cannulation should have a pancreatic stent placed
before a precut biliary sphincterotomy. In a large study
involving 151 patients those who were randomized to
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stent placement (for 7-10 d) had significantly lower rate of
post ERCP pancreatitis (2.2%) compared to patients who
underwent biliary sphincterotomy without a pancreatic
stent (21.2%), and those whose pancreatic stents were
removed soon after biliary sphincterotomy (13.8%)[80].
Other trials have obtained similar results. In a study
on 80 patients undergoing biliary sphincterotomy for
sphincter of Oddi dysfunction because of pancreatic
sphincter hypertension diagnosed by manometry, patients
randomized to pancreatic duct stenting had a dramatically
reduced the rate of post ERCP pancreatitis compared to
the control group (7% vs 26% with a relative risk reduction
of 10.5)[81].
An unblinded but randomized trial of 76 patients
at high risk for post ERCP pancreatitis because of
predisposing factors such as sphincter of Oddi manometry,
sphincterotomy, and prolonged cannulation time (> 30
min), the pancreatic stent group had a significantly lower
incidence of post ERCP pancreatitis compared with
unstented patients (5% vs 28%). Moreover, pancreatitis was
less severe in the stented group[82].
A subsequent meta-analysis of 5 trials found a 3-fold
reduction in post ERCP pancreatitis in patients who had
received prophylactic pancreatic duct stents. The number
needed to prevent one episode of pancreatitis was 10[83].
Although some experts have argued that nasopancreatic
tubes prevent post ERCP pancreatitis as effectively
as stents without the risk of stent-related histological
changes in the pancreatic duct[84,85], a study carried out
by the Milwaukee group on high risk patients (sphincter
of Oddi manometry, excessive papillary manipulation,
difficult sphincterotomy) found no difference in the
incidence of post ERCP pancreatitis or the length of
hospital stay between patients randomized to receive
nasopancreatic tube and the control group. However,
this study was published only in an abstract form, and
the sample size was small (37 patients)[86]. By contrast, a
subsequent retrospective review found the rate of post
ERCP pancreatitis to be similar in patients receiving
nasopancreatic drainage for 24 h compared to pancreatic
stenting, both of which were much lower compared to
controls. This group typically uses nasobiliary drainage
when pancreatic sphincterotomy is the primary procedure,
and employ stents when fur ther pancreatic duct
intervention is planned[87].
It has been suggested that a 3 French infringed stent
should be used as it is associated with a low rate of post
ERCP pancreatitis. In addition, after 14 d, 80% of the
stents dislodge spontaneously, obviating the need for a
repeat endoscopy[88].
Indeed, the greater acceptance of pancreatic stents in
North America compared to Europe and Asia has been
proposed as an explanation for the variability in results in
the post ERCP pancreatitis prevention trials[69].
A recent, large, single center retrospective analysis
found that the quantity of pancreatic duct injection was the
best predictor of development of post ERCP pancreatitis.
The only other independent predictor was sphincter
of Oddi dysfunction. Therapeutic ERCP predicted
the frequency and severity of post ERCP pancreatitis
only in the subgroup in which there was opacification
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of the pancreatic duct to the tail. Interestingly, patients
underg oing pancreatic stenting had a significantly
higher rate of post ERCP pancreatitis, although in the
subgroup undergoing sphincter of Oddi manometry with
opacification to the tail, pancreatic stents did significantly
reduce the rate of post ERCP pancreatitis[3].

CONCLUSION
The only sure way to prevent post ERCP pancreatitis is to
avoid an ERCP. Therefore, careful consideration should be
given to the indications and the risk/benefit ratio before
ERCP is performed. Once the decision to pursue ERCP is
made, the procedure should be carried out with meticulous
care by an experienced endoscopist, and with a minimum
of pancreatic duct opacification. To date, the most
important measure shown to reduce the risk of post ERCP
pancreatitis is the use of pancreatic stents. Pancreatic stents
should be placed in patients at high risk of pancreatitis
such as those undergoing pancreatic sphincterotomy,
pancreatic duct manipulation/intervention, and patients
with suspected sphincter of Oddi dysfunction undergoing
sphincter of Oddi manometry-especially those whose
pancreatic ducts have been inadvertently opacified to
the tail. Pancreatic stents should also be considered in
patients requiring precut sphincterotomy to gain biliary
access. Pancreatic stents should only be placed at a center
experienced in interventional ERCP and by a skilled
endoscopist. If stenting becomes difficult, the additional
manipulation may in some settings outweigh the benefits
reported by advanced centers.
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Abstract
Pain is a common symptom of pancreatic disease and
is frequently difficult to manage. Pain relief provided
by narcotics is often suboptimal and is associated with
significant side effects. An alternative approach to
pain management in pancreatic disease is the use of
celiac plexus block (CPB) or neurolysis (CPN). Originally
performed by anesthesiologists and radiologists via
a posterior approach, recent advances in endoscopic
ultrasonography (EUS) have made this technique an
attractive alternative. EUS guided celiac plexus block/
neurolysis is simple to perform and avoids serious
complications such as paraplegia or pneumothorax that
are associated with the posterior approach. EUS guided
CPN should be considered first line therapy in patients
with pain due to pancreatic cancer. It provides superior
pain control compared to traditional management with
narcotics. A trend for improved survival in pancreatic
cancer patients treated with CPN has been reported,
but larger studies are needed to confirm this finding.
At this time, the use of EUS guided CPB cannot be
recommended as routine therapy for pain in chronic
p a n c re a t i t i s s i n c e o n l y o n e - h a l f o f t h e p a t i e n t s
experience pain reduction and the beneficial effect tends
to be short lived. EUS guided CPB and CPN should be
used as part of a multidisciplinary team approach for
pain management.
© 2007 WJG . All rights reserved.
Key words: Celiac plexus; Celiac plexus neurolysis; Celiac
plexus block; Endoscopic ultrasound; Pain management
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INTRODUCTION
Debilitating pain is ver y common in patients with
pancreatic cancer and chronic pancreatitis. Up to 70%-80%
of patients with pancreatic cancer have pain at the time
of diagnosis, which may increase to 90% as the disease
advances[1,2]. Despite treatment options such as surgery,
radiation and chemotherapy the prognosis remains poor[3,4].
Therefore, an important focus is improving the quality of
life by optimal management of the symptoms[5,6]. However,
despite adherence to the World Health Organization
analgesic ladder consisting of medication titration (i.e.,
progressing from nonsteroidal anti-inflammatory drugs
to narcotics), pain remains difficult to treat and frequently
requires the use of high-dose narcotics. This results in
unwanted side effects related to narcotic use such as
constipation, nausea, vomiting, somnolence, confusion,
and drug dependence and addiction[2,7-11].
The potential causes of pain in pancreatic cancer and
chronic pancreatitis are poorly understood [12]. Possible
etiologies include celiac plexus invasion by tumor
infiltration, pancreatic duct obstruction and distention,
inflammation and ischemia[7-9,13]. Overall, cancer-related
pain is likely multidimensional[14]. This has led to different
approaches to providing pain relief and reduction in drug
dependence, including celiac plexus block and neurolysis.

ANATOMY
The celiac plexus is composed of a right and left ganglion,
located anterolateral to the aorta at the level of the celiac
trunk. In general, the crura of the diaphragm and the L1
vertebral body are located posterior to the celiac plexus,
while the kidneys, adrenals and the inferior vena cava are
present laterally, and the pancreas covers the celiac plexus
anteriorly. However, the location of the celiac plexus in
relation to the celiac trunk is the most reliable landmark,
which is very helpful since the celiac ganglia are not easily
www.wjgnet.com
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Figure 2 Illustration of the position
of the celiac plexus, celiac trunk,
and stomach when performing EUSguided celiac injection.

CA
SMA
Ao

Figure 1 Linear EUS images of the aorta (Ao), celiac axis (CA), and superior
mesenteric artery (SMA).

identified on endoscopic ultrasound (EUS) (Figure 1)[7,8,10,15].
On average, the left and the right ganglion are located
0.9 cm and 0.6 cm inferior to the celiac artery respectively
(Figure 2). Autonomic pancreatic nerves carry visceral
afferent signals to the celiac plexus, and the central
transmission occurs via the splanchnic nerves. Signals
from the splanchnic nerves travel to the T5-T12 dorsal
root ganglia, which are then carried up the spinal cord to
the cerebral cortex[7,8,13,16,17].

OVERVIEW OF CELIAC PLEXUS BLOCK
AND NEUROLYSIS
C e l i a c p l e x u s b l o ck ( C P B ) h a s b e e n u s e d i n t h e
management of pancreatic pain since it was first described
by Kappis in 1914 [7,16-20]. CPB refers to the temporary
inhibition of the celiac plexus often achieved with a
corticosteroid injection in patients with benign pancreatic
diseases like chronic pancreatitis. A local anesthetic such as
bupivacaine is often used in combination with the steroid
injection to provide a more prolonged analgesic effect
compared to the local anesthetic alone[7,8]. Celiac plexus
neurolysis (CPN) refers to the ablation of the plexus, often
achieved with alcohol or phenol administered with a local
anesthetic, such as bupivicaine which is injected first to
prevent pain associated with the alcohol injection. CPN
with alcohol is not routinely used in benign diseases given
the risk of retroperitoneal fibrosis, which would render
any subsequent pancreatic surgery more difficult[8].
Until the recent development of EUS, using curvedar ray linear echoendoscopes and the widespread
availability of cross sectional imaging, CPB/CPN was
limited to anesthesiologists, surgeons and interventional
radiologists who used the posterior approach or employed
intraoperative splanchnicectomy [21]. With the posterior
technique, a needle is introduced posterolateral to the
L1 vertebra alongside the vertebral body, and various
approaches were used including transaortic, retrocrural
and transcrural to reach the celiac plexus[17,23-27]. However,
serious complications occur in 1% patients, including
paraplegia, as a result of the needle entering a spinal
artery or piercing the dura mater, and pneumothorax from
piercing the diaphragm[7,8,18,22,28,29].
These complications have led to the development of an
www.wjgnet.com

anterior approach under the guidance of transcutaneous
ultrasound, computed tomography or EUS (Figure
2)[18,30-32,60]. EUS allows for real-time imaging of the celiac
space for CPB and CPN as well as fine needle aspiration
(FNA) for diagnostic purposes and tumor staging[10,34-38,71].
EUS-guided fine needle injection has been used even in
patients with enternal self-expandable stents[39]. In a small
prospective randomized study on 22 patients, Gress et al
compared EUS-versus CT-guided CPB in the treatment
of chronic pancreatitis pain. Nearly 50% patients who
underwent EUS-guided CPB experienced significant
improvement in pain scores allowing for reduction in the
pain medications, compared with only a 25% reduction in
pain relief in patients who had CT-guided CPB. Also, 40%
and 30% of the EUS-guided CPB patients had continued
benefit at 8 wk and 24 wk, respectively, compared to only
12% of the CT-guided CPB patients at 12 wk. Three
patients failed to experience pain relief with either EUSor CT-guided CPB. These patients were treated surgically
with partial pancreatectomy, but failed to experience any
pain improvement[19].
Although no serious complications were observed
with either technique, EUS was preferred by patients who
had experienced both procedures. This was attributed to
the lack of any back discomfort associated with the CTguided approach, as well as superior sedation with EUS.
Moreover, EUS was found to be more cost effective[19].
Overall, both these procedures which utilize the anterior
approach appear to provide greater benefit, given the
decreased risk of any major neurologic complications.
However, the anterior approach is also associated some
serious complications including retroperitoneal abscess
formation[40].

CPN FOR PANCREATIC CANCER PAIN
Most of the current experience with CPN has been
obtained in the management of pancreatic cancer pain.
Given the overall poor outcome of pancreatic cancer,
one of the main goals of treatment is palliation. Pain
in pancreatic cancer occurs frequently and can be very
frustrating both for the patient and the physician. High
dose narcotics are often unsatisfactory because of the
impact on the quality of life due to their adverse effects.
Therefore, one of the goals of CPN is to improve the
quality of life in these patients through superior pain
control. Eisenberg et al published a meta-analysis of 24
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published articles (21 retrospective, 1 prospective and
2 randomized controlled trials) involving 1145 patients
treated with percutaneous CPN for cancer pain. The
majority (68%) of the percutaneous CPN procedures
were performed radiologically, with the bilateral posterior
approach being the most common. The type of cancer
was reported in 1117 of the 1145 patients, and 63%
were pancreatic cancer. After the first 2 wk, 89% patients
reported good to excellent pain relief, with partial to
complete pain relief being maintained in 90% patients at
3 mo, and in 70%-90% beyond 3 mo. It was noted that
patients with pancreatic cancer had a similar response to
treatment with CPN as patients with other intraabdominal
malignancies. However, several severe side effects were
reported, which included neurologic complications
(1%), such as lower extremity weakness and parasthesia,
and nonneurologic complications (1%) such as a
pneumothorax[22].
Other studies have compared CPN with analgesics
in patients with pancreatic cancer. In 1993, Mercadante
evaluated 20 patients with pancreatic cancer and compared
CPN plus analgesics versus analgesics alone. CPN use
was associated with lower opioid consumption and better
pain control. In the group treated with analgesics alone,
pain control required higher opioid consumption and had
more drug-related adverse effects[41]. In 2003, Mercadante
et al reported a multicenter study on 22 patients with
pancreatic cancer who underwent CPN and were followed
until death. The therapeutic effects of CPN lasted for 4-5
wk post procedure, and although improved analgesia was
attributed to CPN over the 4-5 wk period, narcotic use
increased as the disease progressed. None of the variables
examined (such as age, gender, initial cancer site, sites of
pain, peritoneal involvement or technique) influenced the
effect of CPN[42].
A study by Kawamata et al in 1995 compared CPN
(percutaneous posterior approach with x-ray guidance)
with narcotics in 21 patients with pancreatic cancer pain.
There was significantly superior pain control in the CPN
group during the first 4 wk compared with patients
who received analgesia alone. Moreover, morphine
consumption was significantly lower in the CPN treated
patients, and continued to remain so in weeks 4-7. After
7 wk, although morphine consumption continued to be
lower in the CPN group, the difference was not significant.
Both groups achieved satisfactory pain relief, but given
the lower narcotic consumption, CPN use was associated
with less deterioration in the quality of life secondary
to narcotic side effects[43]. These findings are consistent
with the results of a randomized, double-blind study by
Polati et al that looked at CPN (posterior approach under
fluoroscopy) versus analgesic therapy in 24 patients with
pancreatic cancer pain. Findings of immediate pain relief
and decrease in the mean consumption of analgesics were
seen in the CPN group leading to reduction in medicationinduced adverse effects. Also, CPN combined with drug
therapy led to complete pain relief until death in 75% of
the patients compared with 58% of patients treated with
analgesics alone[44].
Several studies have assessed the impact of CPN on
the quality of life and life expectancy in pancreatic cancer.
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Lillemoe et al in 1993 in a double-blind randomized study
on 139 patients with unresectable pancreatic cancer,
compared surgical splanchnicectomy with 50% alcohol in
saline (65 patients) with sham saline block (72 patients).
Pain relief was significantly superior at 2, 4 and 6 mo in
the CPN group compared with placebo. More importantly,
patients who received alcohol injection showed significant
improvement in survival compared with the controls (P
< 0.0001)[45]. In 2001, Staats et al used the data from the
Lillemoe et al study to explore the effects of negative
mood state on pain status and longevity. Data obtained
from 130 patients showed that higher pain intensity was
associated with greater interference with patient activity
and higher negative mood state. When compared with
the placebo group, the CPN group had less pain, better
mood state, reduced interference with daily activity, and an
overall increase in life expectancy. Possible explanations for
the improvement in longevity include improvement in the
immune system because of superior control of pain and
depression, increased ambulation secondary to reduction
in pain leading to fewer complications such as DVTs and
pulmonary emboli, and better compliance and adherence
to palliative treatment[46]. In another study, celiac ganglion
destruction in patients with advanced pancreatic cancer
was found to improve immunity at the cellular level[47].
However, other studies have not shown improvement
in quality of life and life expectancy. Wong et al in a
randomized controlled trial examined the effect of CPN
(posterior approach under fluoroscopic guidance) on
pain relief, survival and quality of life in patients with
unresectable pancreatic cancer. Data from the 100 patients
showed that CPN provided better pain relief, but had no
effect on opioid consumption or quality of life. A trend
towards improved survival was seen in the CPN group,
but did not reach statistical significance[48]. Yan et al in 2007
included this data in a meta-analysis of five randomized
controlled trials on the effect of CPN in pain control in
unresectable pancreatic cancer. CPN use was associated
with a significant reduction in pain intensity and narcotic
use, however, survival was not impacted. The effect on
quality of life could not be adequately analyzed because
of the differences in the outcome scales in the studies.
Also of note, constipation improved with reduced narcotic
usage, but other narcotic-related side effects like nausea,
vomiting and lethargy did not improve[49]. These findings
are in conflict with some previous nonrandomized studies
that showed an overall improvement in the quality of life
and survival[46].
Patient selection appears to be an important factor in
pain reduction by CPN in pancreatic cancer patients. It has
been observed that patients with pancreatic head tumors
are more likely to achieve pain reduction from CPN than
patients with tumors in the pancreatic body or tail. This
seems intuitive since most patients with tumors in their
pancreatic body and tail are diagnosed in more advanced
stages[50]. However, other studies have not confirmed this
observation[42].
Another factor that may improve pain scores post CPN
is needle position. De Cicco et al in 1997 studied the effects
of needle position with CPN via an anterior approach
using computed tomography needle guidance. All patients
www.wjgnet.com
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Figure 3 EUS image of the needle (double arrows) located at the celiac plexus in
relation to the celiac axis (CA) and aorta (Ao).

had normal celiac area anatomy. It was observed that the
needle position cephalad to the celiac artery achieved wider
distribution of neurolysis, and therefore longer lasting pain
control[51].This finding is consistent with the observation
in EUS CPN or CPB where the injection is given into the
cephalad area of the celiac trunk (Figure 3).
Even though all these studies have shown reduction
in pain with CPN in patients with pancreatic cancer,
the majority have used the posterior approach for
CPN. Although, the posterior approach is usually well
tolerated, 1% of patients develop serious complications
such as lower extremity weakness, paresthesias or
pneumothorax [18,20,22,28,29]. These complications can be
avoided by using EUS, which allows direct access to the
celiac plexus.
EUS has been shown to be an effective method for
providing pain control in pancreatic cancer patients.
Wiersema in 1996 studied EUS-guided CPN in 30 patients
with intraabdominal malignancy (25 with pancreatic
cancer). Improvement in pain at 2, 4, 8 and 12 wk post
CPN was noted in 79%-88% of patients [52]. In 2001,
Gunaratnam et al reported 58 patients with unresectable
pancreatic cancer who underwent EUS-guided CPN; the
patients were followed for 6 mo. CPN reduced pain in 78%
patients, however, narcotic usage did not alter significantly.
After CPN, 14% patients received chemotherapy with
gemcitabine alone, while 17% received chemotherapy
(5-fluorouracil) plus radiation within 3 wk of CPN.
Patients who received adjuvant therapy along with CPN
had superior pain reduction compared with patients who
did not receive adjuvant therapy[20]. These results are in
conflict with the findings by Wiersema et al[52] who showed
no pain reduction with chemotherapy and/or radiation.
It has been reported in several studies that EUS-guided
CPN should be considered early in pancreatic cancer. Pain
in pancreatic cancer is more visceral in nature earlier in
the disease process. As the cancer progresses and more
advanced tumor infiltration occurs, the pain becomes
multifactorial involving somatic and neuropathic pathways
along with other visceral pathways besides the celiac
plexus[19,43,48,53]. However, a study published by de Oliveira
et al in 2004 showed no difference in pain reduction in
early versus late neurolytic plexus block in 25 patients with
intraabdominal cancer. Patients that achieved early and
late neurolytic plexus block had a significant reduction in
www.wjgnet.com
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their pain, improved quality of life and decreased narcotic
consumption[1]. Therefore, even though pain reduction
can still occur with late neurolytic plexus block, the earlier
that the neurolytic block occurs, the better off the patient
because of fewer adverse effects secondary to reduction in
narcotic consumption.
Overall, EUS-guided CPN is a safe and effective
procedure in providing palliative care in patients with
pancreatic cancer. Besides utilizing the anterior approach
and avoiding the diaphragm as well as the spinal arteries
and nerves, EUS is able to utilize continuous, real-time
imaging for direct access to the celiac plexus, and in
addition provides FNA sampling and tumor staging[10,34-38].
EUS-guided CPN should be considered as an adjuvant
therapy in the management of pain in all patients with
pancreatic cancer.

CPB FOR CHRONIC PANCREATITIS PAIN
Pain in chronic pancreatitis likely has similar pathways
as pancreatic cancer pain and a visceral component is
definitely present as CPB has been successfully used to
reduce pain in chronic pancreatitis. However, the role
of CPB in the treatment of pancreatitis pain is more
controversial compared with pancreatic cancer pain [15].
It has been suggested that in chronic pancreatitis, EUS
CPB should be limited to patients whose pain has not
responded to other modalities or for the treatment of
flares of chronic pain[54-56]. Some authors have advocated
surgical bypass or resection as the primary treatment
of pain in chronic pancreatitis [57]. Leung et al in 1983
compared percutaneous neurolysis in pancreatitis and
pancreatic cancer and observed that 84.6% (11 out of
13) patients with pancreatic cancer had complete pain
relief initially, while only 52% (12 of 23) patients with
pancreatitis had initial complete pain relief. Patients with
chronic pancreatitis remained pain free for a mean of 2
mo, while 53.8% of the patients with pancreatic cancer
remained pain free until death[58]. As with the use of CPN
in pancreatic cancer pain, some studies have advocated
CPB early in the management of pain in pancreatitis,
especially before the patient becomes dependent on
narcotics[59].
One of the first studies on EUS-guided CPB in
pancreatitis management was reported by Faigel et al in
1996. These workers reported a patient with chronic
pancreatitis who was treated with EUS and fluoroscopic
injection of a bupivacaine and epinephrine mixture. The
patient obtained initial pain relief which returned to the
baseline state shortly after the injection[60].
Gress et al in 2001 reported 90 patients with chronic
pancreatitis pain who had failed previous treatments. All
patients underwent EUS-guided CPB; pain reduction was
achieved in 55% patients at a mean follow-up of 8 wk,
while 10% experienced persistent benefit at 24 wk. It was
observed that patients younger than 45 years and those
with a prior history of surgery for chronic pancreatitis
were less likely to respond to CBD. There was no
correlation between the response to CPB and the etiology
of pancreatitis[61].
Basinski et al in 2005 compared celiac plexus block with
videothoracoscopic splanchnicectomy (VSPL) with respect

Michaels AJ et al. EUS guided CPN and CPB

to pain relief and quality of life in patients with chronic
pancreatitis. Both procedures had a positive effect with
reduction in pain medications and improvement in fatigue
and emotional well-being. Celiac plexus block was superior
in terms of social support compared with VSPL[62]. Like
CPN, VSPL has also been shown to improve the quality of
life and reduce pain in patients with inoperable pancreatic
cancer[63].

EUS BENEFITS AND COMPLICATIONS
As with CPN in the treatment of pain in pancreatic
cancer, CPB is just one of several effective treatments
in pancreatitis pain. EUS-guided CPB and CPN appear
to be as effective and safe as other techniques, while
being more cost effective since biopsy, FNA and staging
can be obtained at the same sitting. Transient diarrhea,
pain and hypotension are the common complications
associated with EUS-guided CPB and CPN. Transient
diarrhea and hypotension have been reported in 44%
and 38%, respectively, in patients undergoing CPN,
given the unopposed parasympathetic activity [13,15,22,64].
However, severe chronic diarrhea has also been reported
post CPB[65,66]; potential treatments include intravenous
atropine and octreotide [67,68]. Transient hypotension is
minimized by infusion of normal saline while the patient
is recovering from conscious sedation[33]. Transient pain
has been reported, but in the Gunaratnam et al[20] study
only 9% of patients experienced an increase in the pain,
which lasted 48 h. Gastroparesis has also been reported
as a rare complication of CPB[69]. The anterior approach
utilized by EUS reduces the risk of major complications
such as paraplegia, but other serious complications such
as retroperitoneal hemorrhage and peripancreatic abscess
formation have been reported [70]. The risk of abscess
formation has led to the recommendations of antibiotic
coverage prior to EUS CPB, but its use remains operator
dependent. Antibiotics are not routinely required in CPN
as the bactericidal effects of alcohol appear to be adequate.
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CONCLUSION
EUS guided CPB and CPN are valuable tools for pain
management in patients with pancreatic pain. EUS-guided
CPN should be considered as first line therapy in patients
with pain due to pancreatic cancer. It provides superior
pain control compared to the traditional management
with narcotics. A trend for improved survival in pancreatic
cancer patients treated with CPN has been reported,
but larger studies are required to confirm this finding.
At this time, the use of EUS-guided CPB cannot be
recommended as routine therapy for pain in patients
with chronic pancreatitis. Only one-half of the patients
experience pain reduction and the beneficial effect tends
to be short lived. EUS-guided CPB and CPN should be
used as part of a multidisciplinary team approach for pain
management.
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Abstract
AIM: To investigate the effect of compound Danshen
injection on lipopolysaccharide (LPS)-induced rat
mesenteric microcirculatory dysfunctions and the
underlying possible mechanism by an inverted intravital
microscope and high-speed video camera system.
METHODS: LPS was continuously infused through the
jugular artery of male Wistar rats at the dose of 2 mg/kg
per hour. Changes in mesenteric microcirculation, such
as diameters of arterioles and venules, velocity of RBCs
in venules, leukocyte rolling, adhesion and emigration,
free radicals released from post-capillary venules, FITCalbumin leakage and mast cell degranulation, were
observed through an inverted intravital microscope
assisted with CCD camera and SIT camera. Meanwhile,
the expression of adhesion molecules CD11b/CD18 and
the production of free radical in neutrophils, and the
expression of intercellular adhesion molecule 1 (ICAM-1)
in human umbilical vein endothelial cells (HUVECs) were
quantified by flow cytometry (FACS) in vitro .
RESULTS: The continuous infusion with LPS resulted
in a number of responses in microcirculation, including
a significant increase in the positive region of venule

stained with Monastral blue B, rolling and adhesion of
leukocytes, production of oxygen radical in venular wall,
albumin efflux and enhanced mast cell degranulation
in vivo , all of which, except for the leukocyte rolling,
were attenuated by the treatment with compound
Danshen injection. Experiments performed in vitro
further revealed that the expression of CD11b/CD18 and
the production of oxygen free radical in neutrophils, and
the expression of ICAM-1 in HUVECs were increased
by exposure to LPS, and they were attenuated by
compound Danshen injection.
CONCLUSION: These results suggest that compound
Danshen injection is an efficient drug with multi-targeting
potential for improving the microcirculatory disturbance.
© 2007 WJG . All rights reserved.
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INTRODUCTION
It is now well-recognized that stimulation with lipopolysaccharide (LPS) leads to a number of responses in
microcirculation, such as endothelial cell damage,
an increase in rolling, adhesion and emigration of
leukocytes in post-capillary venules, enhanced oxygenfree radical production, mast cell degranulation and
protein efflux[1-6]. Furthermore, it is demonstrated that
LPS stimulation evokes an increase in the expression
of adhesion molecules, including L-selectin [7] and
CD11b/CD18 in leukocytes, E-selectin and intercellular
adhesion molecule 1 (ICAM-1) in endothelial cells[7-13]. In
addition, LPS stimulation can cause the release of proinflammatory mediators and vasoactive substances, such
www.wjgnet.com
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Figure 1 LC-MS chromatograms of compound Danshen
injection sample (A) and MS
total ion current chromatograms
of compound Danshen injection
sample (B). The common peaks
in panel A represent Danshensu
(peak 1), protocatechu aldehyde
(peak 2), salvianolic acid I or
H (peak 3), salvianolic acid I
or H (peak 4), salvianolic acid
D (peak 5), salvianolic acid
G (peak 6), salvianolic acid E
(peak 7), rosmarinic acid (peak
8), lithospermic acid (peak 9),
salvianolic acid B (peak 10),
salvianolic acid A (peak 11) and
isosalvianolic acid C (peak 12).
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as tumor necrosis factor-alpha (TNF-α) and histamine,
with the mast cell degranulation [14]. Therefore, many
investigators have made much effort to abolish or reduce
the LPS-elicited injury. For instance, it was reported that
application of antibodies against adhesion molecules could
inhibit LPS-induced leukocyte adhesion to post-capillary
venules[15]. However, there are few in vivo studies about any
treatment which attenuates microcirculatory disturbance via
both scavenging the oxygen-free radicals and reducing the
adhesion between leukocytes and vascular endothelium.
Compound Danshen injection is made from the
aqueous extracts of Danshen (Salvia miltiorrhiza),
and it has been clinically used for treatment of various
vascular diseases in China. There are twelve ingredients
in compound Danshen injection (Figure 1), which are
3, 4-dihydroxy-phenyl lactic acid (DLA), protocatechu
aldehyde (Pal), salvianolic acid I (SalI), salvianolic acid
H (SalH), salvianolic acid D (SalD), salvianolic acid
G (SalG), salvianolic acid E (SalE), rosmarinic acid
(RA), lithospermic acid (LsA), salvianolic acid B (SalB),
salvianolic acid A (SalA), and isosalvianolic acid C (ISalC).
It is thus interesting to know the physiological actions of
this medicine, especially at molecular level. Several lines
of data have accumulated so far in this field. To mention
a few, for example, pretreatment with Cardiotonic Pills
(CP, the major ingredients of which are DLA and SalB)
attenuated the gut ischemia/reperfusion-induced leukocyte
adhesion in the liver sinusoids and plasma TNF-α and
endotoxin [16], and diminished the thrombi induced by
photochemical stimulation in rat mesenteric venules, as
demonstrated in our previous study[17]. CP was reported
to inhibit the expression of ICAM-1 and vascular cell
www.wjgnet.com
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adhesion molecule 1 (VCAM-1) in endothelial cells [18].
Aqueous extract of Danshen has been shown to inhibit
the expression of ICAM-1 and this effect may be due to its
capacity to block the activation of nuclear factor kappa-B
(NF- κ B) of endothelial cells [19,20]. DLA and SalB were
also shown to inhibit TNF-α-induced NF-κB secretion
in human umbilical vein endothelial cells (HUVECs)[20].
Kim et al[21] revealed that Danshen water-soluble extract
abrogated the LPS-induced NF-κB signaling pathway by
targeting the I-κB-α kinase (IKK) complex in intestinal
epithelial cells. Aqueous extract of Danshen was also
found to reduce the oxidative stress in endothelial cell[22]
and lipid peroxidation in hepatocytes and hepatic stellate
cells[23]. DLA can effectively scavenge superoxide anion
generated from the xanthin-xanthin oxidase system
and protect the myocardial mitochondria from lipid
peroxidation[24].
H owe ve r, l i t t l e i s k n ow n a b o u t t h e a c tion of
compound Danshen injection on leukocyte-endothelial
cell interaction during endotoxin-induced microcirculatory
disturbances in vivo. Therefore, in the present study, an
LPS-induced rat mesentery microcirculatory disturbance
model was used and an inverted intravital microscope
assisted with the CCD camera, SIT camera, high-speed
video camera system was utilized, in attempt to explore
the dynamics of microcirculation alterations occurred
in vivo and the inherent mechanism. The parameters
examined in vivo included the diameters of arterioles and
venules, velocity of RBCs in venules, leukocyte rolling,
adhesion and emigration, free radicals released from postcapillary venules, FITC-albumin leakage and mast cell
degranulation. Meanwhile, the expression of adhesion
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molecules CD11b/CD18 and production of free radical in
neutrophils, and expression of ICAM-1 in HUVEC were
quantified by flow cytometry (FACS) in vitro.

Chemicals
Dihydrorhodamine 123 (DHR) was obtained from
Molecular Probes Ltd. (Eugene, OR, USA). FITC-albumin,
monastral blue B (MBB), lipopolysaccharide (LPS, O55:
B5), toluidine blue were obtained from Sigma Chemical
Co. (St Louis, MO, USA). FITC-labeled anti-CD11b,
FITC-labeled anti-CD18 antibodies, FITC-labeled mouse
IgG κ and FITC-labeled mouse IgA1 were purchased
from BD Biosciences Pharmingen (USA). Haemolysin
was purchased from BD Biosciences Immunocytometer
Systems (USA).
Compound Danshen injection ample was obtained
from Shanghai First Pharmaceutical Co. (Shanghai, China).
For determination of phenolic acids, 1 mL of compound
Danshen injection sample was directly diluted to 4 mL
with deionized water, and the resulting solution was filtered
through a membrane (0.45 μm pore size) and then injected
into HPLC. The analyses were performed using an Agilent
series 1100 HPLC system (Agilent, Waldronn, Germany).
In order to identify the structures of main constituents in
compound Danshen injection, the sample was analyzed
by HPLC-MS techniques [24]. Twelve common peaks in
compound Danshen injection were designated (Figure 1),
on which twelve different phenolic acids were identified
and presented (Figure 2). One milliliter of compound
Danshen injection contains 3.25 mg of DLA, 0.51 mg of
Pal, 0.30 mg of RA, 0.17 mg of LsA, 0.15 mg of SalB and
0.08 mg of SalA.
Animal preparation
All studies were approved by and all animals were handled
according to the guidelines of the Keio University Animal
Research Committee. Male Wistar rats, weighing 200-250 g,
(Saitama Experimental Animals Supply Co. Ltd, Saitama,
Japan) were fasted for 12 h before the experiment, allowing
for free access to water.
Surgical procedure in the present study was almost same
as our previous study[25]. Briefly, rats were anesthetized and
the right jugular vein and artery were cannulated for the
infusion of compound Danshen injection or LPS. After
abdomen was opened, ileocecal portion of the mesentery
was gently mounted on a transparent plastic stage designed
for the rat. Microcirculation hemodynamics in the
mesentery was observed by a transillumination method
using an inverted microscope (Diaphot TMD-2S; Nikon,
Tokyo, Japan). The mesentery was transilluminated with a
12-V, 100-W, direct current-stabilized light source. Video
images were recorded with a video-cassette recorder[25].
Single unbranched venules with diameters ranging between
25 and 40 μ m and length longer than 200 μ m were
selected for study.
Administration of endotoxin and compound Danshen
injection
In the control group, physiological saline (6 mL/kg
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Figure 2 Time course of changes in velocity of RBCs in venules in different
groups. Control: Control group; LPS: LPS group; LPS + Danshen: LPS plus
compound Danshen injection group. Data are mean ± SD from 6 rats. aP < 0.05 vs
0 min; cP < 0.05 vs LPS group.

body weight per hour) was continuously infused through
the jugular vein. In the LPS group, LPS in saline was
continuously infused through the jugular artery at the
dose of 2 mg/kg body weight per hour. In the LPS plus
compound Danshen injection group, compound Danshen
injection was diluted 5-fold with physiological saline and
infused by the jugular vein (6 mL/kg body weight per
hour), which started 10 min before the LPS infusion.
Measurement of microvascular parameters
The diameters of mesenteric arterioles or venules were
determined using a video measuring gauge (IV-560; Hoei,
Tokyo, Japan).
The velocity of RBCs in the venule was recorded at
a rate of 1000 frames/s using a high-speed video camera
system (Ektapro 1000; Kodak, San Diego, CA, USA), and
the recordings were replayed at a rate of 30 frames/s from
the high-speed stored images. RBC velocity in the venule
was measured with a temporal correlation velocimeter
(CapiFlow, Kista, Sweden)[25].
Monastral Blue B (MBB) solution (0.1 mL/100 g
of body weight) was administered via the jugular vein
immediately before the starting of LPS infusion. The
microvascular images of the mesentery were recorded with
the video recording system (CC-090; Flovel, Tokyo, Japan).
The length of microvascular wall stained with MBB was
traced using the stored microcirculatory images in the
video tape and estimated as MBB-positive length along a
200-μm long segment of venule[5].
The number of leukocytes that were rolling, adherent
and emigrated was determined off-line during playback of videotaped images. The rolling leukocytes were
defined as those that could be seen moving within a small
(200 μm in length) viewing area of the vessel for 10 s
with the same area used throughout the experiment. The
adherent leukocytes to the venule walls were identified
as cells that attached to the same site for more than 30 s
judging from the replayed video images. The number of
adherent leukocytes was counted along venules (25-40 μm
in diameter, 200 μm in length) randomly selected from the
www.wjgnet.com
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videotape images recorded and expressed as the number
per 200 μm of venule length[25]. Leukocyte emigration was
quantified as the number of leukocytes per field of view
surrounding the venule.
To evaluate the albumin leakage across mesenteric
venules, the animals were intravenously injected with
50 mg/kg of FITC-labeled bovine serum albumin 10
min before each experiment, as described previously[25].
Fluorescence intensity of FITC-albumin on the venular
wall (excitation 420 to 490 nm; emission 520 nm) was
determined using a silicon-intensified target camera
(C-2400-08; Hamamatsu Photonics, Hamamatsu, Japan),
and measured with an image processor[25].
In an other set of experiments, the oxidant-sensitive
fluorescent probe dihydrorhodamine 123 (DHR; Molecular
probes) was added to the mesenteric superfusate (10
μmol/L) to assess the oxidant stress in venular walls, as
described previously[25]. DHR fluorescence intensity on the
venular wall was observed and estimated with an image
processor[25].
Mast cells were identified by vital staining with topical
application of 0.1% toluidine blue to the mesentery at 60
min after the LPS infusion. The numbers of both nondegranulated mast cells and degranulated mast cells were
scored from the CCD video images, and the ratio of the
number of degranulated mast cells to the total number of
mast cells was calculated and expressed as the degranulated
mast cell ratio[25].
Electron microscopy
The mesentery in each experiment condition was also
prepared for electron microscopy. Briefly, the animals
were divided randomly into 3 groups, 3 rats each, and
continuously infused for 60 min with physiological
saline, LPS or LPS plus compound Danshen injection,
respectively. Immediately after infusion, the rats,
maintained under deep anesthesia, underwent perfusion
through the left ventricle with physiological saline
followed by 120 mL of phosphate-buffered 40 g/L
paraformaldehyde plus 20 g/L glutaraldehyde at a speed
of 3 mL/min. The mesentery tissues were then removed,
localized and further fixed by immersion in phosphatebuffered 30 g/L glutaraldehyde for 1 h. The tissues were
routinely processed for transmission electron microscopy
and examined in JEM 1230 (JEOL, Japan).
Determination of expression of adhesion molecules CD11b
and CD18 in neutrophils
Blood was taken from the abdominal aorta of normal
rats and anticoagulated with heparin. In control group
(n = 6), no LPS or drugs were added. In LPS group (n
= 6), the samples were treated with LPS (2 μg/mL). In
the compound Danshen injection-treated group (n = 6),
both LPS (2 μg/mL) and compound Danshen injection
were added to 200 μ L blood, the final concentration
of the latter was either 20 μ L/mL or 30 μ L/mL. All
the preparations were maintained at 37℃ for 2 h, and
afterward incubated with FITC-labeled anti-CD11b (5
μg/mL), FITC-labeled anti-CD18 (5 μg/mL) antibodies
or corresponding FITC-labeled mouse isotype (5 μg/mL)
for 20 min at room temperature. The erythrocyte lysis
www.wjgnet.com

July 14, 2007

Volume 13

  Number 26

was accomplished using haemolysin according to the
manufacturer's instruction, and the cells were washed twice
with PBS. The mean fluorescence intensity was accessed
with flow-cytometry (FACS Calibur; BD Company, USA).
Neutrophils were then sorted by characteristic forward-/
side-scatter expression as reported previously [26]. Five
thousands of neutrophils were evaluated for each sample.
Detection of production of oxygen-free radical in neutrophils
In a separated group of rats, blood samples were taken
from the abdominal aorta and anticoagulated with heparin.
Neutrophils were isolated using Mono-poly resolving
medium following the manufacturer's instruction, and
suspended in RPMI 1640 medium. Cells were preloaded
with 25 μmol/L dihydrorhodamine 123 (DHR) at 37℃
for 20 min. The DHR passively diffuses across the cell
membranes, where it is oxidized to cationic rhodamine
123 and localizes in the mitochondria. After labeling, the
cells were treated with both compound Danshen injection
(0.2 μL/mL, 0.5 μL/mL and 1.0 μL/mL, respectively)
and LPS (2 μg/mL) for 20 min on ice, the production of
hydrogen peroxide was then determined by flow cytometry
by measuring emission at 590 nm for DHR[27].
Determination of expression of adhesion molecule ICAM-1
in HUVECs
Human umbilical vein endothelium cells (HUVECs) were
provided by Cascade Company, and 3 passages were used.
The confluent monolayer of HUVECs was incubated
with 5 μL/mL, 10 μL/mL or 20 μL/mL of compound
Danshen injection for 4 h, followed by addition of LPS
(0.1 μg/mL) and incubation for further 12 h. Afterwards,
HUVECs were digested and collected, and incubated
with PE-labeled antibody against ICAM-1. The mean
fluorescence intensity was accessed by flow cytometry
(FACS Calibur; BD Company, USA).
Statistical analysis
The data were analyzed by one-way ANOVA and Fisher's
post test. All values were expressed as mean ± SD of
values from 6 rats. P < 0.05 was considered statistically
significant.

RESULTS
Changes in vascular diameter and velocity of RBC in
venules
No significant alteration was observed in the diameter of
either arterioles or venules in mesenteric microcirculation
during 60 min of LPS infusion, and the situation remained
unchanged by continuous treatment with compound
Danshen injection (data was not shown).
The examination of velocity of RBCs in venules
revealed that there was no significant difference among
the groups prior to LPS infusion. LPS infusion gave rise
to a significant decrease in the velocity of RBCs in venules
from 40 min to 60 min of LPS infusion than that at 0 min.
Continuous treatment with compound Danshen injection
significantly attenuated the LPS-induced decrease in the
velocity of RBCs in venules (Figure 2).
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Figure 3 Location of MBB staining of venular wall after LPS infusion (A). a: before LPS infusion; b: 20 min after LPS infusion; c: 60 min after LPS infusion. Numerous MBB
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group.
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Figure 4 Time course of changes in the number of rolling leukocytes along venular wall (A) and leukocytes adherent to venular wall (B) in different groups. The number of
rolling leukocytes or leukocytes adherent was expressed as the number of cells per 200 μm of venules. Control: Control group; LPS: LPS group; LPS + Danshen: LPS plus
compound Danshen injection group. Data are mean ± SD from 6 rats. aP < 0.05 vs 0 min.

Changes in MBB-positive areas along the venules
No MBB staining was observed in venular wall before LPS
infusion (Figure 3Aa). After LPS infusion, numerous MBB
staining areas were detected in venular wall at 20 min and
60 min (Figure 3Ab and Ac). The time course of changes
in the length of venular wall stained with MBB is shown
in Figure 3B. It was found that LPS infusion resulted in a
progressive increase in the length of venular wall stained
with MBB, starting from 10 min and keeping increase until
60 min of LPS infusion. These MBB-positive reactions
along the venules were markedly suppressed by the
continuous treatment with compound Danshen injection.

Changes in the number of rolling leukocytes along venular
walls and leukocytes adherent to venular walls
The result concerning the time course of changes in
the number of rolling leukocytes along venular walls is
summarized in Figure 4A. At baseline, the number of
rolling leukocytes along venular wall of 200 μm in length
was less than 5 per 10 s, and no apparent difference
among the control group, LPS group, and LPS plus
compound Danshen injection group could be detected.
The number of rolling leukocytes along venular walls was
significantly increased from 10 min to 20 min after LPS
infusion. A similar alteration was observed in the LPS plus
www.wjgnet.com
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Figure 5 A: Representative images of the changes in fluorescence intensity of the H2O2-sensitive probe DHR in the rat mesentery venular wall of LPS group (top) and LPS
plus compound Danshen injection group (bottom) at 0 min (a and c) and 60 min (b and d) after LPS infusion. The DHR fluorescence on the venular wall was diminished by
treatment with compound Danshen injection at 60 min (d) after LPS infusion; B: Time course of changes in DHR fluorescence ratio on the venular walls in different groups.
Control: Control group; LPS: LPS group; LPS + Danshen: LPS plus compound Danshen injection group. Data are mean ± SD from 6 rats. aP < 0.05 vs 0 min; cP < 0.05 vs
LPS group.

compound Danshen group without significant difference
in comparison with LPS exposure alone.
T he time course of chang es in the number of
leukocytes adherent to venular wall was examined and the
result is depicted in Figure 4B. Obviously, the increase in
the number of leukocytes adherent to venules initiated
from 10 min after LPS infusion and remained until 60 min
of LPS infusion. On the other hand, continuous treatment
with compound Danshen injection caused a profound
attenuation in leukocyte adhesion in venules induced by
LPS infusion.
Changes in the number of leukocytes emigrated from
venule
The number of leukocytes emigrated from venules was
evaluated. No leukocyte emigration was detected in the
control group in so far as the areas examined. However,
after 40 min of LPS infusion, the emigrated leukocytes,
although of a small number, could be obser ved. By
contrast, in the LPS infusion plus compound Danshen
injection group, few, if any, of leukocytes could be found
emigrated from venules (data not shown).
Changes in intensity of DHR fluorescence in the venular
walls
An experiment was carried out to determine the effect
of treatment with compound Danshen injection on the
fluorescence intensity of the H2O2-sensitive probe DHR
www.wjgnet.com

in rat mesentery venular walls challenged by LPS (Figure
5A). Before LPS infusion (0 min), no detectable DHR
florescence was observed in either LPS group (Figure 5Aa)
or LPS plus compound Danshen injection group (Figure
5Ac). The fluorescence-stained venular wall was observed
at 60 min after LPS infusion (Figure 5Ab). Treatment
with compound Danshen injection, apparently attenuated
the LPS-induced DHR fluorescence on the venular walls
(Figure 5Ad).
The time course of changes in DHR fluorescence
ratio on venular walls is presented in Figure 5B. Here
the fluorescence ratio is defined as the ratio of the
fluorescence intensity of a time point of LPS infusion to
the baseline fluorescence intensity. The result demonstrated
that DHR fluorescence ratio on the venular wall had no
significant change in control group throughout the period
of observation as compared with the baseline. On the
contrary, the intensity of DHR fluorescence significantly
increased in the LPS infusion group from 20 min and this
tendency persisted till 60 min of LPS infusion. Continuous
treatment with compound Danshen injection caused a
significant attenuation in the increased DHR fluorescence
induced by LPS infusion.
Changes in albumin leakage
The albumin leakage from the rat mesentery venular
walls in the LPS group and LPS plus compound Danshen
injection group was evaluated at baseline (0 min) and 60
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Figure 6 A: Representative fluorescence images of albumin leakage in rat mesentery venule of LPS group (top) and LPS plus compound Danshen injection group (bottom)
at 0 min (a and c) and 60 min (b and d) after LPS infusion. No detectable albumin leakage was found before LPS infusion (a and c). The albumin leakage from venule
was observed after 60 min of LPS stimulation (b).This LPS-elicited albumin leakage was blunted by the treatment with compound Danshen injection (d); B: Time course of
changes in albumin leakage from venules in different groups. Control: Control group; LPS: LPS group; LPS + Danshen: LPS plus compound Danshen injection group. Data
are mean ± SD from 6 rats. aP < 0.05 vs 0 min; cP < 0.05 vs LPS group.

min after LPS infusion, respectively, and the representative
fluorescence images are illustrated in Figure 6. Before
LPS infusion, no obvious albumin leakage was detected
in either LPS group (Figure 6Aa) or LPS plus compound
Danshen injection group panel (Figure 6Ac). The albumin
leakage from venular wall was observed at 60 min after
LPS infusion (Figure 6Ab). The LPS-induced albumin
leakage from venule was apparently suppressed by the
treatment with compound Danshen injection (Figure 6Ad).
The quantitative evaluation of the results are presented
as a percentage of albumin leakage changed with time and
shown in Figure 6B. It is evident that the baseline albumin
leakage was undetectable in all the three conditions
studied. In control group, the albumin leakage from the
venular wall maintained non-significant alteration over
the observation period. The increase in albumin leakage
became significant after 20 min of the LPS infusion,
which was more pronounced at 60 min. This increase
was inhibited by the treatment with compound Danshen
injection at 60 min after the LPS infusion.
Mast cell degranulation
Mast cell degranulation was examined after 60 min of
LPS infusion in various conditions, and the results were
quantified as the ratio of the number of degranulated mast
cells to the total number of mast cells examined (Figure 7).
We found that LPS infusion resulted in an apparent
increase in the mast cell degranulation in comparison
with the control (55.3% ± 12.9% vs 22% ± 4.1%), and
this increase was suppressed significantly by compound
Danshen injection (27.5% ± 7.1%).

Control
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a

c
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80
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Figure 7 Quantitative evaluation of mast cell degranulation along venules in
control group, LPS group and LPS plus compound Danshen injection group at 60
min after saline or LPS infusion. Control: Control group; LPS: LPS group; LPS +
Danshen: LPS + compound Danshen injection group. Data are mean ± SD from 6
rats. aP < 0.05 vs control group; cP < 0.05 vs LPS group.

Ultrastructure changes in post-capillary venules
The representative electron micrographs of post-capillary
venules in rat mesentery in control, LPS infusion and
LPS plus compound Danshen injection groups are
presented in Figure 8. The lumen of venules in normal
rat mesentery was lined by a layer of endothelial cells,
which exhibited rather smooth inner face with occasionally
occurred microprojections on the surface and vesicles
in the cytoplasm (Figure 8A and D). LPS infusion led
to an apparent alteration in the ultrastructure of the
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Figure 8 Representative electron micrographs of post-capillary venules of rat mesentery in the control group (A and D), LPS infusion group (B and E) and LPS plus
compound Danshen injection group (C and F). En: Endothelial cell; MP: Microprojection; CV: Cytoplasmic vesicle; L: Leukocyte. Magnification: A: 4000 x; B: 4000 x; C: 4000 x;
D: 24 000 x; E: 24 000 x; F: 24 000 x.

240
Mean fluorescence intensity
of adhesion molecules in neutrophils

endothelium of post-capillary venules, which were
characterized by plentiful vesicles of different size in the
cytoplasm and multiple cytoplasmic projections on the
inner surface (Figure 8B and E). Some of the vesicles in
the cytoplasm were located beneath or directly connected
to both sides of the plasma membrane, indicating their
possible function for transendothelial traffic. Adherent
leukocytes were frequently observed, which were attached
to the venular wall through the cytoplasmic projections
of the endothelium. The LPS-induced alterations in the
ultrastructures of endothelium were significantly abated by
treatment with compound Danshen injection (Figure 8C
and F).
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An in vitr o study was perfor med to deter mine the
fluorescence intensity of adhesion molecules CD11b and
CD18 in neutrophils (Figure 9). The fluorescence intensity
of CD11b and CD18 was significantly increased by LPS
stimulation compared to the control group. Treatment with
compound Danshen injection of 20 μL/mL or 30 μL/mL
significantly inhibited the fluorescence intensity of CD11b
and CD18 in neutrophils induced by LPS stimulation.

Figure 9 Fluorescence intensity of adhesion molecules CD11b and CD18 on
neutrophils in different groups. Control: control group; LPS: LPS group; LPS +
Danshen 20: LPS plus compound Danshen injection (20 μL/mL) group; LPS +
Danshen 30: LPS plus compound Danshen injection (30 μL/mL) group. Data are
mean ± SD from 6 rats. aP < 0.05 vs control group; cP < 0.05 vs LPS group.

Changes in intensity of DHR fluorescence in neutrophils
The intensity of DHR fluorescence in neutrophils was
determined in vitro. LPS exposure significantly increased
the fluorescence intensity of DHR in neutrophils (51.12
± 13.20) compared with control group (30.52 ± 6.57),

Fluorescence intensity of adhesion molecules ICAM-1 in
HUVECs
The fluorescence intensity of adhesion molecule ICAM-1
in HUVECs is illustrated in Figure 11. In comparison
with control g roup, the f luorescence intensity of

www.wjgnet.com

and this increase was almost completely abolished by the
treatment with compound Danshen injection when the
concentration was 0.5 μL/mL (33.57 ± 9.92) and 1.0 μL/
mL (33.58 ± 8.17) (Figure 10).
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Figure 10 Intensity of DHR fluorescence on neutrophils in different groups.
Control: Control group; LPS: LPS group; LPS + Danshen 0.2: LPS plus compound
Danshen injection (0.2 μL/mL) group; LPS + Danshen 0.5: LPS plus compound
Danshen injection (0.5 μL/mL) group; LPS + Danshen 1.0: LPS plus compound
Danshen injection (1.0 μL/mL) group. Data are mean ± SD from 6 rats. aP < 0.05
vs control group; cP < 0.05 vs LPS group.

Figure 11 Fluorescence intensity of adhesion molecules ICAM-1 on HUVECs in
different groups. Control: Control group; LPS: LPS group; LPS + Danshen 5: LPS
plus compound Danshen injection (5 μL/mL) group; LPS + Danshen 10: LPS plus
compound Danshen injection (10 μL/mL) group; LPS + Danshen 20: LPS plus
compound Danshen injection (20 μL/mL) group. Data are mean ± SD from 3 rats.
a
P < 0.05 vs control group; cP < 0.05 vs LPS group.

adhesion molecule ICAM-1 was significantly enhanced
by stimulation with LPS and this LPS-elicited increase
in fluorescence intensity of adhesion molecule ICAM-1
was inhibited profoundly by treatment with compound
Danshen injection of either 10 μL/mL or 20 μL/mL, but
not of 5 μL/mL.

main ingredients of Danshen, were reported to inhibit
TNF-α-induced NF-κB secretion in HUVECs[20]. Kim
et al [21] revealed that Danshen water-soluble extract
abrogated the LPS-induced NF-κB signaling pathway by
targeting the IKK complex in intestinal epithelial cells.
However, the mechanism whereby compound Danshen
injection inhibits the expression of adhesion molecules of
leukocytes and endothelial cells needs further research.
It was repor ted that leukocyte adhesion to the
venules triggered the release of oxygen-free radicals
from leukocytes[4]. DHR, an H2O2-sensitive fluorescent
probe successfully used to measure intracellular H 2O 2
levels, allowed us to monitor the dynamic alteration in
the oxidative stress [25]. DHR fluorescence intensity in
venules was significantly increased starting from 20 min
of LPS infusion, and this increase was suppressed by
the treatment with compound Danshen injection. It is
unable to distinguish the DHR fluorescence of leukocytes
from that of endothelial cells due to the limitation of
resolution. However, the continuous linear appearance
of the fluorescence images observed in the present study
seems to represent H2O2 level in venular wall, especially in
the endothelium. Nevertheless, the result from our in vitro
experiment documented that compound Danshen
injection significantly inhibited the production of H2O2 in
neutrophils induced by LPS, indicating that it scavenged
oxygen-free radicals from both endothelial cells and
neutrophils.
It is well recognized that mast cell degranulation
induced by LPS leads to the release of pro-inflammatory
mediator and vasoactive substances, such as histamine,
IL-5, IL-6 and TNF- α through TLR-4 receptor [3,37-39].
These pro-inf lammator y mediator and vasoactive
substances attack vessels from outside [40], promote the
expression of VCAM-1 and E-selectin on endothelial
cells[41], increase the rolling and adhesion of leukocytes, and
enhance the albumin leakage[39,41,42]. In the present study,
the degranulation of mast cells induced by LPS infusion
was found to be markedly inhibited by the treatment with
compound Danshen injection in terms of the degranulated

DISCUSSION
In the present study, compound Danshen injection was
found to reduce the rat mesenteric microcirculatory
disturbance induced by LPS continuous infusion except
for an increase in the leukocyte rolling. Up-regulation of
a variety of adhesion molecules was evoked following the
LPS stimulation, mediating different phases of leukocyte
recruitment in microvessels, with L-selectin in leukocytes
and E-selectin in endothelial cells [7,28,29] being involved
in leukocyte rolling along vascular endothelium [7], and
CD11b/CD18 in leukocytes and ICAM-1 in endothelial
cells implicated in firm adhesion of leukocytes to vascular
wall[5,15,30,31]. The fact that compound Danshen injection
did not display any effect on the LPS-induced leukocyte
rolling implies that it might reduce leukocytes adhering
to venular wall through its inhibitory effect on the
expression of adhesion molecules either CD11b/CD18
in neutrophils or ICAM-1 in endothelial cells or both
rather than selectins. It was claimed that the LPS-induced
expression of adhesion molecules CD11b/CD18 in
neutrophils was related to the translocation of CD11b/
CD18 from secretory vesicles and specific granules to
the plasma membrane [10] as well as the conformation
change in I-domain, the active region of CD11b/CD18
in neutrophils [31-33]. On the other hand, the expression
of adhesion molecules ICAM-1 in endothelial cells was
modulated by NF- κ B [34], and conformation change in
I-domain in endothelial cells [30,35,36] . Previous in vitro
studies demonstrated that aqueous extract of Danshen,
the main ingredients of compound Danshen injection,
inhibited the expression of ICAM-1 and activation of NF[19,20]
. Likewise, DLA and SAB, the
κB in endothelial cells
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mast cell ratio, sug gesting that compound Danshen
injection is also capable of protecting the microvessels by
blockage of vasoactive substances from outside.
MBB is a macromolecule pigment which is able to
immerge into the impaired vascular endothelium as
well as intercellular spaces but unable to penetrate the
endothelium basal lamina, and thus can be used as a
marker to identify the injury sites of blood vessel43]. Pretreatment of samples with MBB made it possible to
monitor the vascular endothelium injury occurring with
time[44]. The result of our present study showed that the
significant increase in MBB staining area initiated at 10
min after LPS infusion, and the increase trend persisted
until 60 min. Interestingly, a similar time course of change
was noted in the LPS-induced increase in the number of
adherent leukocytes and the production of oxygen-free
radicals. Thus, the vascular endothelium injury appears to
be associated with both the interaction between leukocytes
and endothelium and the pernicious effect of oxygenfree radicals. Compound Danshen injection significantly
reduced the area of MBB staining elicited by LPS
infusion, suggesting that compound Danshen injection
was potentially able to protect vascular endothelium from
injury.
The pathway for the albumin leakage from
mesentery venules found upon LPS stimulation is still
to be explored. It was documented in the lung [45] and
myocardium[46] that the increased vascular permeability
induced by inflammatory stimulations was due to the
enhanced transendothelial traffic, which was carried out
by a population of cytoplasm vesicles. In line with these
findings, the result of electron microscopy in the present
study showed that the number of vesicles in cytoplasm
of endothelial cells of venules was increased apparently
by LPS continuous infusion, whereas the endothelial
cells themselves and the intercellular junctions remained
intact, implying that the LPS-induced albumin leakage
observed in the present situation was accomplished by
the transendothelial route. Treatment with compound
Danshen injection reduced the number of endothelium
cytoplasm vesicles as well as FITC-labeled albumin leakage
from venular wall induced by LPS, suggesting that it
inhibited albumin leakage from venular wall by modulation
of the transendothelial traffic.
In summary, our present study demonstrated that
compound Danshen injection significantly attenuated the
LPS-induced microcirculatory disturbances, including
endothelial cells damage, adhesion of leukocytes to venular
wall, production of oxygen-free radical in venular wall,
albumin leakage from venules and mast cell degranulation.
Compound Danshen injection reduced adhesion of
leukocytes to venular wall through inhibition of the
expression of CD11b/CD18 in neutrophils or ICAM-1
in HUVECs or both. Furthermore, the protective effect
of compound Danshen injection on the endothelium may
ascribe to its diverse actions, including scavenging oxygenfree radicals from both leukocytes and endothelial cells,
the attenuation of leukocyte adhesion, and the inhibition
of the mast cell degranulation. Overall, the results of our
present study revealed the multi-targeting potential of
compound Danshen injection in the improvement of the
www.wjgnet.com
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LPS-induced microcirculatory disturbance. Experiments
are currently being undertaken in our laboratory to
discriminate among the constituents present in the
compound Danshen injection which are responsible for
the respective actions exerted by this medicine.
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the gaps between intestinal mucosa cells were increased
and the Lanthanum (La) particles were observed among
the intestinal mucosa cells during 6-48 h period. The
numbers of KCs in the remnant regenerating liver were
significantly increased during 24-168 h period after
PH. However, the activation of KCs was predominantly
observed at 48 h after PH.
CONCLUSION: The mechanism of IETM in PH rats
might be the injury of intestinal mucosa barrier and the
decrease of the absolute number of KCs as well as the
depression of functional state of KCs. This observation is
of potential value in patients undergoing liver resection.
© 2007 WJG . All rights reserved.

Abstract
AIM: To explore the mechanism of intestinal endotoxemia (IETM) formation and its changes in partially
hepatectomized (PH) rats.
METHODS: One-hundred and two adult male Wistar
rats were randomly divided into three groups: normal
control (NC) group, partially hepatectomized (PH) group
and a sham-operated (SO) group. To study the dynamic
changes, rats were sacrificed before and at different time
points after partial hepatectomy or the sham-operation
( 6 h, 12 h, 24 h, 36 h, 48 h, 72 h, 120 h and 168 h).
NC group was used as 0h time point in observation,
namely 0 h group. For each time point indicated, six
rats were used in parallel. Endotoxin (ET) and diamine
oxidase (DAO) levels were determined in serum using
Limulus Lysate test with chromogenic substrate and
spectrophotometry. Intestinal mucosa barrier was
observed under optical or electron microscope. The
number and functional state of Kupffer cells (KCs)
in the remnant regenerating liver were measured by
immunohistochemical staining.
RESULTS: Serum ET levels significantly increased
during 6-72 h period after PH compared with NC and
SO groups, and there were two peak values at 12 and
48 h while serum DAO level significantly increased at
12 and 24 h. There was positive correlation (r = 0.757,
P < 0.05) between the levels of DAO and ET dynamic
changes. The optical examination showed neutrophil
margination and superficial necrosis of the villi in the
intestinal mucosa during 6-24 h period after PH. The
penetrated electron microscope examination showed that
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INTRODUCTION
Gut is a vast pool of bacteria and endotoxin (ET) in the
body. It has been verified that during periods of severe
trauma or large operation, the intestinal mucosal barrier
is damaged, and therefore the intestinal permeability
increased from which bacteria and ET can easily transfer
through the intestinal mucosa into portal vein and invade
tissue and blood[1-3]. Endotoxemia will be generated if the
level of portal vein ET surpasses the hepatic capacity for
ET scavenging due to decreased phagocytic ability of liver
Kupffer cells (KCs) and then ET spills over into systemic
circulation. For these reasons, it is named intestinal
endotoxemia (IETM), because ET comes from the gut[4].
IETM can induce the release of chemical mediators from
KCs and subsequent hepatic injury[5].
Hepatectomy, both partial resection and transplantion,
has greatly developed and advanced during the last years;
it has also allowed wider surgical indications, including
living-donor liver transplantation. Classical PH is a major
operation losing nearly 70% liver volume. It means that
intestinal mucosal barrier might be damaged and the

Xu CP et al . Intestinal endotoxemia in partially hepatectomized rats

absolute number of KCs in the remnant liver is abruptly
decreased. Therefore, PH could result in IETM. Some
researches suggested that the serum ET level was elevated
in rats after PH, which was shown to be involved in the
pathogenic process of liver injury and regeneration[6,7].
However, whether IETM actually occurred after PH, and
what are its dynamic changes and formative mechanism
during liver regeneration after PH, are still not clear. To
further confirm the existence of IETM and to explore
its mechanism, we observed systematically the dynamic
changes of serum ET, intestinal mucosa barrier, and the
number and functional state of KCs after PH in rats.

MATERIALS AND METHODS
Experimental animals and grouping
One-hundred and two adult healthy male Wistar rats
weighing 180-220 g, obtained from the Animal Center of
Shanxi Medical University, were employed in the present
study. All animals received humane care during the study
under a protocol that was in accordance with institutional
guidelines for animal research and was approved by
the Ethics and Research Committee of Shanxi Medical
University. Experimental animals were randomly divided
into three groups: normal control (NC, n = 6) group,
partial hepatectomy (PH, n = 48) group and shamoperation (SO, n = 48) group. Rats were sacrificed at 6
h, 12 h, 24 h, 36 h, 48 h, 72 h, 120 h and 168 h after the
partial hepatectomy or sham-operation. NC group was
used as 0 h time point in observation, namely 0 h group.
For each time point indicated, six rats (n = 6) were used in
parallel.
Animal model and sample preparation
Rats were maintained on a 12:12 h light-dark cycle and
standard feeding. All surgical procedures were performed
under strict sterile conditions. Surgery was performed
between 8 and 10 AM. Rats were fasted 12 h before
surgery and anesthetized with pentobarbital sodium (30
mg/kg) intra-abdominally. PH rats model (two-thirds
hepatectomy) was established as described by Higgins
and Anderson, i.e. a mid laparotomy was performed with
removal of the left lateral hepatic lobe and mid lobe; blood
vessels were identified and cut, and both lobes were ligated
and resected, thus making up the classically so-called 70%
hepatectomy. The laparotomy was stitched up and rats
were placed in recovery cupboards under appropriate
temperature and humidity conditions. They returned to
their standard feeding. The SO rat model was established
exactly as indicated for PH, except that the livers of SO
rats were only manipulated but not resected. After 6 h,
12 h, 24 h, 36 h, 48 h, 72 h, 120 h, and 168 h, respectively,
PH and SO rats underwent relaparotomy again under
anesthesia with pentobarbital sodium (20 mg/kg) intraabdominally. Abdomen aorta blood was drawn from rats
in sterile tubes, centrifuged at 1000 × g for 10 min at 4℃
and stored at -70℃ for serum ET and diamine oxidase
(DAO) assay. Segments were taken from distal ileum and
rinsed with ice-cold normal saline, fixed in 10% buffered
formalin and 3% glutaraldehyde, respectively, for light and
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electron microscopic assay. Livers were removed and fixed
in 10% buffered formalin. The fixed livers were dehydrated
through increasing concentrations of ethanol in xylene and
embedded in paraffin. Livers embedded in paraffin were
sectioned at 4 µm for immunohistochemistry.
Determination of serum ET and DAO levels in abdomen
aorta
ET levels were measured using Limulus test kit (Shanghai
Yi Hua Scientific, Inc) according to manufacturer's
instructions. DAO levels were measured using Li's method
by spectrophotometry (UV-2102C, Shanghai)[8].
Light microscopic preparations for distal ileum tissue
The resected segments of ileum fixed in 10% buffered
formalin were opened lengthwise, embedded in paraffin
after 24 h, sectioned (4 µm), and stained with hematoxylineosin (HE). The sections were analyzed under a light
microscope (Olympus, Japan) for histological examination
of distal ileum lesions.
Permeability determination of distal ileum with electron
microscopic lanthanum nitrate (La) assay
Ultra-structural and permeability changes of ileum were
observed through the leakage of La particle. The resected
samples of ileum were fixed for 2 h at 4 ℃ with 3%
glutaraldehyde in 0.1 mol/L cacodylate buffer (pH 7.2)
containing La, then washed three times with 0.1 mol/L
cacodylate buffer (pH 7.2) and stained with osmium
tetroxide containing La, dehydrated through ethanol,
embedded in epoxy resin 618, and sectioned extra thin.
Sections were examined under a JEM 100CX transmission
electron microscope. Increased ileum permeability was
defined by a La particle[9,10].
Immunohistochemical staining of Lysozyme(LYZ)-positive
cells in rat liver
Immunohistochemical staining was performed by SABC
(SABC Kit, Wuhan Boster, China) method as described in
detail below. Paraffin remnant liver sections (4 μm) were
dewaxed and dehydrated in graded alcohols. Endogenous
peroxidase activity was quenched with 2% H2O2 in PBS
for 30 min at room temperature. Non-specific staining was
blocked with 5% BSA for 20 min at room temperature.
After moving extra liquid, a polyclonal rabbit anti-LYZ
primary antibody (Wuhan Boster, China)at a dilution
1:100 was applied in PBS and incubated overnight at
4℃. The following day, sections were washed (2 × 3 min
in PBS) and incubated with biotinylated goat-anti-rabbit
Ig (Wuhan Boster, China) for 30 min, then washed (3 ×
2 min in PBS) and incubated for 30 min with SABC, and
washed again (3 × 2 min) before each section underwent
DAB (Wuhan Boster, China) staining according to the
manufacturer's instruction, resulting in the formation of
a brown reaction product. Finally, sections were briefly
counterstained with hematoxylin, then dehydrated, cleared
and mounted in neutral gum under cover slips. Controls
consisted of omitting the primary and secondary antibody
to perform negative control staining. A known positive
staining specimen (rat liver) was used as a positive control.
www.wjgnet.com
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Normal morphology of small intestinal in NC group; B: Abnormal morphology of
small intestinal at 6 h in PH group (x 200).
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Figure 2 Dynamic changes of serum DAO (U/L) levels. PH: partial hepatectomy;
SO: sham-operation; aP < 0.05, bP < 0.01 compared with 0 h group (NC: normal
control); cP < 0.05, dP < 0.01, PH vs SO at corresponding time points.

LYZ staining was assessed by two independent observers
who were blinded to the origin of the sections. The cells
with cytoplasm showing brown grain under the optical
microscope were defined as positive cells. The number
of cytoplasm stained positive cells were calculated by
randomly choosing 10 fields under medium power (× 200)
microscope and counting average value.
Statistical analysis
Results were evaluated using analysis of variance and
correlated with SPSS11.0 software. All values were
expressed as the mean ± SD. P value of 0.05 or less was
considered to be statistically significant. The linear trends
were measured by corresponding tests.

RESULTS
Dynamic changes of serum ET and DAO levels
As shown in Figures 1 and 2, serum ET and DAO levels
in rats of PH group were increased significantly compared
with NC and SO groups during the early post-PH period.
The serum ET levels were elevated obviously in the PH
group 6, 12, 24 and 48 h after PH, and there are two
www.wjgnet.com

peak values at 12 h and 48 h. The serum DAO levels rose
obviously in the PH group 12 h and 24 h after PH. The
serum levels of ET and DAO at the different time points
of SO group were not significantly different from the NC
group. There was positive correlation (r = 0.757, P < 0.05)
between the dynamic changes of ET and DAO levels in
PH group (Figure 3).
Light microscopic findings of distal ileum
The NC and SO specimens showed normal and typical
leaf-like villi crypts. In contrast, the specimens from
the PH groups showed different degrees of structural
changes ranging from swelling and degeneration of villous
epithelial cells to extensive denudation and collapse of
the villi. At 6 h after PH, an increased degree of mucosal
injury was observed (Figure 4A and B).The major injury
occurred at 24 h after PH.
Electron microscopic findings of distal ileum
Ultra-structural changes of small intestine were observed
through the staining with La, which was used as a tracer to
demonstrate the increased intestinal mucosa permeability.
Electron microscopic examination of the intestinal
mucosa revealed some changes as follows (Figure 5A-F).
No La particles and widen cell gap were found in the
intestinal epithelium of tight junction among the cells in
NC group. Few La particles and slightly widen cell gap
were found in SO group at 6 h. Lots of La particles and
clear widen cell gap were found in PH group at 6-48 h,

Xu CP et al . Intestinal endotoxemia in partially hepatectomized rats
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Figure 5 Ultrastructural changes of terminal ileum the staining with La. A: No La
particles and widen cells gap among the intestinal cells of NC group; B: Few La
particles and slightly widen cells gap among the intestinal cells of SO group at 6
h; C: More La particles and widen cells gap among the intestinal cells of PH group
at 6 h; D: Lots of La particles and apparently widen cells gap among the intestinal
cells of PH group at 12 h; E: Decreasing La particle deposit and widen cells gap
among the intestinal cells of PH group at 24 h; F: No La particle deposit was
observed among the intestinal cells and the degree of widen cells gap of PH group
decreased at 48 h (× 10 000).

and La particles diffused between the cells gap as well as
in the cytoplasm. The morphologic changes of intestinal
mucosa were dramatic following the liver regeneration
after PH. Morphologic changes in these periods included
widen cells gap and recovery, Good correlation between
cells gap changes and La particles permeability was noted
in this period.
Immunohistochemical staining of LYZ-positive cells in rat
liver
To investigate the dynamic changes of KCs number
and functional state in remnant liver after PH, the
immunostaining was carried out using a specific antiLYZ antibody. LYZ was used in this study as a marker
to demonstrate the KCs number and shape in the liver
for LYZ is a reliable and stable marker for mononuclearphagocyte system, which only exists in the KCs in the
liver. The change of KCs shape and LYZ content in KCs
illustrate the change of KCs function[11]. Activated KCs
appeared round in shape with increasing LYZ content in
the cytoplasm. As evident from Figure 6A-F, the different
staining intensities of LYZ positive cells were observed
in the cytoplasm of NC, SO and PH group rat liver,
surrounding the central vein(CV) and portal triad(PT).
There was no significant difference in the number of
LYZ positive staining cells at different time points of SO
group compared with NC group (Table 1), and activated
KCs were not shown in SO and NC groups. However,
there was significant difference in the number of LYZ
positive staining cells during 24-168 h period in PH

Figure 6 Immunohistochemical staining of LYZ-positive cells in rat liver. The
different staining intensity LYZ positive cells were observed in the cytoplasm of
NC, SO and PH groups, surrounding the central vein(CV) and portal triad(PT). A:
LYZ positive cells in NC group; B: LYZ positive cells in SO group at 6 h; C: LYZ
positive cells in PH group at 6 h ; D: LYZ positive cells in PH group at 12 h; E: LYZ
positive cells in PH group at 24 h ; F: LYZ positive cells in PH group at 48 h (SABC,
× 200).

groups compared with NC and SO, and activated KCs
were predominantly observed at 48 h after PH. There was
no correlation between the dynamic changes of the KCs
number in remnant liver and of the ET levels in serum.

DISCUSSION
It has been verified that during the period of severe
trauma or large operations, the intestinal mucosal barrier
was damaged, and therefore the intestinal permeability
increased, resulting in IETM [1,2]. Because IETM can
activate KCs and injure the liver, living donor liver
transplantion is an effective therapy for deteriorative liver
disease, the liver graft is from healthy adults, and there are
unknown risks for donors,it is necessary to explore the
mechanism of IETM formation in PH.
Previous studies have noted that the blood level of
gut-derived ET was elevated during liver regeneration after
PH[6,7]. As indicated by the data of this investigation, the
serum ET levels increased obviously in the PH group at 6,
12, 24 and 48 h. These findings suggested that the PH rats
formed a sustained and changed endotoxemia. But where
is ET mainly from?
A major function of the gut is to prevent the absorption
of toxins, antigens, protease and micro-organisms across
the intestinal wall. Epithelial cells cover the surface of the
gastrointestinal tract, serve as a barrier between the luminal
and tissue compartments[12,13]. Maintenance of the intestinal
barrier function depends on the integrity of cellular plasma
membrane, tight junctions as well as the elaboration of
endothelial and epithelial secreting products[14]. Whether
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Table 1 Dynamic changes of the number of LYZ positive cells in rat liver (200 ×, n = 6)
Groups
PH
SO

0h
5.1 ± 1.1
5.1 ± 1.1

6h
6.2 ± 1.1
5.8 ± 1.5

12 h
6.8 ± 1.3
4.5 ± 1.2

24 h
20.2 ± 1.6a
5 ± 1.1c

36 h
24.6 ± 2.1b
4.8 ± 1.6d

48 h
28.4 ± 1.9b
6.1 ± 1.3d

72 h
21.3 ± 2.6a
4.7 ± 1.5c

120 h
19.5 ± 2.5a
5.1 ± 1.2c

168 h
18.2 ± 1.7a
4.2 ± 0.9c

PH: partial hepatectomy; SO: sham-operation; aP < 0.05; bP < 0.01 vs 0 h group (NC: normal control); cP < 0.05; dP < 0.01, PH vs SO at same time point.

the mucosal barrier works well or not is closely related to
mucosal injury and intestinal permeability. In this study,
light microscopy for histological examination and electron
microscopy for intestinal mucosa permeability assay using
La staining were used. These methods can determine
whether and when a mucosal injury and an increase of
intestinal permeability appear, and can find how and when
the degrees of mucosal injury and permeability increase
correlate with the changes of serum ET levels after PH. In
this study, the optical examination showed that neutrophil
margination and superficial necrosis of the villi at 6-24 h
appeared in intestinal mucosa after PH, penetrated electron
microscopy showed the gaps between intestinal mucosa
cells were increased and the La particles were observed
among the intestinal mucosa cells within 48 h after PH.
It is similar with a previous experimental study that 48 h
after PH there is a trend for decreased injury of intestinal
mucosa[15]. It is suggested that elevated serum ET appeared
to be consistent with the degree of intestinal mucosal
barrier injury. A preliminary conclusion that the serum ET
in PH rats mainly coming from gut could be deduced by
these data.
DAO exists in high concentrations in the intestinal
mucosa. Most DAO in the blood comes from the intestine.
The serum DAO is reported to be proportional to the
amount of intestinal DAO, and it is a reliable marker of
intestinal mucosal integrity[16]. In order to further confirm
the degree of intestinal mucous damage, the dynamic
changes of serum DAO levels were measured. In the
present study, serum DAO levels significantly increased
in the PH group at 12 and 24 h, which was positively
correlated with the dynamic changes of serum ET closely.
This correlation was related to the fact that high serum
ET might come from gut. Together with the findings
of intestinal mucosal injury under light and electron
microscopy, it is strongly suggested that intestinal mucosal
barrier function was damaged and IETM appeared after
PH. The mechanism of the intestinal mucosal barrier
function injury after PH might be: (1) PH as a surgical
stress losing 70% liver tissues, leading to swollen mucosa
and weakened intestinal movement as well as silt and
decreased secretion of bile, which bring about the massive
bacterial overgrowth and bacterial translocation, and cause
the invasion of enteric ET into blood[17,18]; (2) PH could
result in a condition of incomplete ischemia of the gut.
Ischemia/reperfusion injury of the gut lead to epithelial
injury and increased intestinal mucosal permeability[19].
The mononuclear-phagocyte system of the liver
is important in clearing organisms from the portal
circulation. In recent years, more attention has been paid
to the role of KCs in liver. Studies have showed that
intestinal mucosal barrier injury causes transient IETM,
www.wjgnet.com

only when KCs function is depressed, which will result in
sustained IETM[20]. PH is an operation losing nearly 70%
liver volume, it causes an abrupt decrease of the absolute
number of KCs in remnant liver. In an attempt to clarify
the dynamic changes of KCs number and functional state,
the immunostaining was carried out using a specific antiLYZ antibody to investigate the expression and number
of KCs. The numbers of KCs in remnant regenerating
liver were significantly increased during 24-168 h period
after PH compared with NC and SO groups. However,
the activation of KCs was predominantly observed at
48 h after PH. This is later than the time point of serum
ET first peak value at 12 h. It is suggested that the main
reason of sustained ET level increase before 48 h could be
the depression of KCs function as well as the decrease of
KCs number; and the the ET level decreased quickly after
48 h possibly due to the activation of KCs function and
the increase of KCs number.
In summary, these findings indicated that there have
been increased levels of ET in serum and damage in
enteric wall as well as the changes of KCs in number and
functional state in the remaining liver during the liver
regeneration after PH. In conclusion, the mechanism of
IETM in PH rats might be the injury of intestinal mucosal
barrier and the decrease of KCs absolute number as well as
the depression of KCs functional state. This observation
might be of potential value in patients undergoing liver
resection. Further studies are required to assess whether
the IETM can cause postoperative septic complications.
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AIM: To evaluate the effects of protein deprivation on
the myenteric plexus of the esophagus of weanling rats.
METHODS: Pregnant female Wistar rats were divided
into 2 groups: nourished (N), receiving normal diet,
and undernourished (D), receiving a protein-deprived
diet, which continued after birth. At twenty-one days
of age, 13 esophagi from each group were submitted
to light microscopy and morphometrical analysis
employing the NADH diaphorase, NADPH diaphorase and
acetylcholinesterase techniques. Three other esophagi
from each group were evaluated with transmission
electron microscopy (TEM).
RESULTS: In both the NADH- and the NADPH-reactive
mounts, the neurons of the N mounts were more
intensely stained, while in the D esophagi only the larger
neurons were reactive. Many myenteric neurons of N
were intensely reactive for AChE activity but only a few
neurons of D exhibited these aspects. Ultrastructural
analysis revealed that the granular reticulum of N
showed large numbers of ribosomes aligned on the outer
surface of its regularly arranged membrane while the
ribosomes of D were disposed in clusters. The chromatin
was more homogeneously scattered inside the neuron
nucleus of N as well as the granular component of the
nucleolus was evidently more developed in this group.
Statistically significant differences between N and D
groups were detected in the total estimated number of
neurons stained by the NADPH technique.
CONCLUSION: The morphological and quantitative data
shows that feeding with protein-deprived diet in 21-d old
rats induces a delay in the development of the myenteric
neurons of the esophagus.
www.wjgnet.com

INTRODUCTION
The effect of protein malnutrition has been studied
recently in the enteric nervous system (ENS), particularly
on the myenteric plexus of the infra-diaphragmatic part
of the digestive tract and varying results have emerged. It
has been previously determined that in the jejunum of rats
it results in a 27% decrease in the number of myenteric
neurons[1]. The colon of protein-deprived adult rats also
exhibited 13% neuronal loss[2], while in young rats the
total number of neurons was not reduced[3]. On the other
hand, in the small intestine of protein-deprived young rats
the estimated total number of myenteric neurons actually
increases[4] and a low-protein diet leads to a greater density
of myenteric neurons in duodenum[5] and jejunum of adult
rats[6].
The normal myenteric plexus of the esophagus
has been the object of studies employing different
anatomical techniques in several animals and stages of
both embryonic and adult life, including the opossum[7],
cat[8,11], mice, rabbits, sheep[9], guinea-pig[9,10], monkey[11],
rat[12] and several others including the man[13]. However,
morphological information on the effects of malnutrition
on the myenteric plexus of this organ is still scarce.
Therefore, the objective of this paper was to evaluate the
effects of a severe, combined pre- and postnatal protein
deprivation on the myenteric neurons in the esophagus of
young rats, employing different anatomical techniques.

MATERIALS AND METHODS
The study was conducted according to the current
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legislation on animal experiments of the Biomedical
Science Institute of the University of Sao Paulo and
approved by its Ethics Committee. Young male and female
Wistar rats (200-240 g body weight) were mated during
a period from seven to ten days. After conception, the
females were placed in individual cages and maintained
under standard conditions at 21℃ with a 12-h light/dark
cycle. During pregnancy, female rats were randomly
selected into nourished (N) and undernourished (D)
groups. The N rats received standard AIN-93G[14] normal
protein diet and the undernourished (protein-deprived)
mothers (D) received the modified AIN-93G low-protein
diet (5% casein) (Rhoster, São Paulo, Brazil). Both groups
were supplied with water ad libitum.
Following birth, animals from both groups (N and
D) received their respective diets. At the end of the
weanling period (21 d) male animals were selected for
examination. After weighing, they were killed with 3%
sodium pentobarbital (Fontoveter, São Paulo, Brazil) and
had the esophagus entirely removed and processed using
the following techniques.
Histochemical dehydrogenase reaction (NADH)
Five animals from each group were selected for this
technique. Esophagi were initially washed in Krebs
solution, ligated with cotton threads at its extremities and
filled through a syringe needle in its lumen until slightly
distended. After incubation in Krebs solution at room
temperature for 15-30 min, the specimens were transferred
to a permeabilizing agent (0.3% Triton-X in Krebs
solution) for 60 s and then submitted to three 10-min
washings in Krebs solution, as described earlier[15].
Esophagi were then incubated for 60 min at 20℃ in
20 mL of a medium containing 0.5 mg/mL nitro blue
tetrazolium (Sigma-Aldrich) in distilled water (5 mL), 0.1
mol/L sodium phosphate buffer (5 mL, pH 7.3), distilled
water (10 mL) and 0.5 mg/mL β-nicotinamide adenine
dinucleotide (reduced form). The reaction was stopped by
immersion in 10% buffered formalin solution in which the
viscera were fixed (24 h minimum). The esophagi were next
longitudinally opened and, using a puncture device, three
circular fragments of 20 mm2 each were obtained from the
oral, medium and aboral regions of each specimen. The
mucosa and submucosa layers of these fragments were
removed and the specimens were thoroughly washed in
distilled water. Finally, whole-mount preparations were laid
in glycerol on a microscope slide and sealed with Entellan
(Merck KGaA, Darmstadt, Germany).
Histochemical NADPH diaphorase reaction
Five esophagi from the N and D groups each were
selected for this study. After initial washing with Krebs
solution, specimens were ligated at their extremities and
filled with 4% paraformaldehyde in phosphate buffer
(pH 7.4) and immersed in this same substance for 2 h at
4 degrees Celsius as previously described[16,17]. They were
next washed in phosphate buffer for 2.5 h and incubated
in a medium containing 1 mg/mL β-NADPH (reduced
form, Sigma) in phosphate buffer for 35 min. Thereafter
the three circular fragments (oral, medium and aboral)
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were obtained from each esophagus and whole-mounts
prepared as above-mentioned.
Demonstration of acetylcholinesterase activity (AChE)
In three esophagi from each group (N and D) AChE
activity was demonstrated with its direct coloring method
as described elsewhere[18,19]. The specimens were filled
with 4% paraformaldehyde in phosphate buffer (pH
7.4), ligated at their oral and aboral limits and immersed
in the same fixative solution for 2 h at 4℃. After this
period the esophagi were opened and their oral, medium
and aboral fragments (obtained as above-mentioned)
were maintained overnight at 4℃ in a solution with
hyaluronidase (Hialozime®; Apsen), Krebs solution and
tetraisopropylpyrophosphramide (iso-OMPA; Sigma).
The fragments were then removed, washed in Krebs
solution and once again incubated overnight at 4℃ in a
second solution containing 50% of solution A plus 0.17
mol/L acetylthiocholine iodide, 0.1 mol/L phosphate
buffer (pH 7.1), 100 mmol/L sodium citrate, 30 mmol/L
cupric sulfate, 5 mmol/L kalium ferricyanatum and 0.3%
Triton-X100. The mucosal and submucosal layers were
removed and the fragments dehydrated in an increasing
alcohol series (70-100 degrees), immersed in benzene for
20 min and mounted on microscope slides with Entellan
(Merck KGaA, Darmstadt, Germany).
Transmission electron microscopy (TEM)
Ultrastructural features of the myenteric neurons were
observed in fragments from three other N and D esophagi
which were fixed for 6 h in 3% glutaraldehyde in Millonig's
buffer, pH 7.2-7.4, containing 0.25% tannic acid, as
previously described[20]. The specimens were post-fixed in a
2% osmium tetroxide solution and embedded in adhesion
medium. Ultra-thin sections were stained with uranyl
acetate-lead citrate[21] and examined in a JEOL JEM-1010
(Jeol, Tokyo, Japan) electron transmission microscope.
Morphometry
The neuronal density and the profile areas of the nerve
cell bodies were measured by examining the whole-mount
preparations stained with the NADH and NADPH
reactions under a binocular microscope at magnification
of × 400. For each esophagus all neurons present in
the oral, medium and aboral fragments were counted.
The profiles of 50 random nerve cell perikarya from
each specimen were obtained on a semiautomatic device
for morphometry analysis. The data were expressed
as means ± SE and compared by analysis of variance
(ANOVA), Student's t-test and Duncan's test for multiple
comparisons, as appropriate. The level of significance was
set at P < 0.05[22].

RESULTS
Qualitative analysis
For both N and D groups, no significant differences were
observed among the oral, medium and aboral fragments
in all histochemical reactions here performed. In relation
to the NADH-reactive neurons, a predominantly intense
www.wjgnet.com
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Figure 1 Myenteric neurons stained for NADH diaphorase in esophagi taken
from N (A, C, E, G) and D (B, D, F, H) rats. In both groups small (arrowheads)
and large (arrows) neurons are evident (A, B). Sometimes large neurons were
only weakly stained, such as in C and D (arrows) and G and H (*). the weakness
of staining in large neurons; E, F: On the other hand, in N animals (E) large and
intensely reactive neurons predominated (arrowheads), but their number was
largely reduced inside D ganglia (F, arrowhead) (A-F: x 340; G and H: x 715).

and homogeneous staining pattern was observed in large,
medium and most of the small myenteric neurons of
normally-fed feed animals (N) (Figure 1A, C, E and G).
In the protein-deprived animals (D), large neurons were
generally more weakly-stained than those of the N group
(Figure 1B, D, F and H).
The NADPH reaction strongly stained both myenteric
neurons and the ganglion network of the esophagi of the
N animals. Only a few neurons were weakly stained in
this group, as shown in Figure 2A, B and D. In contrast,
although some NADPH-reactive neurons were also
detected in the D group, they were generally less reactive
(Figure 2C, F and G). Furthermore, a thin network of
neuronal processes was well evidenced inside the ganglia
of N esophagi, it contours reactive neurons and can be
seen in the space between NADPH reactive and nonreactive neurons (Figure 2A, B and D). In the ganglia of D,
however, the thin network of neuronal processes was not
clearly defined, especially in the space between neurons,
suggesting in some cases a reduction in their number
(Figure 2C and G). The axonal processes were evidenced
in both N and D groups but much defined in ganglia of N
(Figure 2A and B).
Many myenteric neurons in N ganglia were intensely
reactive for AChE activity, with a homogenous cytoplasmic
staining pattern (Figure 3A-C, E). Neurons exhibiting this
staining pattern, on the other hand, were extremely rare
in D ganglia (Figure 3G and H). In this second group, the
www.wjgnet.com
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Figure 2 Myenteric neurons of the esophagus taken from N (A, B, D) and D (C,
E, F, G) rats, stained with the NADPH diaphorase method. Bundles of axons and
varicosities of reactive neurons (arrows) are well-evidenced in N group (A, B). The
space inside ganglia (*) with non-reactive neurons detected in both groups are
wider in D (C, E-G) while in N a thin network of neuronal processes is evidenced (A,
B, D). Both groups show reactive neurons (arrows) with irregular contours (C-G).
Some neurons featured moderately intense staining both in N and D (B, C, E, F).
(A-G: x 340).

characteristic staining pattern was the presence of poorlyto moderately-reactive neurons and the shadows of these
cells in the wide, blank spaces inside the ganglia (Figure
3D, F-I).
The ultrastructural characteristics of the N myenteric
neurons were clearly distinct from those of the D group.
Thus, the granular reticulum of N neurons exhibited large
numbers of ribosomes aligned on the outer surface of
its regularly-arranged membrane (Figure 4A). In the D
neurons its ribosomes were disposed in clusters and the
membrane of the reticulum was only poorly evidenced
(Figure 4B). The mitochondria of N was composed of
its characteristic double membrane, with the infoldings
of its inner layer arranged in the usual transversal cristae
(Figure 4C and D). In general, these organelles in the
D neurons were more electron-dense but their double
membrane was preserved. However, most of their cristae
were not evidenced and several of them had an oblique
orientation (Figure 4E and F). The nuclear membrane had
a normal aspect in both N and D groups (Figure 4G and
H). The chromatin was more homogeneously scattered
inside the neuronal nucleus of the N group (Figures
4G and 5A) while in the neurons of the D group its
distribution was irregular, with clear spaces between the
accumulated electron-dense material (Figures 4H and 5B).
The ultrastructural aspect of the nucleolus was remarkably
different between the N and D groups, especially
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Figure 3 Myenteric plexus of the esophagus from N (A-C, E) and D (D, F-I) rats
stained with the AChE technique. Most N neurons react intensely (A, arrowheads,
and B, C, E) while only a few neurons in D are strongly reactive (G, small arrows,
and D, F, I). Furthermore, a wide range of staining intensity was observed in some
D ganglia, from very intense (H, arrowhead) to poor (H, small arrow). Non-reactive
neurons (“shadows”) were also observed in this group (H, large arrow). (A-F, H
and I: x 340; G: x 120).

concerning the dense part of the granular component,
which was evidently more developed in N than in D
(Figure 5C and D). Granular and agranular vesicles, as well
as large and small ones, were observed in both N and D
groups but they were more defined and electron-dense in
the animals of the N group (Figure 5E-H).
Quantitative analysis
The data (mean ± SD) relative to the area of the
esophagus, neuronal density, total number of neurons and
neuronal profiles for the N and D groups concerning both
NADH and NADPH reactions are expressed in Table 1.
Statistically significant differences between the N and D
groups were detected only in the total esophageal in both
NADH and NADPH reactions and in the total estimated
number of NADPH-reactive neurons.
Neuronal area profiles did not differ significantly
between the two groups. Approximately 50% of N
NADH-stained neurons had their perikarya ranging
from 200 to 400 μm2 and another 35% ranging from 400
to 700 μm2. Likewise, in the D group 62% of NADHpositive neurons ranged from 200 to 400 μm2 and 30%
from 400 to 700 μm2. Accordingly, most of the perikarya
of NADPH-positive neurons in N and D groups ranged
from 300-600 μm2 (respectively 75% and 71%).

DISCUSSION
Although morphological changes in the offspring of

G

H

Figure 4 Electron micrographs of myenteric neurons. A: Granular reticulum
of N with the ribosomes aligned on the outer surface of the regularly-arranged
membrane (arrowheads); B: Characteristic disposition of the ribosomes in clusters
in D animals (arrowheads); C, D: Normal aspects of the mitochondria of N with
typical transversal cristae (arrowheads); E: A electron-dense mitochondrium of N
with normal double membrane (arrow) and a obliquely-oriented crista (arrowheads);
F: Transversal section of a mitochondrium of D. Note the double membrane
preserved (arrowheads); G: Nuclear chromatin (*) and nuclear membrane (arrow)
of N; H: The same aspects in a D neuron. Compare the distribution of the nuclear
chromatin (*) with a N specimen (G). (A-D: x 40 000; E, F: x 60 000; G and H: x
30 000).

different animal species determined by malnutrition have
been detected in organs such as the kidney[23], skin[24] and
striated muscle[25], it has been reported that, in spite of a
reduction in organ weight and size, the gross structure of
the lungs, heart and liver was not remarkably altered[26-28].
Macroscopically, there is an indication that in the central
nervous system (CNS) that cortical thickness itself is more
affected by malnutrition than the cerebrum as a whole[29].
Nevertheless, if the severe malnutrition causes nerve cell
loss in some regions of the CNS (e.g., dentate gyrus)[30],
the cerebral cortex seems protected from neuronal loss[31].
Previous data concerning malnutrition on the ENS of
rats is also conflicting: there is evidence showing that it
determines a decrease in the number of myenteric neurons
in the jejunum[1], a increase of these cells in the small
intestine as a whole[4] or yet does not alter the number of
myenteric neurons in the colon of protein-deprived young
animals[3].
In spite of the N animals exhibiting a larger total
esophageal area, nerve cells were relatively sparse in the
myenteric plexus of both N and D groups, such as had
already been demonstrated in other animal species [32].
On the NADH specimens, myenteric ganglia of the
D samples retained their usual structural arrangement;
structural alterations and open spaces suggesting neuronal
www.wjgnet.com
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Table 1 Total esophageal area, neuronal density, estimated
total number of neurons and neuronal cell profile of normally
fed (N) and protein-deprived (D) rats (means ± SD)
NADH
NADPH
N21
D21
N21
D21
Esophageal area (mm2) 191.6 ± 4.0a 145.4 ± 5.8 198.2 ± 9.3a 150.2 ± 9.9
Neuronal density (/mm2) 2.7 ± 0.7
2.5 ± 1.1
2.5 ± 0.3
1.7 ± 0.8
Total number of neurons 521 ± 143 372 ± 168 489 ± 60a
257 ± 114
Neuronal profile (µm2)
444.1 ± 86.3 391.1 ± 50.1 475.7 ± 82.3 399.0 ± 49.0

D

a

P < 0.05 vs D21.

E

F

H

G

Figure 5 Electron micrographs of myenteric neurons of esophagus. A, B: High
magnification photomicrograph of the nuclear chromatin (*) in N (A) and D (B)
neurons. Clear spaces are evident in the nucleus of D; C, D: Granular component
(*) of N and D nucleoli. Note the more electron-dense aspect of this nucleolar part
in N; E, F: Granular vesicles with a electron-dense core (arrows) and well-defined
agranular vesicles (arrowheads) of N. Note a preserved mitochondrium (*); G, H:
Large (arrows) and small (arrowheads) granular vesicles of D. Note the absence
of an electron-dense core. (A-C: x 75 000; D, E, G, H: x 60 000; F: x 40 000).

loss, as described in the colon of aged and Trypanossoma
cruzi-infected animals, was not observed[33,34], nor was the
abnormal distribution of ganglia as reported in the atretic
esophagus of the rat fetus [35]. Although in this group
(D) the cytoplasm of many neurons had diffuse or less
intense staining, none of the characteristic nuclear changes
of dying cells were present. In fact, this may reflect the
varying maturity of the myenteric neurons, as observed
in the myenteric plexus of rats during early postnatal
development where different intensities of cuprolinic
blue staining was detected by other researchers [12]. This
aspect is reinforced by the relatively normal ultrastructural
features of mitochondria in neurons of the D group
as compared to the peculiar characteristics of these
organelles in apoptotic cells, such as circular cristae and
in- or evaginations of the mitochondrial outer membrane
were not detected [36] . On the contrary, some of the
ultrastructutural aspects of D neurons, including the
disarranged granular reticulum and the smaller density of
the granular part of the nucleolus, clearly suggest a delay in
the development of these cells determined by the protein
deprivation. The quantitative data of NADH-reactive
neurons resembles the findings on the colon of proteindeprived young animals [3], in that the total estimated
number of neurons in the esophagus was not statistically
different between N and D groups. This is also in line
with the data for the proximal portion of the colon, where
another group could not demonstrate a difference in
neuronal number between undernourished and nourished
rats[37].
www.wjgnet.com

As for the NADPH-positive neurons, a reduction in
their number was verified in the esophagus of D animals.
This condition is similar to that described in the esophagus
of aging rats where they were also reduced[11]. However,
the high proportion of NADPH-positive neurons
among total neurons in N group (approximately 90%) is
maintained in D group (approximately 70%) corroborating
the results observed in the myenteric plexus of the
esophagus of young and aging rats (64%-89%)[38].
It has been postulated that the enteric neuronal control
of the gastrintestinal motility is mediated by excitatory
(mainly colinergic) and inhibitory (mainly adrenergic)
neurotransmitters. Some of the previously called "noncolinergic and non-adrenergic" neurotransmitters such
as nitric oxide (NO) are also involved. A simplified
model is based on acetylcholine (AChE) initiating
muscular contraction while NO acts in the muscular
relaxation phase[39,40]. Under normal conditions there is a
harmonious interplay between excitatory and inhibitory
neurotransmitters on gastrintestinal motility. The
predominance of poorly to moderately AChE-reactive
myenteric neurons in the D group associated with the
decrease in the number of NADPH-positive neurons are
suggestive of a developmental delay of these myenteric
neurons; one may assume that this condition determines
a transitory neurotransmitter imbalance, thus altering the
motility of the esophagus. Electrophysiological studies may
contribute to our understanding of whether the myenteric
neurons in the esophagus of young rats are similar to that
of the the ileum, duodenum or proximal colon of adult
animals[41] or if the electrophysiological characteristics of
these cells in D are different from that of N animals. The
smaller electron-density of both large and small granular
vesicles points out to a substantially important difference.
In summary, the structural and functional effects of
malnutrition remain controversial, further because they
are dependent on other factors as intensity and duration,
which were not addressed in this study, but it appears to
bear a direct relation to which life stage it takers place
in. Continuing research on its effects on the myenteric
neurons and particularly on malnourished animals after
re-nutrition may elucidate if the ENS is able to recover
from this insult later in life through neuronal plasticity
phenomena.
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Background

Malnutrition induces several changes on the digestive tract of both animals
and humans but its effects on myenteric plexuses have been poorly described,
particularly in the esophagus.
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Research frontiers

Neuronal loss or atrophy may lead to motility, secretive and absorptive deficiencies
with possible clinical implications.

Innovations and breakthroughs

Existing literature shows that the myenteric plexus undergoes adaptive changes in
a variety of situations. Underuse, aging and malnutrition, among other stimuli, may
induce neuronal atrophy or loss and morphological alterations that are not always
reversible. These may correspond to the morphological substrate of physiological
changes that ultimately impair the normal functioning of the GI tract.

Applications

Our article convincingly shows that pre- and post-natal protein deprivation induces
profound morphological changes on the myenteric plexus of the esophagi of
weanling rats indicative of severe developmental delay. These alterations may
explain motility deficiencies that malnourished human neonates often develop and
thus provide a morphological basis to better understand and treat the effects of
protein deprivation on the GI tract of humans as well.

Peer review

The manuscript reports the results from an investigation of the characterizations
of myenteric neurons in protein deprivated rats. The authors conclude that the
morphological and quantitative data shows that feeding with protein-deprivated diet
induces a delay in the development of the myenteric neurons of the esophagus.
These results are of interest and supported by the data. The results are wellpresented too.
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receptor-tyrosine-kinases coexpression in gastric
adenocarcinoma and might therefore encourage an
application of multiple-target RTK-inhibitors within a
combination therapy.

Abstract

INTRODUCTION

AIM: To define the (co-)expression pattern of target
receptor-tyrosine-kinases (RTK) in human gastric
adenocarcinoma.
METHODS: The (co-)expression pattern of VEGFR1-3 ,
PDGFRα/b and EGFR1 was analyzed by RT-PCR in
51 human gastric adenocarcinomas. In addition, IHC
staining was applied for confirmation of expression and
analysis of RTK localisation.

RESULTS: The majority of samples revealed a VEGFR1
(98%), VEGFR2 (80%), VEGFR3 (67%), PDGFRα
(82%) and PDGFRb (82%) expression, whereas only
62% exhibited an EGFR1 expression. 78% of cancers
expressed at least four out of six RTKs. While VEGFR1-3
and PDGFRα revealed a predominantly cytoplasmatic
staining in tumor cells, accompanied by an additional
nuclear staining for VEGFR3 , EGFR1 was almost
exclusively detected on the membrane of tumor cells.
PDGFRb was restricted to stromal pericytes, which also
depicted a PDGFRα expression.
CONCLUSION: Our results reveal a high rate of

© 2007 WJG . All rights reserved.
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Although the incidence of gastric carcinoma has decreased
steadily in many industrial nations, it remains among the
most frequent malignancies and the common causes of
cancer-related deaths worldwide[1-3]. Radical surgery accompanied with D2-lymph node dissection represents
the only curative option and is the standard therapy for
patients with limited disease. Despite the improvements of
radical primary tumor resection and perioperative therapy,
lymphatic and distant recurrence rates remain critical[4,5].
Accepted risk factors for gastric cancer are chronic
atrophic gastritis, chronic H pylori infection, hypertrophic
gastropathy and Warthin-Lynch syndrome among others[6].
Different pathogenic alterations instrumentally mediate
progression and metastasis of gastric cancer. Molecular
determinants occurring during the development of gastric cancer include mutations of certain tumor suppressor
genes (APC, DCC, Rb, p53), oncogenes (K-ras) and repair
genes (MLH-1)[7-10].
Receptor tyrosine kinases (RTKs) are transmembrane
proteins containing extracellular ligand-binding domains
and intracellular catalytic domains[11]. Receptor binding of
the respective ligand results in RTK-autophosphorylation
and a consecutive Mek1/2 and Erk1/2 activation via Raf
www.wjgnet.com
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or Ras[12,13]. Expression of functional receptors and their
respective ligands by tumor cells also raises the possibility
of autocrine loops and is critical for auto-stimulation and
progression[14,15].
Hitherto, the growth factors VEGF and PDGF and
their receptors have been considered relevant in the process of angiogenesis and dissemination in gastric adenocarcinoma, whereas EGF/EGFR was correlated with tumor
growth and local invasion[16-20]. As part of the tyrosine
kinase family, PDGF receptors are involved in multiple tumor-associated processes, like enhancing tumor angiogensis by recruitment and regulation of tumor fibroblasts
and pericytes[21]. Data correlating PDGFRα or PDGFRb
expression with clinical outcome in human gastric adenocarcinoma are to the best of our knowledge not available.
As new multi-target tyrosine kinase inhibitor are emerging and enriching the therapy in various malignancies, our
aim was to define the expression pattern of target RTKs
in human gastric adenocarcinoma and thus elucidate a rationale for a possible new therapeutic strategy[22,23].

MATERIALS AND METHODS
Tissue source and storage
Tumour samples were obtained from 51 patients
undergoing elective surgery for gastric adenocarcinoma
at the University of Mainz between 2005 and 2006.
Specimens were conventionally stored in formalin for
consecutive histopathological analysis. In addition to
conventional processing of tissues in formalin for standard
analysis, small samples of each specimen were stored in
cryovials, shock frozen in liquid nitrogen immediately after
extirpation and stored at -80℃ until further processing.
Those tumour tissue originated from the centre of the
tumour. As control tissues, samples of healthy gastric
mucosa were collected from the margin of gastrectomy
specimens, performed due to non-malignant disease.
Informed consent was obtained before the respective
tissue was collected.
Immunohistochemistry
Paraffin-embedded tissue samples of normal gastric
mucosa and gastric adenocarcinoma were generously
provided by S Biesterfeld the Institute of Pathology,
University of Mainz and were screened for VEGFR1-3,
P D G F Rα /b a n d E G F R 1 p r o t e i n e x p r e s s i o n b y
immunohistochemistr y (Table 1). The tissues were
deparaffinized, rehydrated and subsequently incubated with
the respective primary antibody (Table 1). The secondary
antibody (anti-rabbit-mouse-goat-antibody) was incubated
for 15 min at room temperature, followed by an incubation
with strepavidin-POD (DAKO, Germany) for 15 min.
Antibody binding was visualized using AEC-solution
(Dako, Germany). Finally, the tissues were counterstained
by hemalaun solution (DAKO, Germany).
RNA isolation and RT-PCR
RNA isolation was performed using the RNeasy Kit
according to the manufacturer's recommendations
(Qiagen, Hilden, Germany). Transcription of b -Actin,
VEGFR1, VEGFR2, VEGFR3, PDGFRα , PDGFRb
www.wjgnet.com
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Table 1 Antibody characteristics
Target

Antibody

VEGFR1

Flt-1 (C-17)

Dilution Incubation
1:100

4h

VEGFR3

Flt-4 (C20)

1:200

2h

PDGFRα

PDGFRα
(C-20)

1:200

2h

PDGFRb

PDGFRb (28 E1)

1:200

2h

EGFR1

AM207-5ME

1:1

1h

Santa Cruz
Biotechnology,
CA, USA
Santa Cruz
Biotechnology,
CA, USA
Santa Cruz
Biotechnology,
CA, USA
Cell Signalling
Technology, MA, USA
BioGenex, CA, USA

and EGFR1 was analyzed by a two-step RT-PCR: reverse
transcription was performed with 2 μg of RNA (20 μL
total volume; Omniscript RT Kit, Qiagen) according
to the recommendations of the manufacturer. In total,
0.5 μL of the cDNA (50 ng) were used as template for
the specific PCR reactions. Primers applied were β -Actinforward: 5'-TGA CGG GGT CAC CCA CAC TGT GCC
CAT CTA-3' and reverse 5'-CTA GAA GCA TTT GCG
GTG GAC GAC GGA GGG-3' (661 base pairs (bp)
fragment), VEGFR1-forward: 5'-TGG GAC AGT AGA
AAG GGC TT-3' and reverse: 5'-GGT CCA CTC CTT
ACA CGA CAA-3' (394 bp), VEGFR2-forward: 5'-CAT
CAC ATC CAC TGG TAT TGG-3' and reverse: 5´-GCC
AAG CTT GTA CCA TGT GAG-3' (400 bp), VEGFR3forward: 5'-CCC ACG CAG ACA TCA AGA CG-3'
and reverse: 5'-TGC AGA ACT CCA CGA TCA CC-3'
(380 bp), PDGFRα -forward: 5'-CTC CTG AGA GCA
TCT TTG AC-3' and reverse 5'-AAG TGG AAG GAA
CCC CTC GA-3', PDGFRβ -forward: 5'-TCC TCA ATG
TCT CCA GCA CCT TC-3' and reverse 5'-ACC ACA
GTC TGC ACT GCG TTC-3' (547 bp) and EGFR1forward: 5'-TCT CAG CAA CAT GTC GAT GGA-3'
and reverse: 5'CGC ACT TCT TAC ACT TGC GG-3'
(474 bp). For amplification a DNA Engine PTC200 (MJ
Research, Watertown, MA) thermocycler was used. Cycling
conditions of the respective PCRs were as follows: initial
denaturation (4 min at 94℃) followed by the respective
number of cycles (β -Actin: 28, VEGFR1: 36, VEGFR2:
38, VEGFR3: 38, PDGFR α : 40, PDGFRb : 36 and
EGFR1: 38) of denaturation (1 minute at 94℃), annealing
(45 s; β -Actin: 52℃, VEGFR1: 60℃, VEGFR2: 62℃,
VEGFR3: 62℃, PDGFRα : 57℃, PDGFRb : 64℃ and
EGFR1: 60℃) and elongation (1 minute at 72℃). After
the last cycle a final extension (7 min at 72℃) was added
and thereafter the samples were kept at 4℃. Seven μL
of the product were run on a 1.8% agarose gel, stained
by ethidium bromide, and analyzed under UV light. The
evaluation of expression was performed semiquantitatively
according to following grades: negative: 0, weak: 1,
medium: 2, strong: 3.

RESULTS
Immunohistochemical staining of receptor tyrosine
kinases in gastric mucosa and adenocarcinoma
Negative controls of gastric mucosa and adenocarcinoma
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Figure 1 A: The IHC staining of
healthy gastric mucosa for VEGFR1-3,
P D G F R - α /b a n d E G F R1 . While
healthy gastric mucosa revealed a
significant EGFR1 and an intermediate
VEGFR2 expression in gastric
epithelial cells, all other RTKs exhibited
only faint to absent expression levels;
B: The exemplary transcription
profile of 10 gastric cancers and an
immunohistochemical analyses of an
adenocarcinoma specimen originating
from one patient. While VEGFR1,
VEGFR2, VEGFR3 and PDGFRα
revealed a predominantly cytoplasmatic
staining accompanied by an additional
nuclear staining for VEGFR3, EGFR1
was almost exclusively restricted to the
membrane of tumor cells. Stromal cells
revealed expression of PDGFRα and
PDGFRb .

8 9 10

VEGFR1
VEGFR2
VEGFR3
PDGFRa
PDGFRb
EGFR1
b-actin

remained negative for all samples. RTK expression in
healthy gastric mucosa varied from strong (EGFR) to
intermediate (VEGFR2) and barely detectable/absent
(VEGFR1, VEGFR3, PDGFRα ; PDGFRb , Figure
1A). Analyses by PCR revealed an additional VEGFR1
amplicon which could be ascribed to endothelial cells by
IHC staining (Figure 1A).
Cancer cells stained for VEGFR1, VEGFR2,
VEGFR3, PDGFRα and EGFR1, whereas stromal cells
stained for PDGFRα and PDGFRβ . VEGFR1, VEGFR2,
VEGFR3 and PDGFRα /b revealed a predominantly
cytoplasmatic as well as a weak membranous localisation,
whereas EGFR1 was almost exclusively fond on the
membrane (Figure 1B). An additional nuclear staining was
only seen for VEGFR3.
Receptor tyrosine kinase expression patterns
VEGFR1, VEGFR2, VEGFR3, PDGFRα , PDGFRb and
EGFR1 expression in gastric adenocarcinoma samples revealed varying transcription intensities. VEGFR1 expression was observed in 98% of all samples and varied from
strong (50%) to intermediate (34%) and weak (16%; Figure
2A). VEGFR2 expression was found in 80% of all gastric

carcinoma specimens and ranged from weak (39%), to intermediate (15%) and strong (46%). The overall expression
rate of VEGFR3 was 67% with a weak expression in 21%,
an intermediate expression in 35% and a strong expression
in 44%. PDGFRα expression was observed in 82% of all
samples. A strong PDGFRα-expression was found in 50%,
whereas 29% revealed an intermediate and 21% a weak expression. PDGFRβ expression was seen in 82% and varied
from weak (29%) to intermediate (29%) and strong (42%).
The expression rate of EGFR1 was 62% and varied from
weak (28%), to intermediate (36%) and strong (36%).
Receptor tyrosine kinase co-expression and correlation
with clinicopathological parameters
36% of samples revealed a coexpression of 6 receptors,
28% of 5 receptors, 14% of 5 receptors and only 34%
showed co-expression of 3 receptors or less (Figure 2B).
Co-expression of VEGFR1, VEGFR2 and VEGFR3 was
found in 63% of samples.

DISCUSSION
This is the first study analyzing the (co-)expression profile
www.wjgnet.com
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Figure 2 A: The expression profile of RTKs VEGFR1-3, PDGFRα/b and EGFR1
in human gastric adenocarcinoma; B: The co-expression rates of those RTKs.

of a series of receptor tyrosine kinases in human gastric
adenocarcinoma. We initiated this study while a series
of novel multi-target RTK-inhibitors are emerging and
enriching classical chemotherapy strategies in order to
estimate the benefit of such a therapy in gastric cancer.
Our analysis was based on the assumption that tumors coexpressing multiple RTKs are functionally more dependent
on ligand binding and more prone to deprivation of those
stimuli. RTKs most frequently targeted by available small
molecules were chosen for this analysis.
VEGFR1-3, PDGFRα /b and EGFR1 undergo phosphorylation following ligand binding resulting in tyrosine kinase activity and concomitant activation of RASRaf-MEK1/2-ERK1/2 pathways[12,13]. Depending on the
location of the RTK on tumor cells, endothelial cells or
pericytes, the consequences are tumor cell proliferation,
dissemination or angiogenesis.
VEGFR1 and VEGFR2 are expressed on endothelial
cells, whereas VEGFR3 is largely restricted to lymphatic
endothelial cells. While VEGFR1 expression in gastric
adenocarcinoma has been associated with tumor proliferation and dissemination[24], VEGFR3 expression has been
correlated with lymphatic dissemination in gastric adenocarcinoma[17]. In a recent study, VEGFR2 expression did
neither correlate with prognosis or dissemination in gastric
adenocarcinoma[25]. Several studies have proven the impact
of EGFR1 expression on poor survival not only in gastric adenocarcinoma [20,26]. PDGFRα expression has been
described by Tsuda and colleagues in 8 out of 15 gastric
adenocarcinomas analyzed, supporting our results[27]. No
further groups have reported on PDGFR α expression
in gastric adenocarcinoma, since. Data correlating the
www.wjgnet.com
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PDGFRα expression with clinical parameters in gastric
adenocarcinoma are not available. However, PDGFR α
expression and activating mutations have been reported in
gastrointestinal stromal tumors (GIST)[28]. Most interestingly, PDGFRα mutated GIST displayed an epitheloid or
mixed phenotype and were exclusively located in the stomach, whereas PDGFRα wildtype tumors also occurred in
the small bowel [29].
PDGFRb expression in gastric adenocarcinoma was
only described once in 1992 by Chung and colleagues
analyzing three tumor samples[30]. As to the best of our
knowledge, no data are available correlating PDGFRb expression with the clinical outcome of patients. However,
in other tumor entities such as Ewing sarcoma and breast
cancer, PDGFRα and PDGFRb expression strongly correlated with an invasive behaviour[31,32].
So far, analyses of coexpression patterns in human
malignancies have not been performed previously. Among
our patients the majority of gastric adenocarcinoma samples revealed an expression of VEGFR1-3 and PDGFRα/
PDGFRβ , whereas two thirds exhibited an EGFR1 expression.
As expected, PDGFRα and PDGFRβ staining was detected in the tumor stroma and can most likely be allocated
to pericytes. While PDGFRβ was restricted to stromal cells
only, PDGFRα expression could also be detected in cancer
cells. In contrast, VEGFR1-3 and EGFR1 expression was
restricted to tumor cells. Hence, tumor cells might engage
these RTKs in order to emerge to a proliferative and migratory phenotype.
PCR analyses might also amplify RTKs transcribed by
vascular and lymphatic endothelial cells or pericytes in the
tumor bed. However, as RTK-inhibitors target RTKs not
only on cancer cells, but also on endothelial cells and pericytes, differentiation of the origin of RTK-transcription
might be unneeded as RTK-inhibitors will impact on the
tumor bed as total.
Endocytosis and translocation of RTKs to the perinuclear rab4-, rab5- and rab11-compartments of receptor recycling has previously been reported for diverse membrane
receptors helping to explain the cytoplasmatic location
as a consequence of receptor-activation[33,34]. In addition,
VEGFR2 is held in an endosomal storage pool and can be
delivered to the plasma membrane upon induction [35].
M o s t s t r i k i n g l y, 6 4 % o f a l l c a n c e r s a n a l y z e d
expressed at least five out of six receptor-tyrosinekinases. Thus, the majority of cases revealed a high
frequency of RTK co-expression. In contrast, only 2%
of the specimens exhibited no RTK expression at all.
Co-expression of VEGF receptors 1-3 was found in 63%
of all samples, indicating a relevant role of the vascular
and lymphatic endothelial growth factor system in
gastric adenocarcinoma. In summary, we report the first
coexpression profile of target receptor-tyrosine-kinases in
a solid human malignancy.
These results might encourage the application of multiple-targeted RTK-inhibitors in gastric adenocarcinoma
as part of a multidrug therapy. In order to evaluate the
impact of multi-targeted RTK-inhibitors we currently ran
a phase Ⅱ study analyzing the benefit of Sunitinib [36], targeting the above analyzed RTKs in CPT-11 or Cisplatin re-
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fractory, disseminated gastric adenocarcinoma. Hereafter,
RTK co-expression will be correlated as well with clinical
and pathological parameters as with clinical response in
gastric adenocarcinoma patients.
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Abstract
AIM: To assess persistent symptoms and mortality in
a cohort of patients with severe (grade 3-4) radiation
enteropathy, 59 patients were followed up after 15-18
years.
METHODS: Fifty-nine patients were prospectively
enrolled by twelve surgical departments. Primary
malignant disease, radiation therapy and surgical
management were recorded at inclusion. The cause
of death or persistence of symptoms was examined in
public death records or by interview of survivors.
RESULTS: Thirty-nine patients had received radiation
therapy for gynaecological cancers, twelve for urological
cancers, four for gastrointestinal cancers and four for
other malignancies. Forty-five patients (76%) required
surgical intervention. Complications occurred in 11 (25%)
operated patients. Forty-seven patients had died at the
time of follow-up, seven (12%) died as a direct result
of radiation enteropathy, while radiation enteropathy
contributed to death in an additional seven patients. Four
of the twelve surviving patients suffered from chronic
debilitating symptoms of radiation enteropathy, while
three had moderate symptoms.
CONCLUSION: Patients with severe delayed radiation
enteropathy have a high risk of persistence of symptoms
after surgery. At least one in ten patients dies from
radiation-induced bowel injury.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The long-term prognosis of patients with severe intestinal
radiation injur y (radiation enteropathy) is not well
described. Many patients receive symptomatic treatment
of malabsorption, diarrhoea and abdominal pain, whereas
severe complications like bleeding, fistulas and obstruction
may require surgical inter vention. Compromised
vascularisation of fibrotic tissues contributes to an adverse
post-operative outcome and symptoms of radiation
enteropathy frequently persist after surgery. In this multicentre study, 59 patients with a diagnosis of severe
(EORTC/RTOG grade 3-4) radiation enteropathy were
prospectively enrolled on admission to surgical wards.
Details regarding primary tumor site, radiation therapy,
gastrointestinal symptoms, initial hospitalization, and
subsequent clinical outcome are described.

MATERIALS AND METHODS
During the period 1983-1987 the Norwegian Study Group
for Gastrointestinal Surgery (NORGAS) prospectively
enrolled 59 patients admitted to twelve surgical
departments because of severe radiation enteropathy. The
primary malignant disease, radiation treatment (RT) and
symptoms during RT, risk factors for delayed radiation side
effects, and the time from RT to clinical presentation of
enteropathy were recorded. At discharge from the hospital,
details regarding the surgical treatment, complications
and histopathological diagnosis were recorded. Followup after 15-18 years consisted of a review of the original
prospective data, patient charts, as well as records from
the National Public Statistical Services about main and
contributing causes of death. The twelve sur viving
patients were invited to a telephone interview by letter, to
be returned with their written consent. Their evaluation of
quality of life, health and everyday life consisted of direct
questions (e.g., how do you assess your health compared
with the time before RT?) to be answered by categories
(worse, unchanged, better, much better). Symptoms were
graded according to EORTC/RTOG[1]. The study was
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approved by the Regional Committee for Research Ethics.
Patient characteristics and radiation therapy
Fifty-nine patients (46 women, 13 men), mean age 63 years
(range 17-86), were enrolled during the period 1983-1987.
The primary malignant diagnoses for which the patients
had received radiation therapy were gynaecological cancer
(21 cervical cancers, 12 ovarian cancers and 6 endometrial
cancers), urological cancer (eight urinary bladder cancers,
two prostate cancers and two testicular cancers) and
other cancers (two colon cancers, two rectal cancers, two
cancers of unknown origin, one Ewings tumour and one
Wilms tumour). Possible risk factors for delayed radiation
enteropathy included hypertension and diabetes mellitus
(one or both) in six patients or a history of abdominal
surgery prior to the radiation therapy (36 patients). No risk
factor for radiation enteropathy was identified for eighteen
of the patients. Smoking history was not recorded. RT
had been given at four different hospital facilities up to 30
years previously (mean time between RT and admission
6 years, range 0-30). Twenty-two patients recalled having
had severe acute gastrointestinal symptoms during RT.
The latency period from RT to clinical presentation of the
symptoms that eventually led to hospitalisation was 3.5
years (mean), with a range from no symptom-free interval
to 29 years.
Twenty-two patients had been treated with external RT
alone, doses ranged from 36 Gy to 72 Gy (mean: 50.5 Gy).
Combination of external beam therapy and brachytherapy
had been used in 12 patients, and brachytherapy alone
in one patient. Four patients with ovarian cancers were
treated with intraabdominal instillation of radioactive
isotopes of colloidal gold (three patients) or phosphorous
(one patient). Three of these patients also received
external RT (two patients) or vaginal brachytherapy (one
patient). Detailed information about RT was missing in 20
patients. The external RT was typically delivered with 2 Gy
fractions, five days a week, treatment duration in the range
of 4-7 wk.

RESULTS
Symptoms and surgical treatment
The most frequent admitting diagnoses were bowel
obstruction (36 patients) or fistula (13 patients). Other
admitting diagnoses included free intestinal perforation
(five patients), bleeding (three patients), diarrhoea or
malabsorption (one patient each). The median length
of hospitalization was 19 d (range 2-67 d). Surgical
intervention was required during the initial hospitalization
in 45 patients (76%). The operations performed were:
resection (17 patients), Hartmanns' procedure (four
patients), bypass (seven patients), sigmoidostomy (six
patients), transversostomy (four patients), two other
enterostomas, three adhesiolysis, and two "other"
procedures. Fourteen patients were discharged without
surgery. Thirty-seven patients had the diagnosis of
radiation enteropathy confirmed by histopathological
examination (Figure 1). Histopathologic examination
revealed chronic radiation damage in the form of mucosal
congestion and oedema, erosions or ulcerations, sometimes

Figure 1 Photomicrograph of colonic resection specimen, taken with a light
microscope (HE, x 10). The image shows mucosa and submucosa. There is
partial mucosal necrosis with significant loss of tissue architecture in the mucosa.
In the lower right part of the picture, the mucosa is more intact. The submucosa
shows fibrosis and a patchy chronic inflammation in the form of aggregates of
lymphocytes.

necrosis of large areas of mucosa, chronic transmural
inflammation, or fibrosis. These alterations often appeared
in combination. Fibrosis typically was most pronounced
in the submucosa. The types of chronic changes were
similar in the small and the large intestine. When no
microscopic evaluation had been done, typical features
of macroscopic fibrosis and strictures were described
by the surgeon. Postoperative complications occurred in
eleven patients (24%). One patient died as a consequence
of surgery after two months of hospitalization. In this
patient, necrosis of a stoma necessitated two reoperations,
followed by bronchopneumonia (autopsy diagnosis).
Other complications were severe diar rhoea (three
patients), wound infection (two patients), delayed recovery
(two patients) or fistula, anastomotic leakage or wound
dehiscence (one patient each). Seven patients died within
six months after the operation; three due to radiation
enteropathy, two due to recurrence of the original
malignancy (gynaecological cancers), one of pneumonia
and one of stroke. The 14 patients that were discharged
without surgery were hospitalized because of partial bowel
obstruction (five patients), diarrhoea (five patients), fistula
(two patients) or gastrointestinal bleeding (two patients).
Mortality and morbidity
At the time of follow-up, 47 patients had died with a
mean observation time of 6 years (range 0-16). Main
causes of death according to the charts are shown in
Table 1. Radiation enteropathy was the direct cause of
death in seven patients. Modes of impact were shortbowel syndrome, malnutrition and fistula, or not
further described. Radiation enteropathy was listed as a
contributing cause of death in another seven patients (six
of whom had recurrent cancer).
Of the 12 long-time survivors, seven patients accepted
the invitation for a telephone interview. During the 15-18
years since being included in the prospective registry,
five had had one or more operations because of bowel
symptoms. Six had several hospital stays due to fistulas,
bowel obstruction, or other problems related to radiation
enteropathy. Two had permanent enterostomas, three
www.wjgnet.com
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Table 1 Main causes of death
Causes of death

n

Cancer
Radiation enteropathy
Cardiovascular disease
Pneumonia
Other
Lost to follow-up

21
7
7
3
6
3

felt restricted in daily life because of frequent and urgent
diarrhoea (grade 2-3), two had moderate defecation
problems and the one with normal defecations had severe
problems due to persistent fistulas (grade 4). Half of the
patients had changed their diet, avoiding fiber-rich food
(cabbage, citrus), six used dietary supplements and three
had a lower body weight than desired. All patients were
able to take a daily walk and did not spend daytime in bed.
Five assessed their health, total life situation or quality of
life as "worse" than before the RT while two answered
"unchanged". No patient chose the category "better".
Three patients frequently had worries due to their health
situation; e.g. stoma bags falling off fistula openings,
urgent need for a toilet or new hospital stays.

DISCUSSION
This study demonstrates unequivocally that severe delayed
radiation enteropathy continues to be a hazard to the
patients during their lifetime. Our findings that 7 of 59
patients eventually died as a direct cause of radiation
enteropathy, i.e., 12% mortality, is consistent with other
reports [2,3] and is likely an underestimate. Moreover,
radiation enteropathy was considered a contributing factor
in the deaths of another seven patients.
Radiation therapy, alone or combined with other types
of treatment, is given to 70% of all cancer patients. Cancer
specific survival is improved with higher radiation dose[4],
and technical improvements limit exposure of normal
tissues like the bowel. Nevertheless, delayed radiation
enteropathy continues to be a dose-limiting factor for
long-term uncomplicated cancer cure. Prevalence estimates
of moderate and severe late bowel effects varies from
5%-30%[5-9].
Reporting the extent of treatment related morbidity
and mor tality is essential for the prog ress of RT.
Commonly applied reporting systems for the side effects
of RT are RTOG/EORTC[1], and the Common Toxicity
Criteria version 2.0[10]. According to these systems, four of
our patients had severe or invalidating symptoms (grade
3-4) while three suffered from moderate problems 15-27
years after RT. With respect to the influence of symptoms
on patients' self-rated quality of life (QOL), our study did
not include baseline assessment or a validated instrument
to evaluate health-related QOL. The majority of patients
selected to enter our study had initially recovered
uneventfully from the RT, similarly to most patients
undergoing RT. However, when diagnosed with severe
radiation enteropathy, the unfavourable prospect of 12%
treatment-related mortality applies to this special group of
www.wjgnet.com

July 14, 2007

Volume 13

  Number 26

patients.
Predicting the risk of delayed radiation enteropathy
was one of the aims at inclusion of this study, focusing
on three proposed factors: surgery before RT, preexisting
cardiovascular disease, and severe acute GI symptoms
during RT. Previous surgery has been shown to increase
the risk of late GI toxicity, for example, after RT
for prostate cancer [8] . In a study comprising almost
3500 patients irradiated for advanced uterine cervical
carcinomas, smoking status was found to be a strong
predictor for delayed radiation effects of the intestines,
whereas hypertensive disease and diabetes were not [5].
Diabetes mellitus was not associated with late GI toxicity
following RT for prostate cancer[11]. Despite recall bias due
to a long time from RT to admission to surgical ward, 37%
of our patients confirmed having had severe GI symptoms
during RT. Clinical studies show increased risk of delayed
radiation enteropathy in patients who experience severe
acute GI symptoms during RT[6,9,11-15]. Preventing acute
symptoms could be a strategy to help reduce the risk of
delayed radiation effects, as, for example, attempted by use
of prostaglandin analogues or probiotics[16,17].
Radiation enteropathy can be eradicated by surgery in
some cases, but palliative surgical or medical interventions
are the option of choice for the majority of patients. Both
minimal and more extensive surgical interventions carry a
high risk of complications because of frequent widespread
enteropathy, poor healing, and nutritional derangement.
Anastomotic dehiscence and fistula formation are common
complications. Adequate resection of affected intestines
is recommended whenever possible [3,18]. However, an
atraumatic surgical technique and antibiotic prophylaxis
are strongly recommended to obtain successful healing of
previously irradiated tissues[19].
In conclusion, our study demonstrates that, while
operative intervention can cure selected patients with
delayed radiation enteropathy, surgery is associated
with a significant risk of complications and the long
term prognosis remains poor. At least 10% of patients
with a diagnosis of severe (grade 3-4) delayed radiation
enteropathy die as a direct result of the disorder and
most surviving patients suffer from chronic debilitating
symptoms that negatively influence their quality of life for
decades after RT. There is a need for continued efforts to
develop strategies to minimize the incidence and severity
of radiation-induced bowel injury.
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Abstract
AIM: To examine whether visceral fat is associated
with non-alcoholic steatohepatitis (NASH), to assess for
parameters associated with visceral adiposity and to
investigate for factors associated with fibrotic severity in
NASH.
METHODS: Thirty NASH and 30 control subjects
underwent biochemical tests, anthropometric
assessment, bioelectrical impedance, dual energy X-ray
absorptiometry and abdominal fat study by CT scan.
Liver biopsies were graded according to the Brunt
criteria.
RESULTS: NASH subjects had elevated blood pressure,
body mass index, waist circumference and waist-to-hip
ratio. A greater number of diabetes mellitus, impaired
glucose tolerance test and HOMA-IR > 3.5 were found
in NASH patients. HOMA-IR > 2.8 (OR 20.98, 95% CI
3.22-136.62; P < 0.001) and visceral fat area > 158
2
cm (OR 18.55, 95% CI 1.60-214.67; P = 0.019) were
independent predictors for NASH. Advanced stage of
NASH was found in 15 (50%) patients. HOMA-IR > 3.5
(OR 23.12, 95% CI 2.00-266.23; P = 0.012) and grading
of portal inflammation (OR 7.15, 95% CI 1.63-31.20; P =
0.009) were determined as independent risk factors for
advanced stage of NASH.
CONCLUSION: Obesity (especially central obesity) and
metabolic syndrome are common in Thai NASH. Insulin
resistance and elevated visceral fat are risk factors
for the presence of NASH. The advanced stage of the
www.wjgnet.com

disease is related to insulin resistance.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Non-alcoholic steatohepatitis (NASH) is characterized
by morphologic features indistinguishable from alcoholic
liver diseases in patients who do not consume significant
amount of alcohol[1,2]. Up to 20% of NASH progresses
to cirrhosis over approximately 5-7 years[3]. The incidence
of NASH and non-alcoholic fatty liver disease (NAFLD)
are on the rise because of the global epidemic of obesity
and type 2 diabetes mellitus[4]. From available data, the
prevalence rates of NAFLD and NASH in western
populations are in the range of 17%-33% and 5.7%-17%[5].
NASH and NAFLD are no longer considered strictly
western diseases since they have been identified in urban
areas around the world. Epidemiological studies in Asian
countries found that 9.3%-36.9% of patients had fatty
liver on ultrasound examination[6-8]. Metabolic syndrome,
which is defined by the guideline of the Adult Treatment
Panel Ⅲ (ATPⅢ) is prevalent in NAFLD and even more
so in NASH[9]. From cross-sectional studies of NAFLD
patients, obesity is found in 40%-100%, diabetes mellitus
in 21%-75% and hyperlipidemia in 21%-83%[3,10-12]. Few
studies have reported the association between features of
metabolic syndrome and NASH in Asian patients[7,13]. In
general, obesity is associated with NASH, nevertheless
some Asian patients with metabolic syndrome do not have a
high body mass index (BMI)[2]. Central (or visceral) obesity
seems to be more important than total body obesity[14].
Visceral fat is a precursor to the increased lipolysis and
free fatty acid characteristic of metabolic syndrome [14].
Furthermore, visceral fat is a potent modulator of insulin
action[14]. We therefore prospectively conducted a study to
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examine whether visceral fat is associated with NASH, to
assess for parameters associated with visceral adiposity and
to investigate for factors associated with fibrotic severity in
NASH.

MATERIALS AND METHODS
Patients
From 1 January 2004 to 31 December 2004, patients who
had chronic elevation of serum aspartate aminotransferase
(AST) and/or alanine aminotransferase (ALT) more than
1.5 x upper normal limit for at least 3 mo, but were negative
for hepatitis B or C viral markers, had no evidence of
autoimmune liver diseases, hemochromatosis or Wilson's
disease, as well as no history of herbal or potential
hepatotoxic drug use, alcohol drinking more than 20 g/d
in male and 10 g/d in female underwent percutaneous liver
biopsy. The patients who had liver histology consistent
with NASH based on the Brunt criteria[15] were invited for
study participation within 6 mo after liver biopsy. Controls
subjects that were age- and sex-matched with cases and
had negative history for liver diseases, diabetes mellitus,
hyperlipidemia, hypertension, and also had normal levels
of serum transaminase and normal liver as seen by
abdominal ultrasound, were recruited from the hospital
personals. The study protocol was approved by the
Hospital Ethical Committee and was carried out according
to the Helsinki Declaration guideline. Written informed
consent was obtained from study participants prior to the
study.
Biochemical tests
After fasting for 12 h, venous blood was taken for glucose,
insulin, total cholesterol, high-density cholesterol (HDL-C),
low-density cholesterol (LDL-C), triglyceride and uric acid.
Patients without diabetes mellitus and control subjects
underwent a 75-g oral glucose tolerance test (OGTT).
Diabetes mellitus and impaired glucose tolerance test
(IGT) were defined according to American Diabetes
Association guidelines[16]. The index of insulin resistance
was calculated on the basis of fasting glucose and insulin,
according to the homeostasis model assessment (HOMAIR), which was equal to fasting insulin (mIU/L) x fasting
glucose (mmol/L)/22.5[17].
Anthropometric and body fat assessment
The following anthropometric measurements were
obtained: height, weight, BMI, waist circumference (WC),
hip circumference (HC), waist-to-hip ratio (WHR) and
triceps skin fold. WC was measured at the midpoint
between the lower border of the rib cage and the iliac
crest, whereas HC was measured at the widest point
between hip and buttock. BMI was calculated by the
Quetlet index: weight in kilograms/height in meters
squared (kg/m2)[18]. According to modified criteria from
the Asia-Pacific guideline, obesity and overweight were
defined as follows: obese, BMI ≥ 25 kg/m2; overweight,
BMI 23 to 24.9 kg/m2, increased WC was defined as ≥ 90
cm in men and ≥ 80 cm in women, and increased WHR
was defined as ≥ 0.90 in men and ≥ 0.85 in women[4,19].
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Subjects were labeled as having metabolic syndrome by the
presence of 3 or more of the following modified criteria
of the ATPIII[9]: (1) fasting glucose ≥ 6.11 mmol/L; (2)
central obesity (or increased WC) (3) blood pressure ≥
130/85 mmHg or on treatment; (4) triglyceride level ≥
1.70 mmol/L or on treatment; and (5) HDL-cholesterol
< 1.04 mmol/L (men) and < 1.30 mmol/L (women).
Body composition was studied by bioelectrical impedance
(BIA) (Biodynamics Corp., Seattle, WA) based on the
conductance of a small alternating electrical current in
body water[20]. Total body fat, regional (abdominal and
thigh) fat and body composition were directly measured by
dual energy X-ray absorptiometry (DEXA) (GE Medical
Systems, Madison, WI) with 2 peak kilovoltages of 0 and
38 keV, filtration method and 150 µA[20]. Abdominal fat
distribution was assessed with a single-slice CT image at
the level of the umbilicus (or at the L4 spine) by a helical
CT scanner (GE Medical Systems, Milwaukee, WI) during
suspended respirations with 120 kv, 200 mA and 10 mm
slice thickness. The area of subcutaneous fat and visceral
fat were clearly defined with CT density in the range of
-150 to -50 Hounsfield units. The percentage of visceral
fat was derived from the formula of visceral fat/total fat x
100[21].
Histology assessment
Liver biopsy was prepared with hematoxylin and eosin
stain, and Masson trichrome stain. It was scored according
to the Brunt criteria[15]. Steatosis was graded from 0 to 3,
necroinflammation was graded from 0 to 3, ballooning
degeneration was graded as mild or marked, and fibrosis
was graded from 0 to 4 [15] . According to modified
criteria[22], NASH patients were categorized as having early
stage if bridging fibrosis and/or cirrhosis were absent
(stages 0-2) or as advanced stage if either of these features
were present (stages 3-4).
Statistical analysis
The study was designed to have a statistical power of 0.80
to detect an absolute difference of visceral fat area of
30 cm2 between the NASH group and the control group
with a two-sided significance level of P < 0.05. Given the
specified statistical power and a 1:1 ratio, enrollment of at
least 29 cases into each group was required. Continuous
variables were summarized as mean ± SD and categorical
variables as frequencies and percentages. Statistical analysis
of continuous variables was performed by Student's t-test
or non-parametric test as appropriate. χ2 or Fisher exact
test was used for analysis of categorical variables. The
odds ratio (ORs) and 95% confidence interval (CI) for
the risk factors of NASH were calculated using a logistic
regression model. Receiver operating characteristic curves
(ROC) analysis was used to explore appropriate cutoffs for
the continuous variables that do not have accepted cutoffs
for clinical importance, (e.g., visceral fat, insulin, HOMAIR levels for predictive factors of NASH; WHR, AST to
ALT ratio, HOMA-IR levels for risk factors associated
with the advanced stage of the disease). Variables with
P-value < 0.05 and having the highest likelihood ratio
among the same group were selected to enter stepwise
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Table1 Demographic data (means ± SD)

Mean age (yr)
Female (n, %)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Body mass index (BMI) (kg/m2)
BMI classification1 (n, %)
Normal
Pre-obesity
Obesity classⅠ
Obesity class Ⅱ
Triceps skin fold (mm)
Waist circumference (cm)
Waist to hip ratio
Fat mass (kg)
Abdominal fat (x 103, g)
Visceral fat area (cm2)
Subcutaneous fat area (cm2)
Visceral to total fat ratio
Visceral to subcutaneous fat ratio

NASH
(n = 30)
53.7 (7.0)
25 (83.3)
137.8 (15.6)
81.6 (7.5)
27.7 (3.9)

Control
(n = 30)
51.0 (6.7)
26 (86.7)
123.4 (16.5)
77.1 (9.7)
23.9 (3.3)

P -value

2 (6.7)
2 (6.7)
18 (60)
8 (26.7)
28.9 (6.0)
89.1 (8.9)
0.87 (0.1)
21.2 (5.1)
6.0 (1.4)
147.8 (38.7)
272.2 (85.1)
0.36 (0.09)
0.60 (0.23)

12 (40)
8 (26.7)
9 (30)
1 (3.3)
25.0 (6.5)
76.4 (8.0)
0.81 (0.1)
15.8 (4.5)
3.8 (1.5)
92.9 (29.9)
189.7 (64.9)
0.34 (0.10)
0.55 (0.33)

< 0.001

0.001
0.048
< 0.001

0.02
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Table 2 Biochemical tests (means ± SD)
NASH
70.9 (40.4)
116.1 (45.2)
0.6 (0.2)
6.8 (2.8)
108.6 (55.0)
4.8 (3.7)
5.4 (0.9)
3.4 (0.9)
1.2 (0.3)
1.7 (0.7)
317.4 (83.8)

Control
19.9 (5.6)
35.2 (9.7)
0.6 (0.2)
5.0 (0.4)
38.6 (20.7)
1.2 (0.7)
5.1 (0.5)
3.6 (0.4)
1.2 (0.3)
0.8 (0.5)
263.5 (53.9)

P -value
< 0.001
< 0.001
0.02
< 0.001
< 0.001

< 0.001
0.01

NASH: non-alcoholic steatohepatitis.

multivariate logistic regression analysis. Data analysis was
performed with Stata version 9.0. A P-value < 0.05 was
taken as statistically significant.

RESULTS
During the study period, 47 patients who had chronic
elevation of serum transaminase with negative result
of investigations underwent percutaneous liver biopsy.
The pathological diagnosis of NASH was confirmed in
31 patients. All of NASH patients except one case who
refused to participate with the research were included in
the study. Demographic data of 30 NASH patients and 30
control subjects are shown in Table 1.
Comparison between NASH and control subjects
NASH subjects had elevated systolic and diastolic blood
pressure; hypertension was found in 15 (50%) NASH and
4 (13.3%) control participants. BMI, triceps skin fold, WC
and WHR of NASH subjects were greater than those of
control subjects (Table 1). Twenty-six (86.7%) of NASH
www.wjgnet.com
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Table 3 Univariate analysis for predictive factors of NASH

NASH: non-alcoholic steatohepatitis. 1By the definition of Asia BMI.

AST (IU/L)
ALT (IU/L)
AST/ALT
Glucose (mmol/L)
Insulin (pmol/L)
HOMA-IR
Cholesterol (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
Triglyceride (mmol/L)
Uric acid (µmol/L)

July 14, 2007

Factor
Hypertension
Body mass index (kg/m2)
Triceps skin fold (mm)
Waist circumference (cm)
Fat mass (kg)
Visceral fat area > 158 (cm2)
Subcutaneous fat area (cm2)
Glucose (mmol/L)
Insulin > 11.9 (pmol/L)
HOMA-IR > 2.8
Triglyceride > 1.70 (mmol/L)
Uric acid (µmol/L)

Odds ratio
6.50
1.38
1.11
1.18
1.28
19.33
1.01
2.88
58.00
38.50
19.33
1.97

95% CI
1.82-23.21
1.14-1.67
1.01-1.21
1.09-1.29
1.11-1.47
2.31-161.55
1.01-1.02
1.29-6.43
6.87-489.58
7.41-199.87
2.31-161.55
1.12-3.47

P -value
0.004
0.001
0.024
< 0.001
0.001
< 0.001
0.001
0.01
< 0.001
< 0.001
0.006
0.019

had BMI consistent with the definition of obesity by
the Asian-Pacific guideline compared with 10 (33.3%)
from the control group (P < 0.001). Mean fat mass and
percentage of fat mass of NASH were greater than those
of the controls. The amount of thigh fat mass was not
different between the two groups. The elevated fat mass
was contributed primarily by abdominal fat mass which
was greater in NASH patients than control subjects (6.0 ±
1.4 vs 3.8 ± 1.5 kg, P < 0.001). Although NASH patients
had more visceral and subcutaneous abdominal fat than
controls, the percentages of visceral fat of the NASH
group were not elevated. Mean AST, ALT, fasting glucose,
insulin, HOMA-IR, triglyceride and uric acid levels were
all higher among the NASH group than the control group
(Table 2). Fifteen (50%) members of NASH had HOMAIR > 3.5 but none of controls had elevated HOMA-IR.
Impaired glucose tolerance test and diabetes mellitus was
more common in NASH (P < 0.001). Metabolic syndrome
was found in 19 (63.3%) NASH and 2 (6.7%) control
groups (P < 0.001). An elevated triglyceride level was
found in 12 (40%) NASH and 1 (3.3%) control groups.
ROC analysis was applied and found that the cutoff
values for the 3 continuous variables based on ROC
were > 158 cm2 for visceral fat area, > 11.9 pmol/L for
insulin level, > 2.8 for HOMA-IR and > 1.7 mmol/L for
triglyceride level based on the ATPIII guideline[9]. Visceral
fat area > 158 cm2 yielded a sensitivity of 40%, a specificity
of 96.7% and a positive likelihood ratio (LR+) of 12.
Insulin level > 11.9 pmol/L yielded a sensitivity of 66.7%,
a specificity of 93.3% and a LR+ of 10. HOMA-IR > 2.8
yielded a sensitivity of 73.3%, a specificity of 93.3% and
a LR+ of 11. The risk of the development of NASH is
shown in Table 3. Twelve variables; hypertension, BMI,
triceps skin fold, waist circumference, fat mass, visceral fat
area, subcutaneous fat area, glucose, insulin, HOMA-IR,
triglyceride, and uric acid were significantly associated with
NASH by univariate analysis. To avoid multi-colinearity,
only seven variables (i.e. hypertension, BMI, visceral fat
area > 158 cm2, insulin level > 11.9 pmol/L, HOMA-IR
> 2.8, triglyceride > 1.7 mmol/L and uric acid level) were
included in stepwise multivariate logistic model. Among
them, HOMA-IR > 2.8 and visceral fat area > 158 cm2
were independently associated with NASH with ORs of
20.98 (95% CI, 3.22-136.62; P < 0.001) and 18.55 (95%
CI, 1.60-214.67; P = 0.019), respectively.
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Table 4 Correlation of visceral fat with anthropometric and
metabolic parameters
Parameter
Systolic blood pressure
Diastolic blood pressure
Body mass index
Abdominal fat
Glucose
Insulin
HOMA-IR
Triglyceride

Correlation coefficient (r )
0.31
0.35
0.66
0.74
0.39
0.47
0.47
0.38

P -value
0.02
0.006
< 0.001
< 0.001
0.002
< 0.001
< 0.001
0.003

Correlation of visceral fat by CT scan with anthropometric
and metabolic parameters
The correlation between visceral fat and systolic blood
pressure, diastolic blood pressure, BMI, abdominal fat,
fasting glucose, insulin, triglyceride and HOMA-IR levels
are shown in Table 4. BMI and abdominal fat distribution
were the two most powerful factors relating to visceral fat
area.
Histological distribution of NASH and risk factors
associated with advanced stage of NASH
According to the Brunt criteria for grading and staging
of NASH[15], 9 (30%) had steatosis < 33%, 12 (40%) had
steatosis 33%-66% and 9 (30%) had steatosis > 66%; 19
(63.3%) had mild ballooning degeneration and 11 (36.7%)
had marked ballooning degeneration. Nineteen (63.3%)
had grade 1 NASH, 5 (16.7%) had grade 2 and 6 (20%)
had grade 3. One (3.3%) had stage 0, 7 (23.3%) had stage
1, 7 (23.3%) had stage 2, 14 (46.8%) had stage 3 and
1 (3.3%) had stage 4. All in all, there were 15 (50%) in
advanced stages of NASH.
The cutoff values for the 3 continuous variables based
on ROC were > 0.88 for WHR, > 0.65 for AST to ALT
ratio and > 3.5 for HOMA-IR. WHR > 0.88 yielded a
sensitivity of 60%, a specificity of 80% and a LR+ of 3.
AST to ALT ratio > 0.65 yielded a sensitivity of 53.3%,
a specificity of 86.67% and a LR+ of 4. The risk of
advanced stage NASH was estimated and is shown in
Table 5. The variables for further stepwise multivariate
logistic analysis were AST to ALT ratio > 0.65, HOMAIR > 3.5, grading of portal inflammation and grading of
NASH. The multivariate analysis revealed that HOMAIR > 3.5 and grading of portal inflammation were
independently associated with advanced stage NASH with
ORs of 23.12 (95% CI, 2.00-266.23; P = 0.012) and 7.15
(95% CI, 1.63-31.20; P = 0.009), respectively.

DISCUSSION
The incidence of NASH is increasing worldwide due to
the global epidemic of metabolic syndrome and insulin
resistance-related diseases (e.g. obesity and type 2 diabetes
mellitus)[2]. There have been a few reports of metabolic
and anthropometric study of NASH among Asians[7,13].
In this study, obesity, diabetes mellitus, hypertension and
an elevated triglyceride level were found in 26 (86.7%), 15
(50%), 15 (50%) and 12 (40%) NASH patients which agree
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Table 5 Univariate analysis for risk factors of advanced stage of
NASH
Factor
Waist-to-hip ratio > 0.88
AST/ALT ratio > 0.65
HOMA-IR > 3.5
Grading of portal inflammation
Grading of NASH
Grading of steatosis

Odds ratio
4.57
12.25
7.56
4.3
4.0
1.02

95% CI
0.90-23.14
1.27-118.36
1.50-38.15
1.31-14.08
1.18-13.51
0.38-2.73

P -value
0.03
0.014
0.016
0.026

well with the findings from previous studies[3,10-2]. Although
86.7% of NASH subjects were obese, the high BMI was
not associated with the presence of NASH by adjusted
multivariate analysis. Visceral or central obesity defined by
elevated WC was detected in 24 (80%) NASH subjects.
Visceral fat, a precursor of increased lipolysis and elevated
free fatty acid flow and metabolism, is believed to be a
more important factor in causing insulin resistance than
overall obesity or subcutaneous fat[14,23]. It may be more
favorable to pay attention to visceral adiposity in stead of
overall obesity and encourage the combining use of BMI
and WC in clinics[14]. This study reveals the relationships of
visceral fat, obesity and metabolic syndrome. Visceral fat,
as expected, has the highest correlation with abdominal
fat and BMI. More than 50% of NASH patients fulfilled
the criteria of metabolic syndrome. Features of metabolic
syndrome, which is hyperinsulinemia or insulin resistance,
are prevalent in NAFLD and NASH from previous
reports[24,25]. Fasting insulin and glucose levels are used to
construct the relatively crude but practically useful HOMAIR which correlates closely with the euglycemic clamp
technique[26,27]. The cutoff HOMA-IR at 3.5 is an accurate
indicator of insulin resistance reported previously[28]. In
this study, elevated HOMA-IR represented by HOMAIR > 2.8 and visceral fat area defined by visceral fat > 158
cm2 are independent predictors of the presence of NASH
in Thai patients. The cutoff levels for HOMA-IR and
visceral fat area in NASH patients, especially in Asians,
have never been reported.
Of 30 NASH patients, 15 (50%) were diagnosed as
having advanced stages of the disease. The study revealed
that HOMA-IR > 3.5 and grading of portal inflammation
were independent risk factors relating to the advanced
fibrotic stage of the disease. From previous studies, risk
factors identified as predictors for the development of
progressive fibrosis and cirrhosis among NASH patients
include obesity (or BMI), diabetes mellitus, old age,
hypertension, AST to ALT ratio, triglyceride level and
insulin resistance index by QUICKI[12,28]. The high number
of advanced stage in this study may be due to the selection
bias at the time of liver biopsy prior to the study.
One of the limitations of our study is that the number
of NASH and control subjects is rather small. Further
studies with larger number of study subjects are required
to get the more accurate cutoff levels of visceral fat area
and HOMA-IR. Moreover, we found it difficult to find
BMI-matched control subjects who did not have any
parameter of metabolic syndrome. There were 2 cases
(6.7%) in the control group who were found to have the
www.wjgnet.com
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criteria of metabolic syndrome after they were recruited
into the study. From this study, though an inordinate
number of female subjects predominate in this study, we
cannot make a conclusion that the development of NASH
has a sex preference since the study was carried out in a
referral-based center.
In conclusion, obesity (especially central obesity) and
metabolic syndrome features are common in Thai NASH.
Insulin resistance and elevated visceral fat are risk factors
for the development of NASH. The progression of the
disease is related to insulin resistance.
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INTRODUCTION
Abstract
AIM: To analyze the gene expression profiles of mice
livers injured by Leigongteng and explore the relationship
between the differentially expressed genes and liver
damage.
METHODS: The experimental mice were randomly
divided into a control group and a liver-injured group in
which the mice were administrated 33 μg of triptolide/
kg per day for 30 d. Liver mRNAs were extracted from
animals in both groups and were reverse-transcribed to
cDNA with dUTP labeled by different fluorescence (Cy3,
Cy5) as hybridization probes. The mixed probes were
hybridized with oligonucleotide microarray chips. The
fluorescent signal results were acquired by scanner and
analyzed with software.
RESULTS: Among the 35 852 target genes, 29 genes
were found to be significantly differentially expressed,
with 20 genes up-regulated and 9 genes down-regulated.
The reliability of the differentially expressed genes was
validated by RT-PCR experiments of 5 randomly selected
differentially expressed genes.
CONCLUSION: Based on the biological functions of
the differentially expressed genes, it is obvious that the
occurrence and development of liver damage induced by
Leigongteng in mice are highly associated with immune
response, metabolism, apoptosis and the cell skeleton
of liver cells. This might be important for elucidating
the regulatory network of gene expression associated
with liver damage and it may also be important for
discovering the pathogenic mechanisms of liver damage
induced by Leigongteng.

Tripterygium wilfordii Hook.f., which is called Leigongteng in
Chinese traditional medicine, is a type of euonymus plant
and is widely used to treat autoimmune diseases, such as
rheumatoid arthritis, chronic nephritis, ankylosing spondylitis and various dermatoses. It also has other functions,
such as anti-inflammatory, anti-tumor, and anti-fertility
functions[1,2], and has special efficacy in ocular diseases,
such as White Behcet's disease, Raiter syndrome, scleritis
and severe uveitis. Additionally, Leigongteng is promising
as an anti-rejection application after organ transplantation.
Leigongteng plays a role in the treatment, to some extent, by inhibiting cell-mediated immune responses.
Triptolide is the main active ingredient of Leigongteng,
and also the major toxic component. During the past 50
years, the poisoning incidents caused by Leigongteng and
its related drug were reported frequently[3], and the adverse
effects were mainly damage to the reproductive system,
blood circulation system, digestive system and urinary system. Liver function abnormalities, liver intumescence and
an increase in alanine transaminase (ALT) activity were
often seen in the poisoned patients. Therefore, Leigongteng's clinical application is limited due to low safety. Liver
toxicity associated with Leigongteng has been verified by
conventional pharmacological experiments and clinical
observations, however, it is still necessary to search for the
mechanism of liver injury on a molecular level.
Microarray techniques developed in the last decade
with properties of high throughput, minisize and automation, are ideal technical platforms for toxicological
research. Microarray technology has been widely used for
assessment of environmental harm and drug safety[4-7].
Our group has used microarray techniques to study the
gene expression of some typical synthetic chemicals and
Chinese traditional drugs, and we have analyzed the corwww.wjgnet.com
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relation between liver injury and differentially expressed
genes[8-10]. In the present work, complete mouse genome
oligonucleotide microarrays were used to compare the
gene expression profiles of mice livers between control
and Leigongteng-treated groups. We also analyzed the
mechanisms for key differentially expressed genes and liver
injury induced by Leigongteng.

MATERIALS AND METHODS
Apparatus and chemicals
Crystal core® CAP-F0006 mice genome oligonucleotide
microarrays (35 852 Oligo DNA of 70 mer in length,
which come from the mice Oligo library of Operon Corporation) and a LuxScan 10KA dual-channel laser scanning device were purchased from CapitalBio Corporation,
Beijing. GenePix Pro 4.0 image processing software was
purchased from Axon Instruments Corporation. Tripterygium tablets were purchased from 999 Huangshi Pharmaceutical Corporation, China (batch number: 050 704, 33 μg
of triptolide in each pill). Assay reagents for determining
ALT, aspartate aminotransferase (AST), alkaline phosphatase (AKP), and total protein (TP) were all purchased
from Nanjing Jiancheng Bioengineering Institute, China.
The Experimental Animal Center of Hubei University
permit number for using experimental animals was SYXK
2005-0035.
Animal experiments
36 SPF level Kunming mice (male, weight 20 ± 2 g, provided by Hubei Laboratory Research Animal Center, permit number: SCXK 2003-0005) were randomly divided
into a Leigongteng-treated group and a control group,
each containing 18 mice. The mice of the Leigongtengtreated group were given, by intragastric infusion, the
suspended liquid of tripterygium tablet every morning in
a dosage of 0.2 mL/10 g body weight (equal to 10 times
the adult dose). Each milliliter of the above suspended
liquid contained 0.33 μg triptolide. The mice of the control group were given, by intragastric infusion, the same
volume of saline daily. After 30-d administration, 12 mice
were randomly selected from each group to withdraw
blood samples from the inner palpebrale angle, with the
eyeball removed for determining serum ALT, AST and
AKP. The liver and spleen indices were calculated, some
liver tissues from the left section were taken and fixed in
10% formaldehyde solution for pathological observation,
and 1% homogenate of the remaining liver tissues was
taken for testing total protein. The other six mice in each
group were used for microarray experiments.
Liver gene expression profiles
RNA extraction and probe preparation: For each of
the remaining six mice in each group, 100 mg of liver tissue from the left section was taken to extract total RNA
by a modified one-step method[11]. The quality of total
RNA was checked by denaturing agarose gel electrophoresis in formaldehyde. The total RNAs were taken equally
from each sample and mixed, then reversely transcribed
to cDNA, followed by labeling according to the method
reported by Schena[12,13]. The labeled cDNAs were used as
www.wjgnet.com
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probes to hybrid with Crystal core® CAP-F0006 mice genome oligonucleotide microarrays. The microarray experiment was an obversely labeled experiment if the probes
of the Leigongteng-treating group and control group were
labeled with Cy5-dUTP and Cy3-dUTP, respectively.
Otherwise, the microarray experiment was a reversely
labeled experiment. Two obversely labeled chips were used
for a repeat experiment to avoid false positive results. One
reversely labeled chip was used to avoid the deflection of
the fluorescence label of Cy5 and Cy3[14].
Microarray hybridization: Labeled probes were isometrically dissolved in 30 μL of hybridization solution
(3 × SSC, 0.2% SDS, 5 × Denhardt's solution, 25% formamide), then hybridized with an oligonucleotide microarray chip at 42℃ overnight. After hybridization, the oligonucleotide microarray chips were washed first in 0.2% SDS
and 2 × SSC at 42℃ for 5 m, then in 0.2 × SSC for 5 m at
room temperature.
Hybridization signal analysis: GenePix Pro 4.0 software
was used to transform the image signals of the chip into
digital signals, and then the digital signals were normalized
by using the Lowess method[15]. The genes that were compatible with the following three conditions were judged to
be differentially expressed genes: (1) signal value ≥ 800,
(2) Ratio ≥ 2.0 or ≤ 0.5, and (3) the tendency of gene expression was consistent on the above three chips.
Experimental verification of differentially expressed
genes: To verify the authenticity of the differentially
expressed genes mentioned above, five of them, such
as Sult5a1, Lcn2, Mt1.Clrfa and Hamp, were randomly
selected for RT-PCR verification by using GAPDH as a
control. The RT-PCR product abundance of each of the
mentioned 5 genes was determined by agarose gel electrophoresis.

RESULTS
Animal experiments
General Observation: Compared with the control group,
the mice of the Leigongteng-treated group were observed
to have worse appetites, weaker activities, dark hair, and
slower increases in body weight.
Liver index and biochemical assays: Compared with
the control group, the liver index, spleen index, and serum
ALT, AST, and AKP activities of the mice in the Leigongteng-treated group were significantly increased, and liver
TP levels were significantly lower (Table 1).
Histopathological observation: Compared with the
control group, it was observed in the Leigongteng-treated
group that liver cells were extremely swollen, cytoplasts
were loosened, cytosolics were colored lightly, the hepatic
plates were fractured, hepatic cords were disordered,
hepatic cells were fused and dissolved, karyon were condensed, obvious vacuolar and balloon-like changes were
observed, and there was also considerable inflammationrelated cell infiltration (Figure 1).
Microarray tests
The quality of total RNA: The ratios of A260/A280
in the total RNA ranged from 1.8 to 2.2, indicating the
RNA was quite pure. The results of gel electrophoresis are
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Table 1 Physiological and biochemical indices (mean ± SD, n = 12)

Control group
Leigongteng group

Liver index

Spleen index

ALT (U/L)

AST (U/L)

AKP (U/L)

TP (g/L)

4.31 ± 0.14
5.30 ± 0.20b

0.27 ± 0.01
0.33 ± 0.04b

35.35 ± 4.22
48.71 ± 11.57b

39.29 ± 4.33
48.25 ± 12.27a

295.31 ± 43.84
367.42 ± 32.84b

1.42 ± 0.10
1.09 ± 0.08b

liver index: 100 × weight of live/weight of body, spleen index: 100 × weight of spleen/weight of body. aP < 0.05, bP < 0.01.
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Figure 1 Microscope graphs of mice liver slices. A: control group; B: Leigongteng
group (HE, × 200).
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RT-PCR results
According to the results of RT-PCR experiments, the
abundances of five randomly selected differentially expressed genes (Sult5a1, Lcn2, Mt1, Clrf, Hamp) are shown
in Figure 4. Based on the results of the chip experiment,
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shown in Figure 2. There were two clear bands standing
for 28S rRNA and 18S rRNA, which indicated that the extracted mRNA was integral, since the 28S rRNA band was
almost two times brighter than the 18S rRNA band.
Differentially expressed genes: Figure 3 shows the
schematic plots for signals of the chip hybridization experiment. The horizontal and vertical axes represent the
fluorescence signals of the control group and the Leigongteng group, respectively. Each spot stands for hybridization
signal for each gene in the microarray. The red and green
spots distributed in the ranges of slope > 2.0 and of slope
< 0.5, representing differentially expressed genes. The
black spots distributed in the range of slope 0.5-2, representing genes that were not differentially expressed.
Compared with the control group, there were 29 differentially expressed genes in the Leigongteng-treated group.
Among them, 20 genes were up-regulated and 9 genes
were down-regulated, and 27 genes were function-known
genes, which could be divided into groups according to
their biological functions (Table 2).
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Figure 2 Total RNA showed by agarose gel electrophoresis. Na-Nf: control group,
La-Lf: Leigongteng-treating group.
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Figure 3 Scatter plot analysis of expression ratio. A and B: obversely labeled
microarray; C: reversely labeled microarray.

Lcn2, Mt1, and Clrf were significantly up-regulated, while
Sult5a1 and Hamp were significantly down-regulated in
the Leigongteng-treated group. The RT-PCR experiment
www.wjgnet.com
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Table 2 Differentially expressed genes of liver tissue in the
Leigongteng group

Metabolism

GenBank
access
number
AB059 565
NM_032 541
L38 990
AY273 812
NM_013 786
BC010 769
BC013 476

BC018 263

CA478 631
BC050 123
AK005 018
BC061 489
NM_010 738
Immune
response

AA285 471
NM_011 318
M31 418
NM_009 117
BC052 495
BG917 714

Names of the genes
aldo-keto reductase family 1,
member C18 (Akr1c18)
hepcidin antimicrobial peptide
(Hamp)
glucokinase (Gck)
3-ketoacyl-CoA thiolase B
(MGC29 978)
hydroxysteroid (17-beta)
dehydrogenase 9 (Hsd17b9)
apolipoprotein A-IV (Apoa4)
cytochrome P450, family 4,
subfamily a, polypeptide 10
(Cyp4a10)
cis-retinol/3alpha hydroxysterol
short-chain dehydrogenase-like
(CRAD-L)
metallothionein 1 (Mt1)
asparagine synthetase (Asns)
H-2 class II histocompatibility
antigen, E-B beta chain precursor
Ia-associated invariant chain (Ii)
lymphocyte antigen 6 complex,
locus A (Ly6a)
Lymphocyte antigen Ly-6F.1
precursor
serum amyloid P-component
(Apcs)
interferon activated gene 202B
(Ifi202b)
serum amyloid A 1 (Saa1)
Serum amyloid A-1 protein
precursor
lipocalin 2 (Lcn2)

NM_011 315 serum amyloid A 3 (Saa3)
Cell skeleton BI247 008

orosomucoid 2 (Orm2)

Cy5/Cy3
(average)
0.226
0.354
0.412
0.445
2.277
2.759
2.948

2.988

4.404
5.031
0.243
0.311
2.257
2.318
2.657
2.823
3.763
5.467
8.587
13.1
2.132

NM_145 594 fibrinogen-like protein 1 (Fgl1)

2.823

Receptors

BC054 522

transferrin receptor (Tfrc)

2.817

Apoptosis

AK051 011

DNA fragmentation factor alpha 4.042
subunit (DNA fragmentation factor
45 kDa subunit) (DFF-45)

pleckstrin homology-like domain,
family A, member 1 (Phlda1)
NM_011 817 growth arrest and DNA-damageinducible 45 gamma (Gadd45g)
BC050 858
Cancer
RasGEF domain family, member
related genes
1B (Rasgef1b)
Unknow
NM_183 257 RIKEN cDNA 1810 073K19 gene
(1 810 073K19Rik)
NM_025 326 RIKEN cDNA 0 610 011I04 gene
(0 610 011I04Rik)
U44 088

0.297
0.214
2.311
0.368
2.421

showed that the change tendencies were consistent in the 5
genes. These results verified that the genes identified in the
chip experiments were differentially expressed.

DISCUSSION
Assessing the pre-clinical safety of Chinese traditional
medicine is an important topic that needs to be resolved in
modern Chinese medicine. The liver is the most important
organ for the metabolism of drugs and xenobiote, and also
www.wjgnet.com
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Figure 4 RT-PCR analyses of 5 differentially expressed genes.

is an important target organ affected by toxicants. Hence,
the toxicity of Chinese traditional medicine on the liver
has significant meaning in pre-clinical safety assessments.
The efficacy and toxic side effects of Chinese traditional
medicines are inevitably related to key gene expression or
gene network regulation either directly or indirectly. Exceptional changes in mRNA levels of the related functional
genes in specific cells should be very valuable in assessing
cell toxicity and toxic mechanisms associated with Chinese
traditional medicine.
This study indicated that Leigongteng has an important
impact on functional gene expression in mice liver. Here
we focused on the correlation between differentially expressed genes and liver injury associated with Leigongteng.
Compared to the control group, there were 10 differentially expressed genes related to metabolism in
the Leigongteng-treated group. Among them, genes
AB059 565, L38 990, AY273 812 and NM_032 541 were
down-regulated, while genes NM_013 768, BC010 769,
BC013 476, BC018 263, CA478 631 and BC050 123 were
up-regulated. According to the literature, exogenous drugs
or toxic injury can lead to lipid peroxidation (LPO) of
liver cells and damage to mitochondrial function, ultimately leading to cell swelling, degeneration and necrosis.
Metallothionein protein is mainly synthesized in the liver
and has very high clearance ability on O2 radicals and H
radicals, and stress reaction is the key factor in controlling the expression of metallothionein protein[16]. The upregulated expression of the metallothionein protein gene
(Mt1), labeled CA478 631, indicated that there was a resistance response to oxidative damage in injured liver cells.
Glucokinase is a type of speed limit enzyme regulating
glucose metabolism to maintain the steady-state of blood
glucose. The glucokinase gene (Gck), labeled L38990, was
down-regulated. 3-ketoacyl-CoA thiolase B is a type of mitochondrial enzyme that regulates the metabolism of fatty
acid and the oxidation of glucose. The gene of 3-ketoacylCoA thiolase B (MGC29 978), labeled AY273 812, was
also down-regulated. The down-regulated expression of
these genes that are related to glucose metabolism may
be one of the reasons for mice growth slowness induced
by administrating Leigongteng. Apolipoprotein A-Ⅳ, encoded by gene Apoa4 labeled BC010 769, is the ligand of
a high-density lipoprotein receptor and it plays an important role in maintaining the structure of lipoprotein and
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lipid transfer in the process of lipid metabolism. The upregulated expression of BC010 769 may be responsible for
stress and regulatory feedback in the injured liver. Aldoketo reductase family 1, number C18, encoded by gene
AB059 565, is an important enzyme in lipid metabolism.
The down-regulated expression of AB059 565 indicates
that there was metabolic inhibition of fatty acid in the
injured liver, and this may be closely related to the fatty
degeneration shown in the liver biopsy. The up-regulated
expression of hydroxysteroid (17-beta) dehydrogenase 9
gene (Hsd17b9), labeled NM_013 786, is commonly found
in liver cancer and is caused by a variety of toxicants[17]. Its
up-regulated expression in the Leigongteng-treated group
indicates that there was risk of carcinogenesis in the liver.
Hepcidin antimicrobial peptide is an extremely important
iron-regulating hormone that controls intestinal iron absorption and iron homeostasis in vivo. The down-regulated
expression of hepcidin antimicrobial peptide gene (Hamp),
labeled NM_032 541, suggested that the liver injury may
be associated with a metabolic disorder of iron. In addition, the cytochrome P450 gene (BC013 476), short-chain
dehydrogenase gene (BC018 263), metallothionein gene
(CA478631) and asparagine synthetase gene (BC050123)
were all up-regulated. The abnormal expression of the
above 10 genes indicates that metabolism in liver cells was
disturbed in the Leigongteng-treated group.
There are also 10 differentially expressed genes associated with immune processes. Among them, the genes of
lymphocyte antigen 6 complex, locus A (NM_010 738),
lymphocyte antigen Ly-6F.1 precursor (AA285 471), interferon activated gene 202B (M31 418), like protein amyloid
P component (NM_011 318, NM_009 117, NM_011 315,
BC052 495), lipocalin 2 (BG917 714) were all up-regulated,
while the genes of Ia-associated invariant chain (Ii), labeled BC061489, and H-2 class Ⅱ histocompatibility antigen, labeled AK005018, were down-regulated. The upregulated expression of the above 8 genes is associated
with inflammatory reactions in liver tissue, which is also
the detoxic emergency response induced by the administration of Leigongteng. Therefore, the inflammation of
liver cells may be an important cause of the damage induced by Leigongteng in mice liver[18]. The down-regulated
expression of Ii and H-2 genes was related to the injury
effect of immune mechanisms caused by drugs. The major
histocompatibility complex of mice (MHC), encoded by
the H-2 gene and expressed by antigen presenting cells[19],
can activate the immune response by presenting antigen
to T helper cells and this plays an important role in the
identification and removal of the external and internal antigen[20]. The down-regulated expression of MHC classⅠ
antigen genes is a common mechanism that allows tumor
cells to escape from the destruction of anti-tumor T cells.
Therefore, the down-regulated expression of H-2 genes
indicated that there were T cell-mediated immunological
abnormalities in the Leigongteng-treated group.
Both cytoskeleton-associated genes, BI247 008 and
NM_145 594, were up-regulated in the Leigongtengtreated group, and were considered to be an important
cause of liver cell degeneration, osteoporosis, cytoplasm
and cytoskeletal structure damage. The transferrin receptor, as a membrane protein associated with iron transfer, is
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widely distributed on the cell membrane. The up-regulated
expression of Tfrc, labeled BC0 545 22, may be responsible for the external toxic invasion of liver cells caused
by the administration of Leigongteng. The Ras oncogene
is considered to be a normal housekeeping gene controlling cell proliferation and differentiation. The activation of
this gene can lead to abnormal expression of the encoded
products and can trigger malignant transformation of normal cells, which ultimately leads to the occurrence of malignant tumors. The RasGEF domain family member 1B
(Rasgef1b), labeled BC050 858, is a cancer gene, and excessive expression of BC050 858 indicated that there was a
high risk of liver cancer in the Leigongteng-treated group.
DNA fragmentation factor (DEF), as a main apoptotic
signaling pathway, plays an important role in apoptosis
(Liu, 2 003). The markedly excessive expression of DFF45
(AK051 011) in the Leigongteng-treated group showed
that DEF45 created an active defense reaction by removing injured cells to maintain the tissue stability. In the formation of liver tumors, the lack of apoptosis of malignant
cells is considered to be a decisive factor in tumor development. The deficient expression of apoptosis related genes,
such as the nucleoprotein gene Phlda1(U44 088) and the
growth arrest and DNA-damage-inducible 45 gamma gene
(NM_011 817), indicate that there was potential risk of
cancer for the mice treated with Leigongteng.
In addition to the above function-known genes, there
were two function-unknown differentially expressed genes
in the Leigongteng-treated group. The relationship between these genes and liver injury is unknown.
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Abstract
AIM: To explore the mechanism of intra-uterine
transmission, the HBV infection status of placental tissue
and in vitro cultured placental trophoblastic cells was
tested through in vivo and in vitro experiments.
METHODS: A variety of methods, such as ELISA, RTPCR, IHC staining and immunofluorescent staining were
employed to test the HBV marker positive pregnant
women's placenta and in vitro cultured placental
trophoblastic cells.
RESULTS: The HBV DNA levels in pregnant women's
serum and fetal cord blood were correlated. For those
cord blood samples positive for HBV DNA, their maternal
blood levels of HBV DNA were at a high level. The HBsAg
IHC staining positive cells could be seen in the placental
tissues and the presence of HBV DNA detected. After coincubating the trophoblastic cells and HBV DNA positive
serum in vitro , the expressions of both HBsAg and HBV
DNA could be detected.
CONCLUSION: The mechanism of HBV intra-uterine
infection may be due to that HBV breaches the placental
barrier and infects the fetus.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The maternal-fetal transmission of hepatitis B virus
(HBV) remains one of the important causes of chronic
HBV infection in China [1,2]. At present, the combined
immunity of hepatitis B vaccine and high-titer hepatitis B
immunoglobulin (HBIG) has already achieved relatively
excellent efficacies in blocking the maternal-fetal
transmission of HBV[3-6]. However, still among around
10% of the mothers with positive HBV serum marker,
the immunological blockade failed in the born neonates
who later became chronically infected with HBV[7,8]. It is
currently thought that the major cause of unsuccessful
immunological blockade is the intra-uterine infection of
HBV. The mechanism of HBV intra-uterine infection
remains unclear at present. But, during the process of
intra-uterine transmission, the placental tissue plays an
important role. The HBV DNA in maternal body needs
to trespass the placental barrier to infect the fetus. During
pregnancy, the direct contact of trophoblast cells with
the maternal blood is the first step of HBV passing
through the placental barrier [9-11]. Therefore the studies
of HBV infections of placental tissue and placental
trophoblast cells are of great significance for elucidating
the mechanism of HBV intra-uterine transmission.

MATERIALS AND METHODS
Clinical cases
A total of 20 cases of HBV-infected pregnant women
during normal delivery for the period of October 2002
to December 2004 on the ward of Department of OB &
GYN at the Shengjing Hospital Affiliated to CMU were
selected. The age range of pregnant women was 23-38
years old. 20 cases of neonate were delivered normally.
After birth, the fetuses (9 males and 11 females) were all
healthy. They received HB vaccine and anti-hepatitis B
immunoglobulin at birth and 1 mo after birth, and HB
vaccine 6 mo after birth. Follow-up visit of HBV serum
markers in the neonates were at 6 mo after birth. None
of 20 pregnant women received anti-viral treatment. At
admission, the LFT examination was normal with no
symptom of hepatitis. The serologic HBV testing of their
spouses was all negative. The peripheral venous blood and
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fetal cord blood were retained to isolate the serum and
stored in a -20℃ freezer. The appearance of their placenta
was normal, with intact fetal membranes and no evidence
of abruption. The surgical scalpel was used to slice the
placental tissue into the blocks of size around 1.0 cm3.
Formalin fixation was performed. 5 pregnant women with
normal delivery were taken as the negative control. Patient
permission was sought to retain the samples of placental
tissue.
Serological testing of HBV marker
The ELISA method was used to perform the serological
testing of HBV marker. The experimental methods
followed those specified within the reagent kit (Shanghai
Kehua Biotech Co., Ltd) package insert.
HBV DNA detection in serum samples by real-time PCR
Real-time fluorescence quantitative PCR was used to test
the HBV DNA level in serum samples: The handling
procedures were performed in strict accordance with the
reagent kit (Shenzhen PG Biotech Co., Ltd.) package insert.
The primer was provided in the kit, the reaction volume was
40 µL, and the reaction condition was 37℃ for 5 min, 94℃
for 1 min then 40 cycles as 95℃ for 5 s and 60℃ for 30 s.
The test was repeated twice to confirm the results.
IHC staining of HBV marker in placental tissue
The routine ABC method was adopted for staining.
The handling methods specified within the reagent kit
(ZYMED Co., Ltd. USA) package insert were followed and
the experimental results considered to properly adjusting
the incubation time. Visualization was achieved through
DAB. The pregnant women's placenta with negative HBV
serum marker was taken as the negative control while the
tissue samples from liver puncture of chronic hepatitis B
patients as the positive control.

July 14, 2007

Volume 13

  Number 26

separated and purified by Percoll (Pharmacia Co., Ltd.)
density gradient centrifugation, and rat tail collagen
(Sigma Co., Ltd.) was employed to promote the cellular
wall-adsorption. The primary generation culture was
performed. The in vitro culture model of trophoblast cells
was established.
Propagation culture of trophoblast cell line JEG-3: The
trophoblast cell line JEG-3 (generous gift of Prof. Wang
Yanling, Institute of Zoology, CAS）was propagated
in DMEM/F12 medium (Hyclone Co., Ltd.) with 10%
FCS ( Hyclone Co., Ltd.) until the cells stayed within
the logarithmic growth period for experiments. Prior
to inoculation, the slide covers were pre-placed into the
6-hole culture plate (Costar Co., Ltd.).
The infection test of HBV to trophoblastic cells
The serum samples from HBV carriers (normal LFT) with
a high level of HBV DNA (> 1.0 × 108 copies/mL) and
those from the healthy volunteers with a negative serum
HBV marker were collected. A 0.22 µm filtration device
(Costar Co., Ltd.) was used to filter away the bacteria. At
56℃ for 30 min, the complement was inactivated and
stored aseptically.
DMEM/F12 (1:1) serum-free cell culture medium
(Hyclone Co., Ltd.) containing 20% HBV positive serum
was added into the primary cultured cells and JEG-3 cells.
For the control group, the HBV negative control serum
was added. The cells were taken out after co-incubating
with HBV positive serum for 8, 24 and 48 h in the cell
incubator at 37℃ with 5% CO2. After washing and fixing,
the samples were frozen and stored for later testing.

HE staining of placental tissue
The product of tissue section and HE staining were
produced by department of pathology of shengjing
hospital affiliated to china medical university.

Detection of HBV infection status in the trophoblast cells
by immunofluorescence and IHC staining
The frozen cell slides were taken out and blocked with
10% bovine serum albumin (BSA) (Sigma Co., Ltd.). After
addition of 1:50 HBsAg monoclonal antibody (Beijing
Zhongshan Co., Ltd.) diluted with 1% BSA, the samples
were stored at 4℃ overnight. The FITC-tagged secondary
antibody (Beijing Zhongshan Co., Ltd.) was added and the
staining results observed under the fluorescent microscope
(Nikon, Japan).
The routine ABC method was adopted for staining. The
handling methods specified within the reagent kit (Beijing
Zhongshan Co., Ltd.) package insert were followed.
HBcAg monoclonal antibody (Beijing Zhongshan Co.,
Ltd.) was used as first antibody. Visualization was achieved
through DAB.

Follow-up visit of neonates at 6 mo
Six months post-birth the newborns were examined for
HBV markers in the serum by ELISA.

HBV DNA detection in trophoblast cells
The testing method of HBV DNA in trophoblast cells was
identical to that for HBV DNA in tissue.

Cell culture
Primary generation culture of human early-pregnancy
villous membrane trophoblast cells [9]: early-pregnancy
placental villus was digested by the combined trypsin/
DNAase method to harvest the single cells. The trypsin
was produced by Sigma Co., Ltd. and DNAase by
Worthington Co., Ltd. USA. The trophoblast cells were

Statistical analysis
The experiment data were expressed as mean ± SD. And
the software of SPSS for Windows 10.0 was employed to
perform statistic analysis of the data. The t-test, Spearman's
rank correlation test and Wilcoxon's rank sum test for
2-sample geometric mean comparison were used for
statistic analysis. The LSD method was used for inter-

HBV DNA testing of placental tissue samples
The digestive lysis method of proteinase K was used
to extract the tissue DNA [12] and the method of realtime fluorescence quantitative PCR（reagent kit was
manufactured by Shenzhen PG Biotech Co., Ltd.）for
testing. The test was repeated twice to confirm the results.
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Table 1 Relationship between HBV DNA level of mothers'
serum and their fetus' cord blood

n
Cord blood HBV DNA positive
Cord blood HBV DNA negative

6
14

3627

A

Maternal serum HBV DNA level
Xln
sln
19.2556a
1.5614
16.0952
2.8454

Xln is logarithmic mean and sln logarithmic SE. t = 2.536, P = 0.021, aP < 0.05 vs
both group.

group paired comparison and the ANOVA method for
single factor analysis. P < 0.05 was limit of significant
difference.

B

RESULTS
HBV DNA test results in pregnant women and fetal cord
blood
The serum HBV DNA in 20 mothers were all positive.
The HBV DNA was positive in 6 samples of fetal cord
blood while the HBV DNA level of fetal maternal blood
in these 6 cases was all above 1.0 × 107 copy/mL. The
positive rate of HBV DNA in cord blood was 30%. And
the HBV DNA level in fetal cord blood was markedly
lower than that in maternal blood.
The authors compared the relationship of maternal
blood HBV DNA level and cord blood HBV DNA level.
The results are shown in Table 1.
The results have indicated that the cord blood HBV
DNA level was closely correlated with the maternal blood
HBV DNA level. For the fetus with positive cord blood
HBV DNA, the maternal serum HBV DNA was at a
higher level. As compared with those with negative cord
blood HBV DNA, there was significant difference.
IHC testing results of HBsAg and HBcAg in placental
tissue
IHC staining of HBsAg and HBcAg in placental tissue of
20 pregnant women was carried out. The results showed
that there were 6 cases of positive HBsAg IHC staining in
placental tissue of pregnant women. No positive HBcAg
IHC staining in placental tissue was found. Among the
pregnant women with positive staining of placental tissue,
5 cases of cord blood were tested positive for HBV DNA.
Among them, 1 case of cord blood was tested negative for
HBV DNA while another 1 case positive for cord blood
HBV DNA and no HBsAg positive cell was observed
in placental IHC staining. The HBsAg positive staining
cell was most commonly seen at the villous surface of
trophoblast cells in placental tissue and also among the
villous interstitial cells. Within one case, HBsAg positive
staining was seen within the endothelial cells of villous
capillaries in pregnant women's placental villus. For control
group, there was no positive staining observed (Figure 1).
HBV DNA test results in placental tissue
Five cases of placental tissue in 6 fetuses with positive
cord blood were tested positive for HBV DNA. The level
of HBV DNA was as low as 5.0 × 102-3.0 × 103 copy/mL.

Figure 1 The IHC staining results of the placenta of HBV carrier mothers. A: HBsAg
positive cells in the vascular endothelial cell of the placenta villi (× 40); B: HBsAg
positive cells in the trophoblastic cell of on the surface of placenta villi (× 40).

Follow-up results of neonates at 6 mo
After 6 mo, 19 neonates received follow-ups. Among
which, 2 cases tested positive for serum HBsAg, HBeAg
and anti-HBc. Both these two cases were positive for HBV
DNA in cord blood and placental tissue. The remaining
17 cases were HBsAg negative. Ten cases were anti-HBs
positive.
Results of HBV infection status in trophoblast cells by
immunofluorescence and HC staining
After co-incubating with HBV-infected serum, the
trophoblast cells might show positive signal of HBsAg by
immunofluorescence staining. At 8 h of co-incubating,
the positive signal was weaker and the number of
infected cells was fewer. While at 24 h of co-incubating,
the positive signal became stronger and the number of
infected cells showed a rising trend. Afterward when at 48
h of co-incubating, the number of HBsAg positive cells
in trophoblast cells had no marked increase (Figure 2).
Through numeration, the number of HBsAg positive cells
for every 100 cells at each time point was recorded (500
cells counted for each glass slide). The number of HBsAg
positive trophoblast cells at different time points was
compared[10] (n = 5). The results are summarized in Table
2. IHC staining also showed that the positive expression
of HBcAg could be seen within the nucleus of trophoblast
cells at 24 h and 48 h of co-incubating with HBV-infected
serum. In the negative control group, no HBsAg or
HBcAg positive cell was seen.
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Figure 2 Immunofluorescence staining results of trophoblastic cells of different
co-incubation time with HBV positive serum. A: 8 h; B: 24 h; C: 48 h.

Table 2 The number of HBsAg positive cells among different
duration of HBV infection
Co-incubation time
8h
24 h
48 h

n
5
5
5

Numbers of HBsAg positive cells (per 100 cells)
18.93 ± 0.83
30.87 ± 0.83a
25.80 ± 1.11

t = 6.03, aP < 0.05 vs 8 h.

HBV DNA detection results in trophoblast cells
The fluorescence quantitative PCR test results showed
that, after co-incubating with HBV-infected serum for 8
h, 24 h and 48 h, the presence of HBV DNA could be
detected in primary generation cultured trophoblast cells
and trophoblast cell line JEG-3 cell (Figure 3).

DISCUSSION
In clinical practice, the tests of HBsAg and HBV DNA
in fetal cord blood or neonatal peripheral blood are often
performed to diagnose intra-uterine HBV infection [15].
The authors carried out the test of HBV DNA in cord
blood and placental tissue of fetuses born of 20 pregnant
women. As a result, among 6 cases of fetal cord blood
positive for HBV DNA, 5 cases of placental tissue were
also positive for HBV DNA. At 6 mo post-birth, the
follow-up results indicated that, among 6 neonate cases
of positive cord blood, only 2 cases were still positive
for serum HBsAg. The remaining 4 neonate cases were
all negative for HBsAg and 3 cases produced anti-HBs.
In mothers with cord blood and placental tissue positive
for HBV DNA, the serum HBV DNA was all at a high
level. It illustrates that the high level of serum HBV
DNA in pregnant women is one of the high-risk factors
for occurrence of HBV intra-uterine infection[16,17]. But
the positive cord blood of HBV DNA does not indicate
that HBV intra-uterine infection occurs in fetus. After
fetal birth, despite the combined blockage of hepatitis
B vaccine and HBIG, over one half of neonates can still
acquire successful immunity. Since the positive rate of
www.wjgnet.com
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Figure 3 HBV DNA detection results in the trophoblastic cell by RT-PCR. A:
standard curve; B: detective result.

HBV DNA in cord blood is obviously correlated with the
HBV DNA level of maternal blood and cord blood HBV
DNA is always positive in cases of intra-uterine infection,
it illustrates that the positive HBV DNA of cord blood is
one of the high-risk factors of occurrence of intra-uterine
infection in fetus[18]. For the relative ease of collecting the
cord blood in clinical setting, so the test of HBV DNA
in cord blood may be used as one of the predicative
parameters for occurrence of intra-uterine infection.
To further explore the mechanism of HBV intrauterine infection, the authors proved through two parts of
clinical trial and in vitro experiment that HBV enters the fetal
body through infecting the placental barrier. Within the
clinical trial part, the IHC method was employed to test the
placental tissue of HBsAg positive pregnant women. The
results showed that the HBsAg positive cell could be seen
in all the cell layers of the placental tissue. The expression
of HBsAg was at a low level in the placental tissue, and
HBV DNA was detected in the placenta of the pregnant
women that were positive for HBV DNA in cord blood. It
illustrates that HBV could infect the placental cell[19]. The
HBV infection of placenta was markedly correlated with
the HBV DNA in cord blood. Among 6 cases of pregnant
women with placental HBV infection, 5 cases were tested
positive for HBV DNA in cord blood. Another case was
tested positive for HBV DNA in cord blood while the IHC
staining of the placental tissue was negative. At follow-up 6
mo post-birth, the neonates didn't have occurrence of HBV
infection, and anti-HBs were positive. It did not rule out
the possibility of the cord blood being contaminated by the
maternal blood. And for the cases of positive staining of
the placental tissue and negative HBV DNA in cord blood,
there was no occurrence of HBV infection in neonates
even at the post-birth follow-up. It illustrates that the HBV
DNA in cord blood may be acquired through the placental
infection[20].
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To further prove the hypothesis that HBV intrauterine infection occurs through the infection of placental
barrier, the authors carried out the experiment of HBV
infecting the in vitro cultured trophoblast cells of human
villous membrane. Based upon the literature reports[21-23]
and our studies, both the primary cultured cell and human
trophoblast cell line JEG-3 could be infected with HBV.
Therefore the authors introduced the primary cultured cell
and trophoblast cell line JEG-3 into the experiment and
established it as the study model of placental barrier. The
HBV DNA positive serum was added into the cell culture
medium to simulate the in vivo situation of the trophoblast
cells being immersed in the maternal blood. Both cell IHC
staining and cellular immunofluorescent staining showed
that, after co-incubating with HBV-infected serum for
8 h, 24 h and 48 h, the expression of HBsAg could be
consistently detected in the primary generation cultured
trophoblast cells and JEG-3 cell. The HBsAg positive cell
was distributed diffusely in the trophoblast cells. At 24 h
and 48 h post-infection, the expression of HBcAg was
also detected in the trophoblast cells. When the test of
HBV DNA was performed upon the trophoblast cells coincubated with the HBV positive serum, the results showed
that HBV DNA could be detected in the trophoblast cells.
This further proved that HBV could infect the trophoblast
cells. However, as found by the authors in the experiment,
with the elapsing of time post-infection, the number of
infected cells showed no obvious increase. It illustrates
that other potential mechanisms may influence the HBV
infection of the trophoblast cells[24-26]. Further studies will
be needed.
The HE staining of the placental tissue slides revealed
no marked cellular lesion and damage of intercellular
conjunction. As observed under the inverted microscope,
after the addition into the HBV-infected serum, there
was no marked change of growth speed of trophoblast
cells, cellular structure and intercellular tight junction. It
illustrates that the intra-uterine transmission of HBV may
be not related with the breached integrity of placental
barrier or its increased permeability[27].
It was reported that HBV uptake by trophoblasts is
increased if the HBsAg is complexed with anti-HBs[28,29].
The serologic profile of the mothers was detected before
delivery. We didn't found the conditions that both HBsAg
and anti-HBs were positive in serum of the mothers.
So whether the 6 infected newborns in this study were
associated with HBsAg and anti-HBs complex couldn't be
proved in this study.
As concluded from the above, through the clinical
cases and in vitro infection experiment of trophoblast
cells, the authors prove that the fetal mechanism of HBV
intra-uterine infection occurs when the placental barrier
becomes infected.
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Abstract
We report a case of right lower abdominal wall and groin
abscess resulting from acute appendicitis. The patient
was an 27-year-old man who had no apparent abdominal
signs and was brought to the hospital due to progressive
painful swelling of right lower abdomen and the groin
for 10 d. Significant inflammatory changes of soft tissue
involving the right lower trunk were noted without any
apparent signs of peritonitis. Laboratory results revealed
leukocytosis. Abdominal ultrasonography described
the presence of abscess at right inguinal site also
communicating with the intraabdominal region. Right
inguinal exploration and laparotomy were performed and
about 250 mL of pus was drained from the subcutaneous
tissue and preperitoneal space. No collection of pus was
found intraabdominally and subserous acute appendicitis
was the cause of the abscess. The patient fully recovered
at the end of the second post-operation week. This case
reminds us that acute appendicitis may have an atypical
clinical presentation and should be treated carefully on
an emergency basis to avoid serious complications.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Acute appendicitis is considered one of the elementals

of general surgical disease processes, yet its presentation
often confounds its diagnosis by most surgeons. Its
presentation as abscess in the abdominal wall and groin
is a rare clinical entity. Because of insidious onset and
subtle clinical signs of resulting abscess, the diagnosis of
such cases is often delayed[1,2]. Acute appendicitis such as
those forming extensive abscesses may sometimes become
complicated and require a prolonged treatment period[3,4].
These complications should be kept in mind in order to
avoid further sequelae. We hereby present a rare case of
unruptured acute appendicitis with extensive formation
of right lower abdominal wall and groin abscess. We aim
to emphasize the importance of suspecting certain intraabdominal inflammatory conditions in the differential
diagnosis, early diagnosis and prompt management for this
disease.

CASE REPORT
A 27-year-old man presented with pain for 10 d in the
lower abdomen and groin. He also experienced a swollen
and red groin and painful disability of the right thigh.
His appetite was normal initially, but lessened for the last
a few days. The patient denied any other symptoms of
gastrointestinal dysfunction. On physical examination, the
patient appeared ill with a heart rate of 96/min, respiratory
rate of 28/min, blood pressure of 110/80 mmHg and
body temperature of 38.6℃.
There were significant inflammatory signs such as local
heat, swelling,edema and tenderness involving the entire
right abdominal wall, especially disclosing the right groin
area. No subcutaneous emphysema or crepitation was
noted. The abdominal examination revealed unremarkable
signs during palpation and the peritoneal reaction was
absent.
Laboratory data showed leukocytosis with a WBC
count of 25.700/mm3, of which 80% were neutrophils.
All the other blood chemical tests were within the normal
range. Chest and abdominal X-ray revealed no abnormality.
An ultrasound scan suggested a fluid collection in the right
inguinal region communicating with the abdomen, which
was evaluated to be an abscess.
The clinical, radiological and laboratory findings
showed the presence of inguinal abscess as the source
of sepsis. The abscess in the groin was opened through
an inguinal incision. The subcutaneous and preperitoneal
tissues were affected by purulent material. The abscess was
found between the muscle groups and dissected downward
to the right thigh. As the destroyed muscle layers entered
www.wjgnet.com
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Figure 1 The tip of appendix seen protruding through the incision.

towards the peritoneum, the tip of the appendix was
protruding through the incision (Figure 1). The abdomen
was opened immediately and the exploration revealed an
subserous acutely inflamed appendix. However, the intraabdominal cavity was clear without any contamination.
Appendectomy was done and the debridement of the nonviable abdominal wall muscle groups and the drainage of
the abscess cavity were performed. The bacterial culture
revealed Escherichia coli and Klebsiella pneumonia infection.
The patient began to take oral fluids in 2 d and recovered
smoothly after surgery. He was discharged uneventfully 2
wk after the surgery.

DISCUSSION
A review of the literature suggests certain intra-abdominal
inflammatory pathologies in the etiology of painful,
swollen groin and thigh, such as diverticulitis, acute
appendicitis, Crohn's disease, colorectal carcinoma, rectal
trauma and primary staphylococcal abscess [1,2,4] . But
surprisingly, acute appendicitis, although among the most
common surgical emergencies, has rarely been discussed
with such unusual presentation. The etiopathogenesis of
this presentation in this case can be explained by the direct
contamination of the right anterior abdominal wall and
groin by an inflamed phlegmonous appendix.The spread
of resultant sepsis along the abdominal wall muscles,
preperitoneal space and downward behind the inguinal
ligament into the thigh thus presented clinically as an
abscess[1,2,5].
In many cases, the previous history and presenting
symptoms did not clearly indicate an intra-abdominal
origin, and this has often created serious diagnostic
problems. Admitting diagnosis of inguinal abscess could
not be established until surgery provided a definitive
diagnosis. Negative appendectomy rates have been
relatively stable over the years and all patients are affected
to one extent or another[4,6,7]. Currently, there is no test or
objective physical finding which can rule out the presence
of appendicitis with acceptable accuracy.
The insidious onset of abscess formation may not
be responsive to medical treatment. Only the results of
bacterial culture if could be obtained before surgery, could
indicate the nature of the abscess. The most common
www.wjgnet.com
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causative pathogen of primary abscess is staphylococcus
aureus, while that of secondary abscess is usually mixed
intestinal floras [8-10]. In this case, bacterial examination
revealed the organisms Escherichia coli and Klebsiella
pneumonia which suggested the intestinal relation. In a study
by Hale et al, intraoperative cultures of peritoneal fluid
were obtained in 2522 cases. The most commonly isolated
organism was Escherichia coli followed by Enterococcus and
other Streptoccus species. Less commonly encountered
org anisms included Pseudomonas, Klebsiella and
Bacteriodes species[4].
In most of the reported cases, a computed tomographic
scan (CT) is used as a modality for definite diagnosis.
Abdominal CT scan helps not only establish the diagnosis
but also evaluates the extension of involvement [4,11-13].
Abdominal ultrasonography is also a modality widely
used for diagnosis of abdominal pathologies. It is also
helpful in the evaluation of its treatment. In the present
case, ultrasonography suggested the relationship with the
abdomen and guided us to the intra-abdominal origin of
the abscess. A CT imaging could not be performed in this
case because of technical problems.
The drainage of abscess can be achieved by percutaneous approach or by laparotomy based on US and
CT findings. There are several reports demonstrating
substantial results by percutaneous drainage of the
abscess and then by surgery only if percutaneous drainage
fails[8,14,15]. Percutaneous approach would probably be not
adequate for this case, because our patient was in a critical
condition requiring prompt drainage which can not be
achieved by percutaneous method and the infection could
not be controlled. Surgery seems to be advantageous over
percutaneous drainage in patients under critical condition
such as appendicitis, perforated appendicitis, diverticulitis
or malignancy[8].
A search for the presence of intra-abdominal pathology
by a thorough clinical and radiological evaluation should
be made in all patients with unexplained groin and thigh
symptoms with fever and leukocytosis. Clinicians should
be aware that an abscess may be the manifestation of an
intestinal disorder despite minimal abdominal signs and
to improve the survival rate, the clinical diagnosis must be
pursued aggressively.
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Abstract
B a s a l o i d s q u a m o u s c e l l c a rc i n o m a ( B S C ) o f t h e
esophagus is a rare malignant disease. We report
here a patient with recurrent esophageal BSC, who
was successfully treated by systemic chemotherapy
containing 5-fluorouracil (5-FU) and cisplatin (CDDP). A
57-year-old woman was diagnosed as having squamous
cell carcinoma of the esophagus upon endoscopic
examination. Curative esophagectomy with lymph node
dissection was performed under the thoracoscope. The
pathological diagnosis of the surgical specimen was BSC.
Five months after operation, the patient was diagnosed
as having a recurrence of the BSC with metastases to
the liver and spleen, and a right paraclavicular lymph
node. She was given systemic chemotherapy consisting
of continuous infusion of 800 mg/d of 5-FU and 3 h
infusion of 20 mg/d of CDDP for 5 consecutive days
every 4 wk. The metastatic lesions in the spleen and
right paraclavicular lymph node disappeared, and the
liver metastasis was apparently reduced in size after 2
courses of chemotherapy. The tumor regression was
seen over 6 courses, with progression afterwards.
Although subsequent treatment with CPT-11 and CDDP
was not effective, docetaxel and vinorelbine temporarily
controlled the tumor growth for 2 mo. 5-FU and
CDDP combination may be useful for the patients with
advanced BSC.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Basaloid-squamous cell carcinoma (BSC) is an uncommon
variant of squamous cell carcinoma (SCC), which
mostly arises in the aerodigestive tracts in the region of
hypopharynx, oral cavity, and larynx[1-4]. Primary BSC of
esophagus is an extremely rare tumor[5] and only about 0.1%
out of esophageal carcinoma cases have been diagnosed
as primary BSCs [6,7] . Reportedly BSC in the upper
aerodigestive tract exhibited a more aggressive clinical
course and worse outcomes than SCC[2]. This is because of
its biologically malignant features characterized by a poor
degree of differentiation, high proliferation activity, and
high incidence of distant metastasis[3,4,8].
Localized esophageal BSCs without direct invasion to
the surrounding organs or distant metastasis (stageⅠand
Ⅱ) had been treated by surgical operation, and the median
survival time was similar to that of esophageal SCC[9].
On the other hand, for patients with distant metastasis or
inoperative recurrence after surgical resection, systemic
chemotherapy had been performed but the effectiveness
of the therapy was not assured. Although several
chemotherapeutic regimens have been conducted for
patients with inoperable recurrent or metastatic BSCs[10,11],
the standard chemotherapeutic regimen has not been
established because of a limited number of those with the
disease.
Here we report a case of recurrent esophageal BSC
with liver, spleen, and lymph node metastases, which was
successfully treated with a combination of 5-FU and
CDDP. This regimen allowed partial response of the
disease lasting for 6 mo.

CASE REPORT
A 57-year-old woman suffering from dysphagia for 3 mo.
was diagnosed with an irregular shadow of the esophagus

Shibata Y et al . 5-FU and cisplatin for BSC of the esophagus
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Figure 1 A: Preoperative endoscopy showing a protruding tumor of the lower
esophagus; B: Close endoscopic view of the esophageal tumor with ulceration.

Figure 2 The resected specimen of esophagus having a protruding tumor with
ulceration.

by a barium meal examination in December 2002.
Endoscopic examination of the esophagus revealed an
elevated lesion with ulceration at the lower esophagus and
esophago-gastric junction (Figure 1A and B). Histological
diagnosis of the biopsy specimen was moderately
to poorly differentiated squamous cell carcinoma. A
computed tomography (CT) scan revealed thickening of
the esophageal wall, but there was no evidence of either
invasion to the adjacent structure or metastasis to distant
organs. She underwent curative esophagectomy with
lymph node dissection under the thoracoscope in February
2003, and the postoperative course was uneventful.
Macroscopically, the resected specimen showed
an elevated lesion with ulceration, measuring 6.0 cm
× 4.0 cm, located in the lower esophagus (Figure 2).
Microscopically, the carcinoma invaded the whole layers

Figure 3 Histological finding of basaloid-squamous carcinomas (HE). A: Lower
magnification; B: Higher magnification.

of the esophagus with venous invasion but not lymphatic
invasion. The proximal and distal margins were free of the
carcinoma. The carcinoma was composed of solid nests
of basaloid cells in a lobular configuration with peripheral
palisading. The carcinoma cells are characterized by having
scant cytoplasm, round to oval nuclei and a high nuclear
cytoplasmic ratio. Foci of a squamous cell carcinoma in
situ, central necrosis (comedo-type necrosis) and deposition
of basement membrane-like material were also seen (Figure
3A and B). Immunohistochemically, the tumor cells were
positive for a high molecular weight cytokeratin (CK14)
and bcl-2 protein, but were negative for a low molecular
weight cytokeratin (CAM5.2) and neuroendocrine markers
(chromogranin A and CD56). The histological feature was
compatible with BSC. All the regional lymph nodes were
free of the carcinoma.
Five months post operation, the patient noticed a mass
in the upper abdomen. A CT scan revealed multiple masses
of the liver (Figure 4A), a single mass of the spleen, and
a right paraclavicular lymph node swelling. Liver biopsy
revealed a metastasis of squamous cell carcinoma of
the esophagus. The blood count and serum biochemical
analysis showed no abnormalities except for slight
hypochromic anemia and elevated lactate dehydrogenase
(LDH) level of 752 U/L (normal range: 119-229 U/L).
The tumor markers including Squamous cell carcinoma
related antigen (SCC), Carcinoembryonic antigen (CEA),
and cytokeratin 19 fragment (CYFRA) were within
normal limits. The patient was then treated with systemic
chemotherapy upon obtaining her agreement. The
chemotherapy regimen consisted of continuous infusion
of 800 mg/d of 5-FU and 3 h infusion of 20 mg/d of
www.wjgnet.com
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Figure 4 Abdominal computed tomography (CT) images. A: CT image on
admission revealing liver metastasis; B: CT image after 3 courses of 5FU/CDDP
chemotherapy showing tumor regression (55%).

CDDP for 5 consecutive days, every 4 wk. After 2 courses
of chemotherapy, the metastatic tumor of the spleen
and the paraclavicular lymph node swelling disappeared
and liver masses decreased in size. Consequently, the
tumor regression rate was 55% evaluated by the Response
Evaluation Criteria in Solid Tumors (RECIST), being
considered as partial response (Figure 4B). Grade 2
thrombocytopenia was only at a hematological toxicity
during these courses. The disappearance of the metastatic
tumor of the spleen and the paraclavicular lymph node
swelling was observed on the following CT. The tumor
regression continued for 6 courses, with re-growth of the
tumor afterwards. Therefore the second line chemotherapy
using CPT-11 80 mg/d and CDDP 30 mg/d was initiated
on d 1 and d 18. However, increased size of liver masses
and appearance of new lesion in the liver and spleen were
detected after the first course. The patient was further
treated by docetaxel 100 mg/d and vinorelbine 26 mg/d
on d 1, every 3 wk. Because of grade 4 myelosuppression
after the first course, both docetaxel and vinorelbine
were reduced by 20% from the second course. No
serious adverse events were observed except for grade
3 myelosuppression after the second course. Disease
remained stable for 4 courses without tumor progression.
Thereafter, liver tumors increased in size and malignant
peritonitis appeared invading the transversal colon. The
patient died of these tumors in August 2004.

DISCUSSION
Since the first description of BSC by Wain et al[2] in 1986,
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BSCs has been thought to be rare malignant tumor and
comprise approximately 0.1% of esophageal carcinoma in a
Japanese study[6]. On the other hand, Sarbia et al[12] showed
that 11.3% of the esophageal carcinoma were BSCs. This
discrepancy of the incidence of BSC between races could
be explained by difficulty of differential diagnosis by
histological properties. Establishing a diagnosis of BSCs
by preoperative biopsy was reported to be so difficult
that only 10% of BSC cases, which were histologically
confirmed by resected specimen, were correctly diagnosed
and another 55% were misdiagnosed as SCC[13]. Although
the present case was diagnosed as SCC before operation,
resected specimens revealed the existence of solid nests
of basaloid cells accompanied by well differentiated SCC
and finally diagnosed as BSC. Interestingly, liver biopsy
specimens after recurrence of the disease only possessed
the features of metastatic squamous cell carcinoma. This
is probably because a limited amount of specimens were
obtained for histological diagnosis or because metastatic
liver tumors may derive from more malignant constitute of
heterogeneous primary esophageal tumors.
BSC has been reported to be biologically malignant
because of the poorly differentiated, highly proliferative
activity, and high expression of angiogenic factors such
as vascular endothelial growth factor and platelet-derived
endothelial cell growth factor. Furthermore, it has been
reported that the expression of Bcl-2 protein, which plays
a role in the suppression of apoptosis, is weak in poorly
differentiated SCC, but strong in BSC [14]. In addition
to Bcl-2, high expression of c-myc, epidermal growth
factor receptor, and pyrimidine nucleoside phosphorylase
(PyNPase) may also be associated with the poor prognosis
of the BSC[7,15,16].
In the chemotherapy for the most cases of BSC, 5FU/
CDDP was employed either in neoadjuvant and adjuvant
settings or for the advanced cases. Only Tukayama et
al[7]reported neoadjuvant chemotherapy with 5FU/CDDP/
VDS. Although, taxan[17] and nedaplatin[18] were often used
for SCC, there was no report that these anticancer agents
were used for BSC.
The synergistic effect of cytotoxicity in tumor cells has
been well recognized in 5-FU and CDDP combination.
5-FU has been shown to augment the cytotoxicity of
CDDP or even circumvent CDDP resistance by inhibiting
the repair of platinum-DNA interstrand crosslinks as well
as by reducing the content of glutathione, a detoxifying
compound[19-21]. Combined chemotherapy using CDDP
and 5-FU has been well established for advanced
esophageal SCC, with response rates being approximately
50%-60%[22]. However the efficacy of this chemotherapy
regimen for esophageal BSC has not yet been determined.
Koide et al [10]reported that preoperative chemotherapy
using 5-FU and CDDP showed tumor regression rate
by 61.1%-84.6% against BSC. Tsuchiya et al[11] reported
that this combination exhibited tumor regression in
neoadjuvant settings and was also effective in the recurrent
disease of BSC. While accumulating evidences revealed
that postoperative chemotherapy improves disease free
survival of patients with esophageal SCC[23,24], we do not
have enough data yet for concluding that postoperative
ch e m o t h e r a p y i s b e n e f i c i a l f o r B S C. H owe ve r,

Shibata Y et al . 5-FU and cisplatin for BSC of the esophagus

concerning the poor outcome after surgery because of its
clinicopathologically aggressive behavior in several reports,
it may be possible that postoperative chemotherapy
for BSC would become a beneficial treatment. An
accumulation of cases is required to establish the role of
this combination in the therapy of esophageal BSC.
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INTRODUCTION
Interferonα has been demonstrated to potently suppress
synthesis of both IL-5 and IL-13 in human leucocytes,
making it an attractive agent for the treatment of ulcerative
colitis (UC). Interferon-α therapy showed no benefit in
patients with Crohn's disease[1]. Few cases of aggravation
or de novo development of UC with interferons have been
reported[2,3]. We herein report a patient with relapsingremitting multiple sclerosis who developed ulcerative
colitis following treatment with interferonβ 1a, aiming to
alert clinicians to a potential novel adverse drug effect of
interferonβ 1a.

CASE REPORT
Abstract
To alert clinicians to a potential novel adverse drug
effect of interferonβ 1a, we herein report a patient with
relapsing-remitting multiple sclerosis who developed
ulcerative colitis following treatment with interferonβ
1a. Ulcerative colitis persisted despite discontinuation
of interferonβ 1a treatment and switching the
patient to glatiramer acetate. Tacrolimus (FK506),
6-mercaptopurine, and prednisolone were required to
induce remission. Both ulcerative colitis and multiple
sclerosis were eventually well controlled using this
regimen. Our report underscores that caution should be
exercised when prescribing immunostimulatory agents
in patients with inflammatory bowel disease (IBD) and
challenges current efforts to stimulate innate immunity
as a novel therapeutic concept for IBD.
© 2007 WJG . All rights reserved.
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A 29-year-old Caucasian female noticed visual blurring that
persisted for one week and then resolved spontaneously.
Thirteen months later, paresthesia and weakness of the left
arm developed. Diagnosis of relapsing-remitting multiple
sclerosis (MS) was established using standard diagnostic
criteria (Figure 1)[4].
Therapy with interferonβ 1a (Avonex®) was initiated
at a dose of 30 µg (6 million international units, im qw).
Twelve months into treatment with interferonβ 1a, the
patient noticed bloody diarrhea, cramping and abdominal
pain. She was referred for colonoscopy (Figures 2 and 3)
and subsequently diagnosed with ulcerative colitis
(pancolitis). She experienced a short-term improvement on
5-amino-salicyclic acid (5-ASA) 1000 mg po tid, but later
required intravenous steroids for another flare-up.
Interferonβ 1a was discontinued, and she was switched
to glatiramer acetate (20 mg sq qd). When the steroids
were tapered, her symptoms worsened again and she
was referred to our Inflammatory Bowel Disease Center.
Since her symptoms did not improve on intravenous
prednisolone, her medication regimen was supplemented
with low-dose oral tacrolimus at a dose of 0.1 mg/kg body
weight aiming for serum trough levels of 4 to 8 ng/mL
and 6-mercaptopurine at a dose of 75 mg po qd, which
she tolerated well. Treatment with glatiramer acetate was
paused after tacrolimus was started.
Her symptoms gradually improved. The steroids were
successfully tapered. To date, both her MS and ulcerative
colitis are well controlled on 6-mercaptopurine and
tacrolimus. Tacrolimus is currently being tapered.
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Figure 1 T1-weighted axial MRI
showing contrast enhancing
lesion indicative of inflammatory
activity in MS.

Figure 3 Presence of ulcerative colitis hallmark features on histology (HE, x 5).

Figure 2 Severe ulcerative
colitis on colonoscopy.

DISCUSSION
Patients with inflammatory bowel disease (IBD) have
an increased risk of demyelinating diseases, but in our
patient multiple sclerosis (MS) preceded the development
of ulcerative colitis (UC) by approximately two years[5,6].
Type Ⅰ interferons are immunostimulatory agents and
development of autoimmune diseases during treatment
with interferons are common.
Few cases of aggravation or de novo development of
UC with interferons have been reported[2,3]. All but one,
where a renal cancer patient received alpha and gamma
interferon, occurred in patients treated with pegylated
interferons for chronic HCV infection. In our patient,
no signs of IBD were present before the initiation of
interferonβ 1a treatment. A treatment course of 10 mo
prior to the occurrence of the first symptoms of UC
suggests de novo development of IBD as a consequence of
long-term immunostimulatory treatment with interferonβ
1a.
Importantly, colitis activity did not decrease after
discontinuation of interferonβ 1a therapy, suggesting
triggering of a persistent specific autoimmune response by
interferonβ 1a as the underlying mechanism.
After discontinuation of interferonβ 1a, therapy
with glatiramer acetate was initiated. Glatiramer acetate
is a synthetic copolymer mimicking a portion of myelin
basic protein, one of several putative autoantigens in MS;
however, mechanism of its action is not fully understood.
In a mouse model of experimental colitis, it ameliorated

colitis symptoms and suppressed the production of
TNF-α, a key mediator of inflammation in both MS and
IBD[7,8]. However, it failed to demonstrate any additional
benefit for the induction of remission in our patient.
Recent data from our group and others suggest
that tacrolimus is an effective treatment option for
refractory UC [6,9,10]. Circumstantial and experimental
evidence suggests that patients with MS may benefit from
tacrolimus [11]. In a murine model of MS, experimental
autoimmune encephalomyelitis (EAE), tacrolimus
significantly decreased the amount of damage and
ameliorated the disease course[12].
The failure of the innate immune system to maintain
mucosal integrity has recently received great attention as
a possible cause of IBD[13]. Proponents of this theory
argue that T-cell responses in patients with IBD are
secondary, rather than primary events in the pathogenesis
of IBD. Therefore, some investigators suggested that the
enhancement rather than the suppression of the innate
immune system would result in an alleviation of symptoms
of IBD. Pilot studies with filgrastim (granulocyte colonystimulating factor) and sargramostim (granulocytemacrophage colony-stimulating factor) in patients
with Crohn's disease demonstrated clinical benefit [14].
However, several placebo-controlled follow-up trials of
sargramostim in patients with active Crohn's disease failed
to achieve their primary endpoint[15,16]. Likewise, controlled
studies with pegylated interferonα 2a and interferonβ 1a
in patients with active UC failed to demonstrate clinical
benefit[17,18].
In addition to the lack of efficacy in patients with IBD,
immunostimulatory regimens may be potentially harmful
and therefore put patients at risk to aggravate or induce
other autoimmune processes.
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Abstract
Intussusception in adults is rare. The clinical picture of
intussusception in adults is subtle and the diagnosis is,
therefore, elusive. The presence of a structural abnormality in the great majority of the adult cases mandates
high clinical suspicion. Gastrointestinal lipomas are rare
benign tumors and intussusception due to a gastrointestinal lipoma constitutes an infrequent clinical entity. The
present report describes a case of jejunojejunal intussusception in an adult with a history of severe episodes
of hematochezia and colicky upper abdominal pain. The
diagnosis was suspected preoperatively but computed
tomography scan could not rule out malignancy. Exploratory laparotomy revealed jejunojejunal intussusception
secondary to a lipoma which was successfully treated
with segmental intestinal resection.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Since its first description in 1674 [1], intussusception is

considered a disease of infancy and early childhood and
is the leading cause of acute abdomen in this age group,
second only to appendicitis[2]. However, in approximately
5% of cases, it may also be encountered in adulthood
accounting for 1% of adult intestinal obstructions[3,4].
Structural lesions are responsible for the majority of
the cases in adults with only a minority being idiopathic in
contrast to childhood intussusception[5]. In addition, the
possibility of malignancy as the causative lesion should
be considered in adult intussusception mandating surgical
exploration in the majority of cases[6].
Adult patients with intussusception may present with
acute abdominal pain necessitating surgical consultation
(acute abdomen) but intermittent bowel obstruction with
negative clinical and radiological findings is the usual case
scenario[7]. The diagnosis can be elusive for a long period
and is frequently established during laparotomy for the
obstructive symptoms.
Neoplasia, both benign and malignant, is the leading
cause of intestinal intussusception in adults[6]. Lipomas
of the small intestine are rare benign tumors with no
malignant potential, most commonly encountered
incidentally, since they are usually asymptomatic.
Symptomatic lipoma manifestations are hemorrhage
or intestinal obstr uction [8] . Due to their intramural
location, lipomas can also serve as the leading point for
intussusception.
We report on a case of an adult patient that presented
to our department for investigation of recent episodes
of lower gastrointestinal bleeding and colicky abdominal
pain. The causative lesion proved to be a jejunojejunal
intussusception due to a lipoma. A review of the literature
is also performed regarding this rare association revealing
the diagnostic and therapeutic debates that exist.

CASE REPORT
A 55-year-old man was admitted to our department with
a 3-mo history of intermittent rectal bleeding. During
this period, he had two episodes of hematochezia and
acute abdominal pain located in the upper abdomen.
During the first episode, physical and endoscopic (esoph
agogastroduodenoscopy and colonoscopy) examination
revealed no pathology. The patient had no past history of
peptic ulcer disease, alteration in bowel habits, melena or
weight loss. Furthermore, diagnostic procedures including
barium enema, abdominal computed tomography (CT),
angiography, and serum tumor markers were normal.
www.wjgnet.com
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Figure 1 Abdominal computed tomography showed an obstructive lesion of
the jejunum with dilatation of the edematous adjacent bowel loops. Enteroclysis
showed a circular obstructive lesion of the jejunum with apple-core appearance.
Close observation of the lesion shows the presence of radiation-lucent linear
markings, with barium fillings on either side, projecting to the adjacent loop
consistent with the walls of the intussusceptum.

A decrease of hemoglobin levels from 14 to 12 g/dL
was noted. He received no blood transfusion and was
discharged.
During the second episode, hemoglobin was 8.8 g/
dL and the pain had become constant. Repetition of esophagogastroduodenoscopy and colonoscopy revealed
no special findings. On the contrary, CT scan showed
marked small bowel wall thickening and also detected a
leading point with fat density (Figure 1). Small intestinal
intussusception caused by a lipoma was considered to be a
probable diagnosis. Abdominal conventional radiographs
showed dilation of the jejunum and enteroclysis
demonstrated an obstructing lesion (Figure 1).
At laparotomy, 40 cm distal to the ligament of Treitz,
a jejunojejunal intussusception was identified. Manual
reduction of the intussusception was performed. Palpation
of an intraluminal mass forced us to make an enterotomy
incision that revealed a 4 cm × 4 cm pedunculated lipoma
(Figure 2). The presence of irreversible ischemia in a small
portion of the intussusceptum necessitated segmental
resection and primary anastomosis. Pathologic examination
of the lesion confirmed our clinical impression of a
lipoma. The postoperative period was uneventful and
the patient was discharged on the seventh postoperative
day. At 3 years following surgery he is free of symptoms
without any evidence of recurrence.

DISCUSSION
Intussusception in adulthood is unusual, with an
incidence of approximately 2-3 cases per population of
1 000 000 per year[9]. There are distinctive features of adult
intussusception compared to the childhood cases in causes,
presentation and management.
Although childhood intussusception is considered idiopathic in 90% of cases, a demonstrable mechanical cause
can be revealed in adult intussusception in over 90% of
cases[3,5]. Moreover, the majority of intussusceptions in
pediatric patients are seen during the first year of life and
have no demonstrable structural cause while cases occurring later than the 5th year of life commonly have a causawww.wjgnet.com
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Figure 2 A pedunculated lesion, measuring 4 cm × 4 cm, was the lead point of
the intussusception. The lesion was covered with mucosa and was composed of
smooth submucosal fat. The clinical diagnosis of jejunal lipoma was subsequently
confirmed at pathologic evaluation.

tive lesion such as polyps, lymphoma, Meckel's diverticulum, or Henoch-Schonlein purpura[10].
Neoplasms are the most frequent causes of adult intussusception. The site of the intussusception is associated
with the possibility of malignancy with colocolonic intussusception reported having a neoplasia as the lead point
in 69% of cases and malignancy in 70% of them[6]. In the
small bowel, neoplasia is also the leading causative lesion
(57%) but malignancy is less frequent (30%)[6]. Adenocarcinoma is the most common malignant lesion in the colon
whereas metastatic melanoma accounts for the majority of
the malignant cases in the small bowel. Rarely, adenocarcinoma, lymphoma and leiomyosarcoma have been reported
to be the leading point of small bowel intussusception[3,4].
Benign lesions acting as lead points of intussusceptions
are most commonly pedunculated such as polyps, adenomatous in colon or Peutz-Jeghers in the small bowel, and
lipomas. Less common aetiologies include postoperative
factors (adhesions, suture lines, intestinal tubes) as well as
Meckel's diverticulum, celiac sprue, HIV infection and intramural hematoma[3,4].
Lipomas of the gastrointestinal tract (GIT) are
encountered with decreasing order of frequency in the
colon (65%-75%), small intestine (20%-25%), stomach,
and esophagus. They are the second most common
benign small bowel tumors, leiomyomas being the most
frequent. Their usual location in the small intestine is
ileum (50%) while jejunum is the least common. The peak
age of incidence is in the 6th-7th decades of life and it
appears that females are more prone to lipomas. Malignant
degeneration has never been reported.
GIT lipomas originate in the submucosa in 90% of
cases and usually are solitary (85%-90%) with variable
size ranging from 1 to 30 cm. In general, they form an
intramural, discrete, smooth or lobulated, round or ovoid,
soft mass covered by intact mucosa but occasionally they
protrude subserosally. Although usually asymptomatic,
they can give rise to symptoms related to their size and
location. Lesions less than 1 cm are considered incapable
of producing symptoms, while 75% of those greater than
4 cm are symptomatic. The symptoms of lipomas are the
result of intussusception (16%-19% of lipoma-associated
surgery), intestinal obstruction (occlusion of lumen by a
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large protruding lesion, retrograde prolapse of a polypoid
lipoma of duodenum into pylorus, volvulus of the small
intestine due to subserosal lipoma) and hemorrhage due
to ulceration of the overlying mucosa caused by direct
pressure from the lipoma or due to intussusception per
se[8,11,12].
The unique features of adult intussusception compared to childhood type also involve symptomatology
apart from aetiology. In contrast to the acute presentation of childhood intussusception, the adult type usually has a subacute or chronic onset. Fewer than 20% of
cases present acutely with complete bowel obstruction.
A palpable abdominal mass is present in only 7% to 42%
of cases[4,11,12] . Therefore, a high index of suspicion is
required. Long standing colicky abdominal pain, nausea,
vomiting, distention and GIT bleeding are common but
nonspecific. The diagnosis is often made at the time of
laparotomy, since the presenting symptoms and signs are
commonly non-diagnostic. According to the literature,
only 32% to 50% of cases are diagnosed preoperatively,
despite the evolution of imaging methods[3-5,13,14].
Imaging studies aid the diagnostic process. Plain abdominal films are non-specific and commonly demonstrate
the presence of multiple air-fluid levels suggestive of mechanical obstruction. Rarely, a mass lesion or intraluminal
air trapped between the walls of the intussusceptum and
intussuscipiens (air crescent sign) can be shown in the plain
abdominal radiograph but both findings lack specificity
and sensitivity to diagnose intussusception[15]. Barium meal
or enema may demonstrate the intussusception with the
characteristic finding of the coiled spring appearance while
the stretched spring sign has been associated with vascular
compromise[16]. Barium examinations are restricted to the
work up of a patient with subtle findings and should be
avoided in the acute setting due to the risk of bowel rupture and barium peritonitis.
Ultrasound is usually the first modality to be recruited.
It may evaluate acute abdominal complaints and bowel
obstruction in both children and adults in the emergency
room. Intussusception can be diagnosed based on the
findings of the "target-like" sign, the "doughnut" sign
when the transducer is oriented transversely to the intussusception, the "trident" sign when the transducer is positioned longitudinally, and the "pseudo kidney" sign when it
is visualized obliquely [17-19]. Ultrasound has the advantages
of being a fast and real time examination and, with the
use of the color Doppler capabilities; it can be helpful in
the determination of vascular obstruction. However, it is
operator-dependent and the presence of distended bowel
decreases the ability to demonstrate the site of the obstruction.
Computed tomography is the imaging method of
choice for diagnosing intussusception[12]. Intussusception,
on CT scans, appears as one of the following: (1) a mass
lesion, representing a thickened segment of bowel, (2) a
crescent-like, eccentric low-attenuation fatty mass, representing entrapped mesenteric fat, (3) a rim of contrast material encircling the intussusceptum, representing coating
of the opposing bowel walls of the intussusceptum and
intussuscipiens, (4) air bubbles peripheral to the upper part
of the intussusception, which, like contrast material, may
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enter between the opposing bowel walls, and (5) a leading mass[12,20,21]. Furthermore, CT can give indirect signs
of bowel ischemia such as the presence of intraperitoneal
fluid and the status of fluid or gas collection in the intestinal wall. Although CT diagnosis of intussusception is
relatively straightforward in the majority of cases, negative
findings do not preclude intussusception. The sensitivity
of CT scan to correctly diagnose intussusception has been
reported from 71.4%-87.5% while its specificity in adults
has been reported to be 100% as verified by the subsequent surgery [21-24]. However, particular caution should
be instituted in the cases of incidentally discovered intussusception in an otherwise asymptomatic patient during
abdominal CT examination. Follow up examinations rather
than surgery should be employed in such cases as long as
no lead point can be identified and the intussusception is
less than 3.5 cm long[25,26].
A diagnostic technique that may be used, depending
on the nature of symptoms, is capsule endoscopy.
Although obstructive symptoms are contradictory to
capsule endoscopy, this new modality for the evaluation
of the small bowel could be very helpful in cases with
long standing abdominal pain and negative radiologic
examination, either CT or barium studies, to exclude
the possibility of malignancy. Intussusception in capsule
endoscopy has been reported to appear as a mass lesion
of the small bowel[27,28]. The evaluation of incidentally
discovered intussusception in adults for the presence of
a structural lead point could be another indication for
capsule endoscopy [29]. Moreover, enteroscopy with the
push enteroscope can examine approximately 70-150 cm
of the small bowel and double balloon enteroscopy can
examine the full length of the small bowel both antegrade
and retrograde [30]. Those techniques are advantageous
over capsule endoscopy in that a biopsy specimen can be
acquired from any lesion discovered and even endoscopic
polypectomy is feasible through the working channel of
these scopes [31].
The treatment plan for adult intussusception consists
of segmental resection and primary restoration of the
continuity of the gastrointestinal tract, given the high
incidence of str uctural causes and the 6% to 30%
malignant nature of the lesions in adults[3-7,12-16]. However,
the extent of resection and whether or not the intussusception should be initially reduced remain controversial.
The dangers of transperitoneal, vascular, and intraluminal
seeding after exposing and handling friable and edematous malignant tissues has led many surgeons to advocate
en bloc resection of the lesion. Others argue that routine
en bloc resection might result in unnecessarily extensive
bowel resection. All surgeons agree, though, that reduction
should not be attempted if there are signs of irreversible
bowel ischemia, inflammation or when malignancy is being suspected[1,13,31,32]. Intussusceptions of the duodenum
or rectum are possible exceptions to en-block resection
because reduction could result in preservation of the
duodenum and avoidance of abdominoperineal resection,
respectively.
We believe that reduction could also be tried safely in
cases where diagnosis of a benign lesion has been reached
preoperatively. In our case, CT density measurement had
www.wjgnet.com
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shown that the lead point was consistent with a lipoma of
the small bowel. Although reduction was successful and
enterotomy verified the CT findings, resection was deemed
mandatory due to ischemia of a small portion of the small
bowel wall that failed to reverse.
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Abstract
Inflammatory myofibroblastic tumor (IMT) of the
alimentary tract often occurs in children or young adults,
but may occur at any age. Symptoms are nonspecific
and depend on the location of the tumor. The most often
involved sites are small bowel mesentery especially
the distal ileum, mesotransverse colon, or great
omentum. Recurrence appears to be more frequent in
the extrapulmonary lesion. Herein we demonstrate a
63-year-old male patient with mesenteric IMT, with an
early recurrence after his first operation. We should be
aware that if the tumor is larger than 8 cm, multinodular,
omental, with ill-defined margin, with pathologically
atypia, or ganglion-like cells, a close surveillence after
primary surgery with image study might be necessary
to detect the tumor recurrence early. Tumor recurrence
may be asymptomatic, and it may act like a malignant
tumor with a poor prognosis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Inflammatory myofibroblastic tumors (IMT) are rare soft
tissue tumors[1,2]. Apart from lung, the most frequently
involved sites are mesentery and omentum[2]. In addition,

nearly all of these extra-pulmonary IMTs occurred in
children and young adults[1-5]. Here, we report a case of
mesenteric IMT in an elder patient with early recurrence
and it acted as a malignant tumor.

CASE REPORT
A 63-year-old patient was referred to Kaohsiung Veterans
General Hospital due to left lower quadrant abdominal
cramping pain and a palpable mass lesion over left lower
quadrant for one week. This fisherman felt a variable
degree of abdominal cramping, especially after meal, for
one week, in the absence of nausea, vomiting, or diarrhea.
Physical examination revealed a palpable, non-tendered
mass lesion, 10 cm in size, over left lower quadrant.
An abdominal computed tomography (CT) scan was
performed, and an 11-cm heterogeneous mesenteric mass
lesion without bowel involvement but with central necrosis
was found at left lower quadrant (Figure 1). No regional
lymphoadenopathy was noted. Laboratory tests such as
hemoglobin, hematocrit, total and differential counts of
leukocytes, liver function (GOT, GPT), and renal function
were within normal limits. Chest X-ray revealed no active
lung lesion.
The patient underwent exploratory laparotomy. During
operation, a tumor at the mesentery of proximal jejunum,
11 cm × 11 cm × 7 cm in size, was found with focal
omentum involved (Figure 2). Segmental resection of
jejunum and its mesentery was performed and the bowel
was anatomized in end-to-end fashion. Another tumor
nodule about 0.5 cm at the mesentery of distal ileum was
also found and excised. The postoperative course was
uneventful. The patient was discharged 8 d after operation.
Unfortunately, tumor recurrence was noted 3 mo
later during the scheduled follow-up. The patient did not
felt uncomfortable, he lacked symptoms as abdominal
pain, nausea, or vomiting. Palpable mass lesion over midabdomen was noted. Abdominal CT revealed tumors
with sizes of about 9.5 cm and 5.5 cm respectively over
small bowel mesentery. The patient underwent a second
exploratory laparotomy two weeks after diagnosis of
tumor recurrence. The tumor, 19 cm × 17 cm × 10 cm
in size, involved the mesentery of both the jejunum and
ileum (Figure 3). Besides, the tumor invaded to bowel wall
of small intestine and sigmoid colon. Dense adhesion of
the tumor to other parts of the small bowel and transverse
colon was also noted. The tumor was removed after
massive resection of the jejunum, ileum, and a segment
www.wjgnet.com

3646

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

July 14, 2007

Volume 13

  Number 26

Figure 1 Abdominal CT scan showed a 11 cm heterogeneous mass at the
mesentery without bowel involvement.

Figure 3 The surgical specimen showed a tumor 19 cm × 17 cm × 10 cm in size
involving the mesentery of both jejunum and ileum.

Figure 2 A multinodular tumor at the mesentery of proximal jejunum, 11 cm ×
11 cm × 7 cm in size, with irregular margin was found on laparotomy, the omentum
was focally involved.

Figure 4 The saggital section showed that the tumor was well circumscribed,
grayish white, and firm with foci of hemorrhage, necrosis, and cystic degeneration.

of sigmoid colon. The bowel was anatomized in end-toend fashion. The remaining small bowel was about 120 cm
in length. The postoperative course was uneventful. The
patient was discharged 9 d after the operation.
Pathologic findings
Grossly, the specimen of the first operation consisted of a
resected jejunum and mesentery. The jejunum was 30 cm
in length and 7 cm in circumference. There was a tumor
located over jejunal subserosa and surrounding mesentery,
11 cm × 11 cm × 7 cm in size. The saggital cut section
showed that the tumor was well-circumscribed, grayish
white, and firm with foci of hemorrhage, necrosis, and
cystic degeneration (Figure 4). The cut end was free of
tumor cells.
The specimen of the second operation consisted of
two segments of resected bowel and mesentery. The small
intestines and sigmoid colon measured 90 cm and 7.5 cm
in length, 4 cm and 5 cm in circumference, respectively.
There was a tumor in the larger specimen over serosa and
mesentery 19 cm × 17 cm × 10 cm in size and 9 cm from
the intestinal cut margin. The cross section showed that
the tumor was well-circumscribed, grayish white, and firm.
Microscopically, both tumors were composed of
spindle-shaped myofibroblast cells, scanty giant cells,
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and many inflammatory cells embraced within collagenabundant and thin-wall blood-abundant vessels stroma.
Foci of necrosis were seen. Focal cells with mitoses area
were also noted (Figures 5 and 6).
By performing immunohistochemistry, the spindle cells
were shown to be positive for smooth muscle actin and
HHF-35 and negative for CD34 and CD117(C-kit).

DISCUSSION
IMT was first described by Dr. Brunn in 1939[6]. Other
terms that had been used to describe the same disease
entity included atypical fibromyxoid tumor, plasma cell
granuloma, pseudosarcomatous fibromyxoid tumor,
postoperative spindle cell nodules, and inflammatory
pseudo-tumors[2,3]. According to literature review, it was a
rare soft tissue tumor. The most common affected organ
reported was lung [7,8]. It was often asymptomatic and,
with a solitary pulmonary nodule or mass detected on
chest X ray and initially treated as lung cancer before the
pathological diagnosis was confirmed. However, IMT can
occur at any organ of the body. Among extrapulmonary
IMTs, 43% were found arising from the mesentery and
omentum[2,9]. Mesentery of small bowel, especially at distal
ileum, transverse colon, and great omentum were the most
common affected sites[1]. In the presented case, tumor
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Figure 5 Microscopically, the spindled myofibroblasts and ganglion-like cells
dispersed in a myxoid background with inflammatory reaction.

seemed to arise from the mesentery of proximal jejunum.
This tumor location appears to be rare [10]. The tumor
did not invade to the jejunal wall in its first presentation,
therefore intestinal obstruction or intussusception did not
occur.
IMTs were seldom diagnosed before operation [1].
Clinical presentation of intra-abdominal IMT depended
on its location and growth pattern. In general, the
most common initial symptoms and signs are palpable
mass, abdominal pain, weight loss, or fever. Laboratory
abnormalities are present in a minority of patients and
include an elevated erythrocyte sedimentation rate (ESR),
anemia, thrombocytosis, or hypergammaglobulinemia,
which often resolve after resection [11-14]. Occasionally,
IMT presented with symptoms like acute abdomen [10].
Our case presented clinically with an abdominal mass and
cramping pain. The imaging finding of the tumor was not
specific and it was often diagnosed, preoperatively, as other
intra-abdominal tumors, such as sarcoma, lymphoma,
adenocarcinoma, GIST, desmoid tumor, or carcinoid
tumor[1,3]. Because most of the IMTs had extensive central
necrosis[5], it is important to include IMT in the differential
diagnosis of any mesenteric mass that contained large,
irregular areas of necrosis.
In addition, MR findings of IMTs that occur at a
variety of extrapulmonary sites had been reported. On
MRI, intraabdominal myofibroblastic tumors usually
exhibit an intermediate signal intensity on T1-weighted
images and a heterogeneous high signal intensity on T2weighted images [4]. On T1-weighted images after GdPTA, intraabdominal IMT shows a variable enhancement
pattern depending on the relative amount of fibrous tissue
and cellular material[4]. Thus, it might be considered to add
MRI for further differential diagnosis of mesenteric mass
containing large, irregular areas of necrosis.
In most instances diagnosis is possible after
histopathologic examination. Spindled myofibroblasts,
fibroblasts, and inflammatory cells are the most frequent
cellular components of IMT. Tumors composed of
myofibroblasts and fibroblasts pose significant challenges
in differential diagnosis because of their morphological
overlap with IM T. T h is g r o up in cludes fib r o us
histiocytoma, malignant fibrous histiocytoma, nodular

3647

Figure 6 The spindled myofibroblasts invaded the muscle layer of bowel wall.

fasciitis, and other pseudosarcomas as fibromatosis,
myofibroblastoma, congenital-infantile fibrosarcoma,
or conventional fibrosarcoma [15] . Malignant fibrous
histiocytoma are characterized by marked cytological
and nuclear pleomorphism, often with bizarre tumor
giant cells, admixed with spindle cells, and often rounded
histiocyte-like cells in varying proportions[2]. By means of
immunohistochemistry, malignant fibrous histiocytoma
lack cytoplasmic reactivity for vimentin and smooth
muscle actin[2]. Based on the pathological patterns, extrapulmonary IMT are histologically categorized into
three types[1,5]: (1) resemble granulation tissue, nodular
fasciitis; (2) resemble fibromatosis, fibrous histocytoma,
smooth muscle neoplasm; (3) resemble a scar or desmoid
fibromatosis. Performing immunohistochemical staining,
most IMTs show cytoplasmic reactivity for vimentin and
smooth muscle actin [2]. In the patient described here,
the tumor was categorized to belong to the first type.
Diagnosis was repeatedly confirmed by more than two
pathologists in two different teaching hospitals.
In contrast to malignant fibrous histiocytoma in gross
appearance, IMT showed a circumscribed or multinodular
firm, white, or tan mass with a whorled flesh or myxoid
cut surface. Malignant fibrous histiocytoma showed
well circumscribed, expansive masses which may appear
pseudocapsulated, and cut surface is variable and may
include pale fibrous or fleshy areas[2].
In most reported cases, a solitary lesion was found for
pulmonary or extrapulmonary IMT. However, multiple
nodules might be occasionally present. The size reported
ranged from 1 cm to 17 cm [3]. In comparison, most
extrapulmonary IMTs, especially those of the mesenteric
type, were larger in size[3]. Recurrence were documented in
18% to 40% of reported cases and appeared to occur more
frequently in extrapulmonary IMTs, which were often
larger than 8 cm and locally invasive in primary tumor[3,16].
In the report of Coffin and Fletcher, the recurrent
rate was estimated about 25%[2]. They also pointed out
that IMTs of intraabdominal, mensenteric, omental, or
retroperitoneal origin and with multinodular or ill-defined
gross appearance correlated with a propensity for more
aggressive clinical behavior in the form of local recurrence
or persistence of an incompletely resected mass [3]. In
our case, the tumor was large (11 cm), multinodular,
www.wjgnet.com
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and located at mesentery. As mentioned before, the
tumor recurred 3 mo after primary resection and had a
clinical behavior more like malignant tumor. Therefore,
a close follow-up protocol including abdominal CT scan,
sonography, chest x ray, and some laboratory tests such
as ESR, gammaglobulin, or Hb, might be important for
patients with tumors of large size, multinodularity, an ill
defined margin, or mesenteric origin.
The treatment was straightforward; resection remains
to be the best method of choice. Some other treatments
such as adjuvant chemotherapy or radiotherapy have been
tried in the past[3]. Unfortunately, all of these adjuvant
treatments of IMT were proved to have no or only little
benefit for the patient[14].
Some had pointed that IMT of the mesentery of
small bowel has a very uncommon benign process [1,3].
However, Moli et al[17] found that a variety of biologic
behaviors ranged from the frequently benign lesion to
more aggressive variants could be seen in retroperitoneal
IMTs. There is increasing cytogenetic evidence that
IMT is neoplasm with actually malignant potential, as
demonstrated by the presence of clonality in a few cases[18].
It is increasingly recognized that this tumor is potentially
locally aggressive and capable of distant metastasis with
substantial morbidity and mortality. Although most
specialists believed that the prognosis couldn't be reliably
predicted on the basis of the typical pathological features[3],
in the report of Jerry et al, the presence of atypia and
ganglion-like cells are described to be associated with
recurrence or malignant transformation[19]. In the patient
described here, it was estimated that, from the last OPD
follow-up to the second operation, tumor size doubled
in two weeks. It actually acted as a malignant tumor,
however, from the basis of our secondary pathologic
examinations, the tumor did not transform to a malignant
lesion resembling histiocytic sarcoma. The two pathologic
reports of our case were consistent in many parameters,
the tumor showed a high degree cellularity and cytological
atypia with ganglion-like cells. On the other hand, we must
admit that some tiny or occult nodules could be possibly
missed by naked eyes during first exploratory laparotomy.
It might explain its early recurrence and rapid growth in
our case.
In summary, intra-abdominal IMTs are clinically and
radiologically difficult to differentiate from other intraabdominal malignant tumors. In an elderly patient with
an abdominal mass, it is reasonable to consider the
possibility of IMT if other diagnoses are excluded. MRI
might provide useful information for diagnosis preoperatively. Since IMTs of the alimentary tract have a
high potential of local recurrence, and treatments are not
effective[5,14], aggressive en-bloc resection of the tumors
remains the best choice of treatment for patients with
IMTs. Furthermore, in case that the tumor is larger than 8
cm, multinodular, originated from omentum, ill-defined in
margin, or presented with pathologically atypia, ganglionlike cells, a close follow-up after primary surgery might be
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necessary for an early detection of a recurrent tumor.
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Abstract
Sclerosing encapsulating peritonitis (SEP) is a rare
cause of intestinal obstruction that is characterized
by a thick grayish-white fibrotic membrane encasing
the small bowel. SEP can be classified as idiopathic,
also known as abdominal cocoon, or secondary. It is
difficult to make a definite pre-operative diagnosis. We
experienced five cases of abdominal cocoon, and the
case files were reviewed retrospectively for the clinical
presentation, operative findings and outcome. All the
patients presented with acute, subacute and chronic
intestinal obstruction. Computed tomography (CT)
showed characteristic findings of small bowel loops
congregated to the center of the abdomen encased by a
soft-tissue density mantle in four cases. Four cases had
an uneventful post-operative period, one case received
second adhesiolysis due to persistent ileus. The imaging
techniques may facilitate pre-operative diagnosis.
Surgery is important in the management of SEP.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The sclerosing encapsulating peritonitis (SEP) is a rare
cause of intestinal obstruction, which is characterized by the
encasement of the small bowel by a fibrocollagenic cocoon

like sac[1,2]. It was first observed by Owtschinnikow in 1907
and was called peritonitis chronica fibrosa incapsulata[2].
SEP can be classified as idiopathic or secondary. The
idiopathic form is also known as abdominal cocoon[1], the
etiology of this entity has remained relatively unknown.

CASE REPORT
Five patients who presented to our hospital over a period
of 4 years (2002-2006) with acute, subacute and chronic
intestinal obstruction, were diagnosed as having abdominal
cocoon on laparotomy and histopathology. The case files
of these patients were reviewed retrospectively for the
clinical presentation, operative findings and outcome.
The average age of the patients was 37.6 years (range,
21-49 years), with 3 male and 2 female, and with no
previous histories of abdominal operation, peritonitis or
prolonged drug intake. All the patients presented with
recurrent episodes (range, 1-6) of intestinal obstruction, i.e.
colicky abdominal pain, non-bilious vomiting, abdominal
distension and constipation, over a duration of 2 wk to
10 years prior to attending the hospital emergency. Plain
abdominal X-ray showed few to multiple air-fluid levels
centrally located, without free intraperitoneal gas. Contrastenhanced abdomen computed tomography (CT) showed
characteristic findings of small bowel loops congregated
to the center of the abdomen encased by a soft-tissue
density mantle in 4 cases (Figure 1). Endoscopy of upper
and lower gastrointestinal tract and biopsies from the
duodenum and colon provided normal findings.
Exploratory laparotomy was performed as there was
no resolution of symptoms on conservative treatment.
Intraoperatively, a fibrous capsule approximately 2-10
mm thick covering abdominal viscera was revealed, in
which small bowel loops were encased, with the presence
of interloop adhesions. The stomach and part of colon
were covered in 2 cases. The greater omentum appeared
hypoplastic in 2 cases, and mesenteric vessel malformation
was demonstrated in 1 case. At surgery, the covering
membrane in addition to dense interbowel adhesions
was freed in order to relieve the obstruction. Partial
jejunectomy and jejunoileostomy were performed in 1 case
due to severe interbowel adhesions and extreme jejunal
dilatation which considered as nonviable.
The histological examination of the membranous
tissue shows proliferation of fibroconnective tissue with
non-specific chronic inflammatory reaction (Figure 2).
Diagnosis of idiopathic SEP was established based on
the intraoperative findings and by ruling-out any other
www.wjgnet.com
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Table 1 Summary of patient data, clinical presentation,
operative findings and outcome
Sex Age Clinical
Operative
presentation findings

Figure 1 Contrast-enhanced abdomen computed tomography (CT) demonstrating
characteristic findings of small bowel loops congregated to the center of the
abdomen encased by a soft-tissue density mantle (arrow).

Figure 2 Histological examination of membranous tissues shows proliferation of
fibroconnective tissues (HE, × 100 ).

conditions explaining the patient's pathology.
Four cases had an uneventful post-operative period
and passed stool spontaneously four to five days after
operation, and were discharged from the hospital on
the 10th-14th post-operative day, no recurrence has been
described on follow-up till now. Only one patient received
second adhesiolysis due to persistent ileus on d 45 after
first operation, symptoms resolved four days after the
second operation, and the patient is well on follow-up.

DISCUSSION
Sclerosing encapsulating peritonitis (SEP) is a rare
condition of unknown etiology in clinic. It is characterized
by a thick grayish-white fibrotic membrane, partially or
totally encasing the small bowel[1,2]. The fibrocollagenic
cocoon can extend to involve other organs like the large
intestine, liver and stomach. Clinically, it presents with
recurrent episodes of acute, subacute or chronic small
bowel obstruction, weight loss, nausea and anorexia, and at
times with a palpable abdominal mass, but some patients
may be asymptomatic[12].
SEP can be classified as idiopathic or secondary. The
secondary form of SEP has been reported in association
with continuous ambulator y peritoneal dialysis [3,4] .
Other rare causes include abdominal tuberculosis [5,6],
www.wjgnet.com

Case 1

F

41

Case 2

F

49

Case 3

M

21

Case 4

M

41

Case 5

M

36

2 episodes
of intestinal
obstruction
for the
last 4 mo
6 episodes
of intestinal
for the
last 10 yr
3 episodes
of intestinal
obstruction
for the
last 3 yr

Cocoon
greater
omentum
hypoplasia

Cocoon
(extend to
stomach
and colon)
Cocoon
greater
omentum
hypoplasia
mesenteric
vessels
malformation
2 episodes Cocoon
of intestinal jejunum
obstruction dilatation
for the
extensively
last 1 mo
Acute
Cocoon
intestinal
(extend to
obstruction stomach and
colon)

Operative
procedure

Outcome

Adhesiolysis

Second
adhesiolysis
Well on
follow-up
(5 yr)
Well on
follow-up
(14 mo)

Adhesiolysis

Adhesiolysis

Well on
follow- up
(11 mo)

Adhesiolysis Well on
Resection and follow- up
anastomosis (3 yr)

Adhesiolysis

Well on
follow- up
(4 mo)

Beta-blocker practolol intake [7] , ventriculoperitoneal
and peritoneovenous shunts [8,9] , or thotopic liver
transplantation [10] and recur rent peritonitis, all of
which were absent in our patients. The idiopathic form
also known as abdominal cocoon has been classically
described in young adolescent females from the tropical
and subtropical countries. The etiology of this entity has
remained relatively unknown. To explain the etiology,
a number of hypotheses have been proposed. These
include retrograde menstruation with a superimposed
viral infection[1], retrograde peritonitis and cell-mediated
immunological tissue damage incited by gynecological
infection[11]. However, since this condition has also been
seen to affect males, premenopausal females and children,
there seems to be little support for these theories[2,12,13].
Further hypotheses are therefore needed to explain the
cause of idiopathic SEP. Since abdominal cocoon is
often accompanied by other embryologic abnormalities
such as greater omentum hypoplasia, and developmental
abnormality may be an probable etiology[14,15]. In our study,
in addition to greater omentum hypoplasia in 2 cases,
mesenteric vessel malformation was demonstrated in one
case. To elucidate the precise etiology of idiopathic SEP,
further studies of cases are necessary.
Although it is difficult to make a definite preoperative diagnosis, most cases are diagnosed incidentally
at laparotomy, and a better awareness of this entity and
the imaging techniques may facilitate pre-operatively
diagnosis[16]. Ultrasonography may show a thick-walled
mass containing bowel loops, loculated ascites and fibrous
adhesions[4]. Barium small bowel series showed the ileal
loops clumped together within a sac, giving a cauliflower-

Xu P et al . Idiopathic sclerosing encapsulating peritonitis

like appearance on sequential films[17]. In our study, we
successfully diagnosed abdominal cocoon in two of these
cases by a combination of abdominal CT and clinical
presentations. The characteristic findings of CT include
that small bowel loops congregated to the center of the
abdomen, encased by a soft-tissue density mantle which
can not be contrast enhanced, and interbowel ascites was
demonstrated in some cases.
Management of SEP is debated[18]. But most authors
agreed that surgical treatment is required. At surgery,
in addition to careful dissection and excision of the
covering membrane, dense interbowel adhesions also
need to be freed for complete recovery[19,20]. In order to
avoid complications of postoperative intestinal leakage
and short-intestine syndrome, resection of the bowel is
indicated only if it is nonviable. No surgical treatment is
required in asymptomatic SEP[21]. Surgical complications
were reported including intra-abdominal infections,
enterocutaneous fistula and perforated bowel [22] . In
the present patients, beside repeated adhesiolysis was
required in one case, no recurrence and complication were
described in post-operative follow-up.
In summary, SEP is rare, and it is difficult to make a
definite pre-operative diagnosis. But clinical suspicion may
be generated by the recurrent episodes of small intestinal
obstruction combined with relevant imaging findings and
lack of other plausible etiologies. Surgery is important in
the management of SEP. Careful dissection and excision
of the thick sac with the release of the small intestine leads
to complete recovery.
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Abstract
Endoscopic mucosal resection (EMR) has been
established as one of the treatment options for early
gastric cancer (EGC). However, there are many uncertain
areas such as indications of EMR, best treatment
methods, management of complications and follow-up
methods after the procedure. Most studies on this topic
have been carried out by researchers in Japan. In Korea,
gastric cancer is the most common malignant disease,
and the second leading cause of cancer death. In these
days, EMR for EGC is widely performed in many centers
in Korea. In this review, we will provide an overview of
the techniques and outcomes of EMR in Korea.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Early gastric cancer (EGC) is defined as gastric carcinoma
confined to the mucosa or submucosa regardless of
the presence of regional lymph node metastases[1]. The
detection rate of EGC has been steadily increasing because
of technical advances and awareness of benefit from early
diagnosis, especially in eastern countries. Patients who
undergo resection for EGC have an excellent prognosis,

with a 5-year survival rate of over 90%[2]. However, the
quality of life after conventional surgical resection of
gastric cancer is substantially impaired. Therefore, less
invasive treatment options for EGC have been developed.
Endoscopic mucosal resection (EMR) was first introduced
as a treatment modality for EGC in 1984. Since then,
various accessories and techniques of EMR have been
developed. Early data sug gest that EMR provides a
survival rate of 90% comparable to that of surgery if the
technique is applied with the appropriate indication[3,4]. In
addition, morbidity and mortality associated with surgery
can be avoided and specimens for accurate pathologic
staging can be obtained. Therefore, EMR is currently
accepted as a standard treatment for selected cases with
EGC[5-7]. Most studies on this topic were performed in
Japan, where the incidence of early gastric cancer is very
high. Recently, experiences of EMR for EGC in other
countries are increasingly reported[7-10]. In this review, we
will provide an overview of the techniques and outcomes
of EMR in Korea.

INDICATIONS OF EMR
With technical advances of EMR, the size of a lesion
which can be resected en bloc is becoming larger [6] .
Care must be given because EMR has a very important
limitation that lymph nodes cannot be dissected. Data
from Korea and Japan have shown that the incidence of
lymph node metastasis in intramucosal EGC is about
2%-3% and the risks increase up to 20% when submucosal
invasions are present[6,11-13]. Because results of long-term
controlled trials are not available, the current indications
of EMR are based on the detailed analysis of pathology
results from surgically resected gastric cancers. Regarding
this issue, inter-observer and/or inter-institutional variation
in the pathology report of surgical and EMR specimen
may be a great problem[14]. In addition, pathology reports
before and after EMR may be different. For example,
pathology specimen of EMR for gastric dysplasia in
some cases may show gastric cancers[15]. It is important
to standardize the pathology report to compare surgery
or EMR results from different institutions. In Korea, the
Gastrointestinal Pathology Study Group of the Korean
Society of Pathologists developed a standardized reporting
format for gastric cancer[16].
The ideal candidates for EMR are EGC patients who
have no risk of lymph node metastasis. The problem
is that there is no method that can definitely evaluate
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the status of lymph node without surgical dissection.
Ideally, endoscopic ultrasound (EUS) should be useful
for selecting patients without lymph node metastasis.
However, clinical studies evaluating the role of EUS before
EMR for EGC have shown unsatisfactory results [17,18].
Although standard surgery for gastric cancer is one of the
most safe abdominal surgical procedures, the mortality
rate is around 0.5%-1.0% in eastern countries [19]. This
rate was considered when selecting candidates for EMR,
because the risk of lymph node metastasis in patients with
EMR should be lower than the surgical risk. From analysis
of surgical data, patients with EGC who had minimal
risk of lymph node metastasis could be identified and
indications of EMR could be established. The current
accepted indications of EMR for the treatment of EGC
are as follows: (1) differentiated (well- and/or moderately
differentiated adenocarcinoma and/or papillary carcinoma)
type confined to the mucosa; (2) smaller than 2 cm for
superficially elevated type lesions; (3) smaller than 1
cm for the flat and depressed type lesions; (4) without
ulcer or ulcer scar; and (5) without venous or lymphatic
involvement[6].
Recently, based on some clinical observation and
surgical data, expanded criteria for EMR have been
proposed [6,20,21]. One report in which EMR indications
included EGC lesions as large as 3 cm showed the disease
free survival rates of 98% during a median follow-up
of 38 mo when complete resections were performed[4].
Recent large surgical data from Gotoda et al also provided
supporting evidence for expanded criteria. In differentiated
mucosal cancer which size was 3 cm or smaller, no lymph
node metastasis was observed irrespective of the lesion
ulceration; in differentiated mucosal cancer without
ulceration, no patient had nodal metastasis regardless of
tumor size; and, finally, in differentiated minute submucosal
cancer (SM1), no nodal metastasis was found if tumor size
was no more than 3 cm[21]. In some institutions, EMR for
selected cases with poorly differentiated type of EGC has
been tried[22]. However, a long-term follow-up seems to
be necessary to make a firm conclusion. With the recent
technical advancement, endoscopic treatment of recurred
gastric cancer after EMR has also been tried in some
institutions[23].
Regarding the indications of EMR for EGC, we
have a relatively conser vative position for adopting
expanded criteria because of the following reasons: (1)
long-term outcome data for expanded criteria are still
insufficient; (2) distinction between SM1 (upper onethird of the submucosal layer) and SM2 (middle one-third
of the submucosal layer) in pathologic specimen is very
subjective; and (3) the thickness of resected submucosal
layer is not constant.

TECHNIQUES OF EMR
The instruments and methods of EMR in Korea are
basically the same as in Japan. The most advanced
technique of EMR is endoscopic submucosal dissection
(ESD) [24] , which is also widely perfor med in Korea.
Detailed description of the technical aspects is out of the
scope of this review. However, some comments seem to
www.wjgnet.com
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be necessary.
The practice of EMR requires application of additional
techniques to standard endoscopy. Chromoscopy is
important for delineating the border and assessing
the depth of the lesion. Most commonly used stain is
indigo carmine solution. During the indigo carmine
chromoendoscopy before EMR, some additional lesions
of a few millimeters may be found. However, most of
the additionally detected lesions are non-neoplastic [25].
Therefore, routine chromoendoscopy for normal-looking
mucosa seems to be unnecessary. Narrow band imaging
(NBI) with magnification is a relatively new technique to
evaluate the mucosal surface in detail[26]. However, it is not
certain whether application of NBI before EMR helps
increase the rate of complete resection.
Ideally, endoscopic ultrasonography (EUS) should be
used in order to further ascertain the depth of invasion
before EMR. Accuracy of endoscopic ultrasonography
for predicting the depth of gastric cancers was reported
to be 70%-80%[18,27,28]. This kind of accuracy range cannot
be considered to be sensitive enough to select cancers
limited in the mucosal layer. In the EUS evaluation of
EGC, overstaging of mucosal cancer as submucosal
cancer is reported to be quite common[18]. The overstaging
can lead to unnecessary surgery which may have a great
impact on the patient’s quality of life. In contrast, EUS has
some limitation in the detection of microinvasion into the
submucosal layer. Until now, the use of EUS before EMR
seems to be operator-dependent.
The list of EMR methods is quite long[29], but the basic
steps are in common: (1) delineation of the lateral margin
with or without chromoendoscopy, (2) marking using brief
burst of electrocautery or argon plasma coagulation, (3)
submucosal injection to lift the lesion, and (4) resection
of the lesion. Before the development of ESD, EMR with
circumferential precutting (EMR-P) was the best method
to cut larger lesions in one piece[30]. Recently, ESD has
become the most commonly used method to resect large
lesions[31,32]. ESD was originally developed in Japan, but it
is also being performed in other parts of the world[10,33,34].
In Japan, the development of ESD was largely based on
new devices like IT-knife, Flex-knife, Hook-knife, triangletipped knife, and narrow calibered transparent hood. In
Korea, new types of knives such as Fixed flexible snare
and Endo FK were also developed.

COMPLICATIONS OF EMR
The complications of EMR include pain, bleeding,
perforation, and EMR-induced ulcer. Pain after resection
is typically mild and dull in nature. Pain can be controlled
using a standard dose of proton pump inhibitor (PPI)
twice a day with or without analgesics. Bleeding is the
most common complication and most bleeding occurs
during the procedure or within 24 h[9]. Bleeding can be
successfully treated in most cases through coagulation of
the bleeding vessels, or placement of metallic clips.
EMR-induced ulcer is reported to heal faster and to
recur less often than noniatrogenic gastric ulcer and usually
treated with antisecretory agents. One study showed that
all ESD-induced ulcers healed within 8 wk regardless of
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size and location using standard doses of PPI for 8 wk[35].
However, there is no consensus regarding the duration
of PPI therapy for these ulcers. Recently, our institution
reported that 1 wk omeprazole therapy is equivalent to 4
wk therapy in terms of EMR-induced ulcer healing rate
and ulcer-related symptoms[36]. It is not certain whether
administration of anti-acids before EMR reduces the
complications of EMR. Watanabe et al [37] conducted a
randomized clinical study in which EMR was performed
with or without 1 wk of preoperative PPI administration.
Artificial ulcers created by EMR healed more rapidly in
patients who received preoperative PPI. They concluded
that preoperative administration of PPI before EMR is
useful for controlling and preventing bleeding, and for
facilitating the healing of artificial ulcers[37]. Further studies
are necessary to determine the optimal medical treatment
in terms of selection of drugs, duration of treatment,
mode of administration and the necessity of pre-EMR
medication.
The rate of perforation by EMR is about 1%-7%[5,38].
Immediately recognized small perforations can be
successfully treated non-surgically with a combination
of endoscopic clipping, nasogastric suction, and broadspectr um antibiotics [38] . Large perforations require
immediate surgery. However, management of patients
with microperforation (case with free air on chest X-ray
after EMR without recognizing perforation during the
procedure) is not well established. In our institution,
we experienced 13 cases of microperforations during
last two and a half years[39]. Among them, 11 cases were
successfully treated only with fasting, nasogastric tube
drainage, and broad-spectrum antibiotics. About two thirds
of the patients with microperforation (7/11) experienced
abdominal pain that required short-term intermittent
intravenous analgesics. No additional endoscopic treatment
was needed[39]. In order to detect microperforation, we
recommend to check chest X-ray immediately after EMR.

ADDITIONAL TREATMENT AFTER EMR
Histological examination after EMR is very important to
determine the completeness of resection. Radical surgery
or additional endoscopic treatment may be recommended
for patients with incomplete resection.
Histologically, positive resection margin can be
divided into two types; positive lateral resection margin
and positive vertical resection margin. If only the lateral
margin is positive, additional endoscopic treatment may
be tried. However, great care must be given to the positive
vertical resection margin. When the vertical margin
is positive for malignant cells, the depth of invasion
cannot be determined. In EMR, the depth of resection is
usually the mid-submucosal layer. So, the positive vertical
resection margin usually means that the depth of tumor
invasion is SM2 or more. Chung et al [40] reported their
result of surgery after incomplete endoscopic resection
for EGC. In 10 patients with positive resection margin
in EMR specimens, there were 2 cases with lymph node
metastasis[40]. In our opinion, radical surgery is mandatory
when the vertical resection margin of the EMR specimen
is positive.
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EMR is usually attempted when the cancer is
thought to be limited to the mucosal layer. However,
about 10%-20% of EMR specimens show evidence
of submucosal invasion [4] . There is no consensus on
the necessity of additional surgery for these cases. The
safest way is to do radical surgery in every patient with
submucosal invasion. However, careful observation is a
possible option for cases with minute submucosal invasion
in SM1 layer with negative vertical margin[5]. The cutoff
value of minute submucosal invasion in SM1 layer is
usually 500 μm. Recently, Cho et al[41] raised a concern
about this cutoff value. When a 2 cm × 2 cm piece of
porcine gastric wall was stretched into 3 cm × 3 cm, the
thickness of submucosal layer decreased from 500 μm to
200 μm. This was exactly the same in the human gastric
mucosa. When a 2.5 cm × 1.0 cm piece of human gastric
antral wall was stretched into 3.0 cm × 1.0 cm, the depth
of submucosa decreased from 620-650 μm to 250-300
[41]
μm .

OUTCOMES OF EMR
The best way of evaluating the efficacy of a new treatment
is a long-term, large-scaled randomized controlled trial.
However, the excellent prognosis after surgical treatment
(especially in cases indicated for EMR) makes controlled
trial almost impossible. So, the best feasible evidence of
the efficacy of EMR is a long-term clinical follow-up data.
Earlier experiences of EMR for EGC from 12 major
institutions in Japan were reported by Kojima et al [42]
in 1998. The lift-and-cut, EMR using a cap (EMR-C),
and EMR with ligation (EMR-L) techniques were most
commonly used. En bloc resection rate was 75.8%,
and complete resection rate was 73.9%. The follow-up
period was from 4 mo to 11 years. Recurrence rate after
histopathologically documented eradication was 1.9% and
recurred lesions were treated with endoscopic retreatment
or surgery. The disease-specific survival rate was 99.1%.
The most commonly referenced result of endoscopic
mucosal resection of EMR was published in 2001 by Ono[4].
Four hundred and seventy nine cancers in 445 patients
were treated by EMR from 1987 to 1998, but submucosal
invasion was found on subsequent pathological examination
in 74 tumors. Sixty nine percent of intramucosal cancers
(278/405) were resected with a clear margin. Local
recurrence in the stomach occurred in 17 lesions followed
conservatively, in one lesion treated endoscopically, and in
five lesions with complete resection. There were no gastric
cancer related deaths during a median follow up period of
38 (3-120) mo[4].
Recently, Oda et al reported the outcomes of ESD for
EGC using IT knife, which was superior to that of other
conventional methods [43]. They used expanded criteria,
suggested by Gotoda et al as mentioned above[5,6]. En bloc
resection rate was up to 98%, and complete resection rate
was 83%[43].
In Korea, a multi-center, retrospective study has been
performed [34]. From January 2000 to December 2002,
514 EGCs in 506 patients were treated by EMR in 13
institutions. The most commonly used technique was
circumferential precutting followed by snare resection
www.wjgnet.com
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(EMR-P, n = 269, 52.3%). Complete resection and
incomplete resection after EMR were confirmed in 399
lesions (77.6%) and 103 lesions (20.0%), respectively. For
completely resected mucosal cancers (n = 399), the median
duration of follow-up was 23.5 (range, 5-70) mo. In this
group, local recurrence was detected in 24 cases (6.0%)
with a median interval between EMR and recurrence
of 17.9 (range, 3.5-51.7) mo. There were 3 cases with
perforation and 71 cases with bleeding. There was no
death related with recurrence of gastric cancer during the
overall median follow-up period of 39 mo[34].
In our institution, 283 patients with EGC have been
treated by EMR from January 2000 to June 2005[39]. The
median age of the patients was 64 (range 26-85) years. The
male to female ratio was 3.2:1. The methods of EMR were
mainly snare resection after circumferential precutting
(EMR-P, n = 162) and ESD (n = 91). The criteria for
curative resection were en bloc resection or complete
resection in piecemeal resection, well or moderately
differentiated histology, free of tumor in resected margin,
intramucosal lesion, and no vascular or lymphatic invasion.
Additional treatments, usually surgery, were recommended
for cases with non-curative or non-evaluable results. The
median duration of follow-up was 21 (range 3-66) mo.
The mean size of cancerous lesion was 1.38 cm. The
overall rate of curative resection was 72.1%. The rate of
curative resection was highest with ESD (80.2%), followed
by EMR-P (70.3%). Submucosal invasion was found
in 44 cases (15.5%). In patients with curative resection,
local recurrence at EMR site was found in only one case
(0.5%). In 51 cases who underwent surgical resection
due to non-curative or non-evaluable resection, residual
cancer was found in 13 cases (25.0%). Among 28 patients,
who were followed up without surgery after non-curative
or non-evaluable results, there were 13 recurrences (12
local recurrences and 1 hepatic metastasis) after a median
follow-up of 7 mo. Five patients died during the follow-up
period, but there was no death related to gastric cancer[39].
Jung et al [44] showed comparable results to ours. In
that study, 341 EGC patients were treated by EMR-P.
Complete resection rate was 84.5%. During 47 mo of
follow-up, 1.4% of patients underwent recurrence after
complete resection. Recurrence rate after incomplete or
non-evaluable resection without additional treatment
was 9.1%. The median duration between EMR and local
recurrence was 21 mo. The overall 5-year survival rate after
EMR was 90% and no death from gastric cancer occurred
during follow-up[44].
Rye et al[45] reported their follow-up results after EMR
for gastric adenoma or EGC. More than 80% of cases
were treated with endoscopic incision and submucosal
dissection (EISD). The recurrence rate was 9.6% (4/41) in
patients treated with conventional EMR, and 3.5% (8/230)
in patients treated with EISD[45].
Lee et al [41] repor ted a prospective randomized
controlled trial of EMR evaluating the efficacy of a
fibrinogen mixture as a submucosal injection solution. No
significant differences were observed between the 2 groups
(the fibrinogen mixture group versus the normal saline
group) in the rates of en bloc resection (80.6% vs 88.9%),
complete resection rate (86.1% vs 80.6%), and recurrence
www.wjgnet.com
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rate (3% vs 6.1%)[41].
Youn et al[46] reported their clinical outcomes of EMR
for EGC. The overall complete resection rate was 84.6%
(126/149) while complete resection rate of 93.5% was
achieved in mucosal cancers (115/123). The success of
complete resection was significantly affected by endoscopic
gross type (depressed lesion), the degree of differentiation,
and the depth of invasion, independently. There were
5 cases of local recurrence with no disease-related or
treatment-related mortality during the follow-up period[46].

FUTURE PERSPECTIVES
Recent data suggest that EMR provides comparable
results to surgery for selected cases of EGC. In addition,
limitations in EMR have been reducing with the technical
advancement. However, to treat more EGCs with EMR,
some efforts need to be made: (1) More long-term followup data are necessary to support the role of EMR in
EGC treatment. Multicenter prospective studies should be
performed in many countries. (2) The technical details of
EMR need to be standardized, so that more endoscopists
can perform EMR with an acceptable level of technical
skills. Teaching systems by experts may help trainees
to challenge EMR more easily; (3) Standardization of
the pathological interpretation of resected specimen is
necessary, so that the results from various institutions
can be shared and compared. With these efforts, EMR
will become safer and more reliable methods for EGC
treatment.
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Abstract
Since its advent more than 20 years ago, endoscopic
ultrasound (EUS) has undergone evolution from an
experimental to a diagnostic instrument and is now
established as a therapeutic tool for endoscopists.
Endoscopic ultrasound cannot accurately distinguish
benign from malignant changes in the primary lesion
or lymph node on imaging alone. With the introduction
of the curved linear array echoendoscope in the 1990s,
the indications for EUS have expanded. The curved
linear array echoendoscope enables the visualization of
a needle as it exits from the biopsy channel in the same
plane of ultrasound imaging in real time. This allows the
endoscopist to perform a whole range of interventional
applications ranging from fine needle aspiration (FNA)
of lesions surrounding the gastrointestinal tract to celiac
plexus block and drainage of pancreatic pseudocyst. This
article reviews the current role of EUS and EUS-FNA in
diagnosis, staging and interventional application of solid
pancreatic cancer.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Since its advent more than 20 years ago, endoscopic
ultrasound (EUS) has undergone evolution from an
experimental to a diagnostic instrument and is now
established as a therapeutic tool for endoscopists.
www.wjgnet.com

Endoscopic ultrasound cannot accurately distinguish
benign from malignant changes in the primary lesion
or lymph node on imaging alone. With the introduction
of the curved linear array echoendoscope in the 1990s,
the indications for EUS have expanded. The curved
linear array echoendoscope enables the visualization of
a needle as it exits from the biopsy channel in the same
plane of ultrasound imaging in real time. This allows the
endoscopist to perform a whole range of interventional
applications ranging from fine needle aspiration (FNA)
of lesions surrounding the gastrointestinal tract to celiac
plexus block and drainage of pancreatic pseudocyst. This
article reviews the current role of EUS and EUS-FNA in
diagnosis, staging and interventional application of solid
pancreatic cancer.

EUS-GUIDE FNA/BIOPSY
With the advent of EUS-FNA, it becomes a viable
and useful alternative procedure for acquiring a tissue
diagnosis to confirm the presence of pancreatic cancer.
The feasibility varies from 90% to 98% and the efficiency
in ter ms of collecting analyzable biopsy specimens
varies from 80% to 95%. For the diagnosis of pancreatic
adenocarcinomas, the sensitivity of EUS-FNA varies
from 75% to > 90%, the specificity being 82%-100%,
with a mean accuracy of 85%[1-9]. What is the technique of
choice to obtain cytologic and/or histologic material from
a mass suspected to be pancreatic cancer? To respond to
this important issue, we must discuss it in different clinical
scenarios.
Unresectable pancreatic tumor
CT scan or magnetic resonance imaging (MRI) is a highresolution, noninvasive, cross-sectional imaging modality. It
is a very accurate technique in the diagnosis and predicting
resectability when a pancreatic mass or cancer is suspected.
It is generally the first test ordered in such cases[10,11]. If
a pancreatic mass is clearly unresectable based on CT or
MRI results, either percutaneous image-guided or EUSguided FNA can be performed for a tissue diagnosis to
confirm the presence of cancer and to offer chemotherapy
or radiation.
EUS-FNA with failed alternative biopsy techniques:
There is strong support for the use of EUS-FNA in
pancreatic masses when other biopsy techniques have
failed. In fact, in virtually all series of EUS-FNA, failure
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of another biopsy technique is a common indication for
EUS-FNA and yet, in these series, they were still capable
of obtaining a definite cytologic diagnosis in 80% to 95%
of cases[12,13].
EUS-FNA for lesions not visible or accessible to other
imaging modalities: At times, small pancreatic masses
may not be detectable, even on a multidectector CT
scan[14]. The study by Hoewhat et al[15] contained 6 patients
in whom CT or US could not discern small pancreatic
lesions. Then EUS-FNA is clearly the preferred sampling
technique if a pathologic specimen is indicated. A recently
published retrospective study of 1000 cases of pancreatic
FNA also found that EUS-FNA was more accurate than
percutaneous techniques for masses < 3 cm[16].
EUS-guided FNA is the only preoperative procedure
which can demonstrate invasion of lymph nodes located
in the celiac, lumboaortic, retroduodenopancreatic or
superior mesenteric regions [7] . Aspiration of ascitic
fluid with a cytological study done by EUS can validate
a carcinomatosis that could not be revealed using
conventional imaging [17] . Recently, Tenberge et al [18]
demonstrated that small metastases of the left liver lobe
could be found and were easily accessible to biopsy by
means of EUS. The finding of such lesions modifies
considerably the management of supposed resectable
cancer.
EUS-FNA when alternative techniques are possible:
When a pathology specimen is truly the only reason for
EUS-FNA, published trials directly comparing EUSFNA to alternative sampling techniques such as CT or
TUS-guided FNA/biopsy or endoscopic retrograde
cholangiopancreatography (ERCP) are extremely rare[15,19,20].
In a retrospective review of CT-FNA vs EUS-FNA for
pancreatic masses, Qian and Hecht reported a sensitivity
of 71% for CT-FNA and only 42% for EUS-FNA for
pancreatic malignancies. Recently, Horwhat et al present the
unique randomized, prospective cross-trial of EUS-FNA vs
CT- or US-FNA for diagnosing cancer in pancreatic mass
lesions. There was no significant difference in the sensitivity
or accuracy of CT/US-FNA and EUS-FNA, although a trend
was not observed for increased sensitivity of EUS-FNA.
Multiple factors favoring EUS-FNA over transcutaneous FNA of pancreatic cancer are as follows:
(1) Decision analysis models have been used for the
impact of EUS-FNA in patients with pancreatic cancer
because of the similarities in sensitivities and specificities
of the various biopsy techniques. EUS-FNA as the
primary diagnostic modality was the most cost-effective
approach[21]. Fritscher-Ravens et al[22] showed that EUSFNA in pancreatic cancer changed the surgical approach
in 21% of patients and the therapeutic approach in 44%.
(2) A factor favoring EUS-FNS over transcutaneous FNA
of pancreatic cancer is the possible risk of needle tract
seeding. In a large series of percutaneous or CT-FNA
of abdominal lesions and masses, seeding in pancreatic
cancer occurred most commonly in the skin, or with EUSFNA the skin is not traversed[23]. (3) Other advantages
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of EUS-FNA may be a short needle track. Indeed, the
aspiration needle travels from the gut lumen to the lesion,
a pathway that usually does not cross peritoneal or pleural
surfaces and the complete needle tract is included in the
resected specimen. The exception to this is in EUS-FNA
of liver lesions and of pancreatic body/tail masses where
the lesser sac of the peritoneum is breached. A case of
gastric wall seeding after EUS-FNA of a pancreatic tail
adenocarcinoma was reported recently was reported[24].
Micames et al[25] with their retrospective, non-randomized
series comparing CT-FNA with EUS-FNA of pancreatic
masses showed that there were significantly more
peritoneal failures after neoadjuvant chemoradiation in
patients having had CT biopsy (16.3%) vs EUS-FNA (2.2%).
Because of its advantages in imaging pancreatic
neoplasms, high diagnostic yields, and the concern over
needle-tract seeding with transcutaneous aspiration, the
6th edition of the handbook on cancer staging by the
American Joint Committee on Cancer recommended EUSFNA as the preferred sampling technique in pancreatic
masses if it is available[26].
Equivocal resectability of pancreatic tumor
If CT or MRI results show a pancreatic mass with
equivocal resectability, EUS is generally the next staging
procedure. If this reveals that the mass is clearly
unresectable, one can proceed with EUS-guided FNA
for tissue diagnosis. If the EUS results show that the
mass is potentially resectable, then EUS-FNA should be
reconsidered.
Resectable pancreatic tumor
In case of a resectable tumor, a histological diagnosis is
not necessary and of little use because it does not change
the ultimate need for operation. However, because some
institution has a protocol or policy of giving preoperative
neoadjuvant chemotherapy or radiation in resectable
pancreatic adenocarcinoma, tissue diagnosis would be a
prerequisite for that[27]. Others argue that pre-operative
diagnosis can exclude the occasional patients with unusual
histology found in 5% to 10% of pancreatic tumors
(lymphoma, endocrine tumors and metatstases) who would
not benefit from operation[28,29]. Sometimes a patient may
demand a conclusive cancer diagnosis before consenting
surgery.
Differential diagnosis of solid mass within the pancreas
The presence of a solid mass within the pancreas does
not necessarily imply the diagnosis of pancreatic cancer. It
concerns the difficult problem of pseudotumor, chronic
pancreatitis and autoimmune pancreatitis.
EUS-FNA may be problematic in case of chronic
pancreatitis because differentiating well-differentiated
carcinoma from inflammatory atypia can be challenging[30].
Recent reports indicate that EUS-FNA coupled with
molecular analysis could improve the sensitivity (81%),
the specificity (100%), and the accuracy (85%) of the
diagnosis of pancreatic carcinomas in comparison with
each technique alone[31].
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INTERVENTIONAL APPLICATION OF EUSFNA OF SOLID PANCREATIC CANCER
EUS-guided celiac block and neurolysis
The pancreatic nerves are autonomic and are sensitive to
chemical and mechanical stimuli. They transmit visceral
afferent information to celiac plexus and then centrally
via the splanchnic nerves. The plexus is composed of two
ganglia, usually located anterior and lateral to the aorta at
the level of the celiac trunk.
Debilitating pain is a common symptom in patients
with pancreatic cancer. Pain tends to be a difficult
symptom to treat and can require high-dosage narcotics
for relief with a number of associated side effects.
Celiac plexus neurolysis (CPN) refers to permanent
ablation of the celiac plexus. This is done with ethanol
or alcohol. Celiac plexus neurolysis by a surgical or
radiographic approach has been available for many years
for palliative treatment of unresectable pancreatic cancer.
The procedure is carried out via a posterior approach
with potentially serious complications. More recently, the
development of endoscopic ultrasound using curved-array
linear echoendoscope allows direct access to the celiac
ganglia. Theoretically, EUS-guided celiac plexus neurolysis
should be safer than the posterior technique without the
need to traverse the diaphragm, spinal nerves, or spinal
arteries. In addition, a short needle can be used and the
injection can be carried out with real-time imaging. A
meta-analysis of 24 publications and 1145 patients treated
with percutaneous celiac plexus neurolysis for cancer pain
found good to excellent relief in 70%-90% of the patients
for up to 3 mo[32]. In 1996, Wiersema and Wiersema[33]
reported the safety and efficacy of endosonographic
celiac plexus neurolysis with absolute alcohol in patients
with pancreatic cancer. In their series, 79%-88% of
patients had persistent improvement in their pain score
and 82%-91% required the same or less pain medication.
Gunaratnam et al[34], in a prospective study of 58 patients
with unresectable and painful pancreatic cancer found
that 78% of the patients improved their pain score after
EUS-guided celiac plexus neurolysis. Mild complications
include transient diarrhea (4%-15%), transient hypotension
(1%) and transient increase in pain (9%). The major
complications (2.5%) include retroperitoneal bleeding and
abscess formation.
Celiac plexus neurolysis with alcohol should be
considered as a first-line therapy for patients with pain due
to pancreatic cancer. It is important to emphasize a realistic
goal, which is not to eliminate pain but to optimize oral
pharmacologic therapy and to allow a dose reduction to
minimize the side effects. In summary, despite the paucity
of data, EUS CPN appears to be as effective and safe as
other methods of CPN for providing pain relief from
pancreatic cancer. The EUS approach may be the most
cost effective if CPN is performed at the time of biopsy
and staging.
Radiofrequency
Image-guided ablative therapies with thermal energy
sources such as radiofrequency (RF), microwaves, and
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laser energy have received much attention as minimally
invasive strategies for the management of focal malignant
disease. Percutaneous RF-induced tissue coagulation has
been used in early clinical trials for the management of
hepatocellular carcinoma, hepatic, cerebral metastasis and
benign bony lesions (osteoid osteoma). The development
of endosonographically placed therapeutic devices may
provide a unique alternative for the management of
premalignant pancreatic lesions and potentially may offer
palliative therapy for surgically unresectable malignant
pancreatic tumors. The study of Goldberg et al [36]
demonstrated the technical feasibility of EUS-guided RF
ablation in the porcine pancreas. Resultant coagulation
necrosis is well visualized with EUS or CT with excellent
radiologic-pathologic correlation. This technique appears
to be well tolerated.
Photodynamic therapy
Photodynamic therapy (PDT) has emerged as a useful
method for the ablation of malignant and benign tumors
of epithelial-lined and solid organs[37]. Studies of PDT in
the pancreas demonstrate that photosensitizers are avidly
taken up by pancreatic tissue [38]. Light exposure with
resulting localized tissue necrosis has been achieved by
percutaneous placement of PDT catheters into malignant
pancreatic tissue.
In the study of Chan et al[39], EUS was used to guide
placement of quartz optical fiber with light diffuser in
the pancreas, liver, spleen and kidney of 3 farm swine.
This study demonstrates that EUS-guided low-dose PDT
ablation of pancreas is feasible and safe and it might be
most applicable to small lesions in the pancreas and the
liver.
EUS-guided transhepatic cholangiography
ERCP with stent placement is the procedure of choice for
biliary decompression in patients with obstructive jaundice
due to pancreatic cancer. However, decompression may be
unsuccessful because of an anatomic variation, peripapillary
diverticulum, deep tumor infiltration or insufficient
drainage despite successful stent placement. Alternative
approaches for accessing and draining obstructed ducts
include percutaneous transhepatic (PT) cholangiography
and surgery. PT drainage has a complication rate of up
to 32% including fistula, cholangitis, biliary peritonitis,
hematoma and liver abscesses [40]. Surgery offers longterm decompression but is associated with high morbidity
and postoperative mortality rates [41] . Inter ventional
EUS-guided cholangiography (IEUC) is a relatively new
technique, permitting therapeutic biliary procedures when
ERCP is not successful. EUS-guided opacification and
drainage of obstructed pancreatic and biliary ducts has
been described in case report[42-46]. This usually involves a
direct transgastric or transduodenal approach, with stent
placement through an endoscopically created fistula.
Advantages of IEUC over percutaneous transhepatic
(PTC) drainage include puncture of the biliary tree with
real-time US when using color-doppler information. This
usually involves a direct transgastric or transduodenal
approach with stent placement through an endoscopically
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created fistula. Although the only reported complication
is bile leak, potential complications include bleeding,
bowel perforation, infection and pneumoperitoneum.
The extrahepatic approach has a greater chance of
complication than the intrahepatic approach. Long-term
follow-up and further studies comparing IEUD with PTC
are required before the use of these techniques becomes
widespread.
Delivery of anti-tumor agents
In 2000, Chang et al[47] was the first to publish a phase I
clinical trial which showed that local immunotherapy, an
allogenic mixed lymphocyte culture (cytoimplant), injected
in 8 patients with unresectable pancreatic adenocarcinoma
under EUS guidance is feasible and safe.
Hecht et al [48] delivered an anti-tumor viral therapy
under EUS guidance, into the primary pancreatic tumor
in 21 patients with locally advanced or metastatic disease.
It was given in combination with gemcitabine Ⅳ. They
obtained partial regression or stabilization of the disease in
10 of 21 patients.
In the United European Gastroenteorog y Week
(UEGW) 2005, Farrell et al[49] presented their institution
experience with EUS-guided delivery of TNFerade
(replication deficient adenovector containing human
TNFα gene, regulated by a radiation-inducible promoter
Egr-1) for patients with unresectable, locally advanced
adenocarcinoma of the pancreas in combination of 5 FU
Ⅳ and radiation. Multiple injections within the pancreatic
mass were done. Three fifth of patients subsequently
underwent uncomplicated pancreatic surgical resection.
The most recent EUS-guided anti-tumor therapy
involves a novel gene therapy. In this study, Chang et
al delivered TNFerade percutaneously at a single site in
the tumor while up to 4 injections were given by EUSguided fine needle injections (FNI) in combination with
5 FU Ⅳ in 37 patients with unresectable pancreatic
adenocarcinoma. Tumor responses and disease control
were similar in the 2 groups except for site pain (35%
PTA vs 0% EUS). The study was updated and has
been presented at DDW 2006 with 50 patients[50]. Four
fifth of patients were reassessed as surgically achieved
pathologically negative margins and 3 patients survived
greater than 24 mo.
This demonstrated that EUS-guided FNI of TNFerade
with concurrent chemoradiation is feasible and generally
well tolerated. TNFerade may optimize surgical and
long-term outcomes. EUS may offer a safer and more
accurate route of injection compared with a percutaneous
approach.
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including fine needle aspiration of lesion or lymph node
and celiac plexus neurolysis. Recently, endoscopists can
deliver anti-tumor agents under EUS in multiple sites
inside pancreatic cancer which promises innovative clinical
application of EUS.
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Abstract
Imprecise or delayed care can reflect many factors,
including straightforward difficulties in physician
judgment and false negative tests. However, the
movement toward decreasing physician work hours also
leads to delays in care caused by inadequate staffing
or inadequate communication between staffing, which
must be addressed if quality of care is to remain high.
The demonstration of delays in the management of
anastomotic leaks over weekends or in association
with false positive radiologic studies exemplifies this
challenge.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Doeksen and colleagues describe an anastomotic leak
rate of 12.5% in a mixed series of 289 patients with
handsewn or stapled colorectal anastomoses in a variety
of positions[1]. Based upon a series of classical, but nonspecific, warning signs, they describe onset of warning
signs at a median of 4 d after surgery, and a median “delay”
of 3.5 d between the first sign and eventual reoperation.

They further demonstrated statistically significant increases
in delay in the face of a false-negative radiologic procedure
or an inter vening weekend. Although Doeksen and
colleagues were not able to define an impact of such delay
on the patients’ subsequent hospital course or mortality,
their numbers are too low to expect statistical significance
for such analyses, as they themselves acknowledge.
The finding of a relatively high 12.5% anastomotic
leak rate seems surprising, but is difficult to interpret
given the mixed nature of the series. Recently reported
anastomotic leak rates range widely, varying with anatomic
position, technique, and the clinical condition of the
patient. It should be pointed out that the leaks reported
here presumably represent clinically significant leaks.
One would expect that routine surveillance of difficult
anastomoses for research purposes would yield a higher
number, including some leaks that are self-sealing and
never become clinically apparent[2].
The reported median 4 d delay between the first sign
of leak and reoperation is also of concern, but may be
attributed to the relatively non-specific nature of some
of the signs of leakage studied. A postoperative fever
may certainly be the first sign of a leak, for instance, but
may also commonly reflect a urinary tract, pulmonary, or
wound infection, phlebitis, or even atelectasis. Similarly
broad differential diagnoses could be generated for the
authors’ other signs of anastomotic leakage, including
tachycardia, leukocytosis, ileus, and delayed gastric
emptying. It would have been interesting in this regard to
know the frequency of these putative signs of anastomotic
leakage among those patients whose anastomoses did not
leak. The lack of specificity of these signs does not reflect
adversely on the study design, but rather suggests the
difficulty of making the diagnosis of anastomotic leakage
at the present time. Notably, the mean delay in operation
after the development of peritoneal signs appears to have
been only 0.8 d in this series, more consistent with what
one would seek in clinical practice, although still longer
than one might like.
It is interesting to note that time to definitive management
in this series was defined as time to reoperation. In the
future, it is possible that an increasing number of these
patients may be managed by endoscopic means, including
stenting, plug ging, and/or endoluminal repair [3-14] .
However, until experience with such techniques evolves
further and indications and outcomes are clarified, most
surgeons will still prefer the transabdominal approach with
which they have the most experience. Endoscopic repair
www.wjgnet.com
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of acute tears in healthy tissue after colonoscopy may also
prove much easier than endoscopic closure or repair at
an inflamed anastomosis that has been leaking for several
days.
Difficulty in identifying anastomotic leaks from clinical
presentation has led some surgeons to pursue radiologic
studies, whether by fluorography or CT scanning, with
contrast administered by mouth or by rectum. In this
series, the authors used such studies in 21 patients with
a startlingly high 43% apparent false negative rate. Since
the series has been censored to only include patients who
actually had anastomotic leaks, the actual false negative rate
may be somewhat lower if there were also false positive
radiologic examinations, and we cannot discern the
false positive rate from this report. The series includes a
mixture of various radiologic studies. There is considerable
controversy over whether oral or rectal contrast with
fluorography, or CT scans are preferable for the detection
of anastomotic leaks, and this is likely to vary with local
expertise and the site of the anastomosis[15-17].
The authors describe a striking mean 4.6 d difference in
time to operation between those patients who had a false
negative radiologic study and those who had a true positive
study or none at all. This number may also be difficult to
interpret. Since the radiologic studies were not performed
on protocol, they were most likely ordered in those
patients in whom the diagnosis was difficult. A positive
radiologic finding would presumably have accelerated the
decision to operate on such patients, while a false negative
finding would have been expected to delay it. Thus, while
it would be satisfying to argue for the primacy of clinical
acumen by referring to the apparent delay in management
of patients with false negative radiologic testing, it would
be erroneous to do so without knowing how long it
would have taken to operate upon these presumably
more difficult patients without any radiologic testing and
without considering the potentially beneficial impact of
true positive radiologic testing in this setting. In addition,
the utility of radiologic testing in difficult patients may
be considerably higher in institutions in which the false
negative rate is lower than 43%.
A more striking finding is the apparent 4 d increase
in delay in operating upon patients whose postoperative
course spanned a weekend. The impact of weekends on
health care has previously been examined in other settings.
For instance, difficulties in weekend coverage have been
implicated as a primary cause of delay in obtaining
accurate radiologic interpretations[18]. Others have pointed
to weekend hospital staffing by cross covering physicians
as contributing to lack of a plan of management and
impairment for complex decision-making such as codestatus decisions, and have proposed a standard form to
improve communication and influence the quality of
inpatient care[19].
The impact of a “weekend effect” upon clinical
care has also been demonstrated. For instance, hospital
discharges were significantly lower on Sundays and
Mondays in a British study, suggesting that management
was less efficient over the weekend, although it remained
unclear to what extent this prolongation in care reflected
impaired decision-making and to what extent it reflected
www.wjgnet.com
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decreased availability of required hospital services during
the weekend [20]. A 1400 bed hospital in Singapore has
also reported prolongation of hospital stay for patients
admitted on weekends, holidays, or after hours[21], while
a similar Spanish study also documented an association
between increased days of hospitalization that did not
meet utilization criteria and weekends[22].
Epidemiologic evidence suggests decreased compliance
with guidelines for the management of acute cerebrovascular accidents over the weekend in the United
Kingdom[23]. In another particularly telling study, patients
admitted to the hospital over the weekend with acute
myocardial infarction in the state of New Jersey in the
United States were not demographically different from
their weekday counterparts. However, the weekend
patients were statistically significantly less likely to have
invasive procedures performed over the weekend and
had a significantly higher mortality rate. The effect of
the weekend stay on mortality disappeared in multivariate
analysis adjusted for utilization of invasive procedures,
suggesting that weekend patients were more likely to
die because they were less likely to have such invasive
procedures. Whether this reflected the availability of
staff to do these procedures or impaired decision-making
by physicians not ordering the procedures could not be
discerned from this epidemiologic study[24].
A University of Maryland study suggested similar
increases in mortality for all patients admitted through
emergency rooms on weekends compared with patients
admitted on weekdays, with logistic regression suggesting
that this increase in mortality correlated with longer
delays between presentation to the emergency room and
admission to an inpatient unit, where presumably more
aggressive treatment might be administered [25]. Similar
observations have been made for 48 h mortality after
admission to the hospital on weekends in comparison to
patients admitted on weekdays in Spain[26].
The weekend effect may not be universal, however.
Several studies have failed to define a weekend effect. At
the most trivial, hospital diet tray assembly appears equally
accurate during the week as on weekends [27]. This may
reflect the relative simplicity of the task, as well as stability
of staffing. More importantly, there was no association
between hospital mortality and the day of ICU admission
in a study from Peking Union Medical College[28]. Similar
studies on mortality after ICU admission from Saudi
Arabia[29], of hospital mortality after Emergency Room
admission from The Royal Infirmary of Edinburgh [30],
and from the University of Michigan on mortality after
trauma admissions[31] have all reported no weekend effects.
In each case, authors attributed their success to consistent
dedicated staffing of the appropriate hospital units.
Importantly, ICU care, emergency room admissions,
and trauma management are all acute events that may
lend themselves to quantization into discrete episodes
of care by fresh providers. The postoperative care
of a convalescing surgical patient and detection of
postoperative complications may require more attention
to continuity of care. Indeed, it is incontrovertible that
maintaining staffing without inducing undue fatigue
requires the hand-off of responsibility to new health care
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providers. The recent movement in the United States to
limit the work-hours of trainees in order to minimize
fatigue-induced errors has led to increasing concern over
errors induced by inadequate communication of patient
details. A survey of United States trainees specifically
identified communication during hand-offs as a target
for preventing errors[32]. Various groups have proposed
mechanisms to systematize such hand-offs to make sure
that information is actually passed[33-37], and at least one
study suggests faster hand-offs, more full information
hand-off, and increased provider satisfaction using such
a system [38]. However, no study has demonstrated any
improvement in patient outcomes with these systems, and
this remains an important target for future study. In the
particular case of the postoperative patient with a potential
anastomotic leak, much of the prompt suspicion and
detection of anastomotic leakage rests less on the factual
information of yesterday’s temperature and leukocyte
count than on the less tangible perception of the patient’s
overall condition, attitude, and exam, and changes thereof.
Such information may be less easy to transmit than
quantitative data. Moreover, several authors[19,37,39-41] have
alluded to the potential importance of active engagement
by the cross-covering caretaker in pushing forward
with care plans, rather than maintaining the status quo
through the night or weekend coverage. Such professional
engagement is likely to be at least as important in the
management of the postoperative patient.
The study by Doeksen and colleagues may be an
important harbinger of things to come in the surgical
arena, as surgeons’ work-hours are steadily reduced around
the world to minimize the (perceived or real) impact of
surgeon fatigue. If we are to preserve our quality of care,
it will be important to not only maintain adequate numbers
of equivalently trained staff present over the weekend, but
also to effectively transfer both quantitative and qualitative
data, impressions, and plans, as well as the dedication
to the care of our patients which is the hallmark of our
profession. The effective and efficient management of this
transfer may be the greatest challenge posed by work-hour
restrictions, so that attention to physician quality of life
does not impair that of our patients.
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Abstract
Capsule endoscopy is a new technology that, for the first
time, allows complete, non-invasive endoscopic imaging
of the small bowel. The efficacy of capsule endoscopy
in the diagnosis of suspected small bowel diseases has
been established. Important applications for surgeons
include observations of obscure gastrointestinal bleeding
and small bowel neoplasms.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The small intestine is the most difficult part of the
gastrointestinal tract to evaluate due to its length and
complex loops[1]. Capsule endoscopy (CE) has become
the procedure of choice for diagnosis of occult mucosal
disorders of the small intestine. First introduced at the
2000 Digestive Disease Week Conference in San Diego,
California, the Given Imaging M2A capsule (Yoqneam,
Israel) subsequently received approval from the US Food
and Drug Administration (FDA) in mid-2001 for use in
the United States. Over 10 000 examinations have been
performed worldwide and the complication rate has been
established as only 0.75% [1]. The major indication for
capsule endoscopy is the investigation of patients with

obscure gastrointestinal bleeding (OGB), however, this
novel diagnostic tool is also indicated for evaluation of
early Crohn’s disease (CD), suspected small bowel tumor,
surveillance of inherited polyposis syndromes, evaluation
of abnormal small bowel imaging, evaluation of druginduced small bowel injury, and for partially responsive
celiac disease[2]. This paper reviews the current indications
for CE and strategies to optimize utilization of this
technology.

WHY IS IT DIFFICULT TO FIND THE
SOURCE OF SMALL BOWEL LESIONS?
The small intestine begins at the pylorus and terminates
at the ileocecal sphincter. The approximate length of
the small intestine is about 3.7 m to 6.7 m. The major
functions of the small intestine are digestion and
absorption. Despite the fact that serious small bowel
disease is uncommon, symptoms related to disordered
function of the small bowel are quite common. Bleeding,
weight loss, diarrhea and pain are among the most
common reasons for patients to seek health care.
The small intestine is an uncommon source of
gastrointestinal (GI) bleeding. Bleeding can manifest as
iron deficiency anemia when occult and most commonly
is dark red or purple when overt. Endoscopic exclusion
of upper GI and colonic sources of bleeding is the single
most important clue indicating a possible small bowel
source. Causes of small bowel bleeding are as follows:
a�������������������������������������������������������������
ngiodysplasia, Dieulafoy’s lesions, e������������������������
�������������������������
rosions/ulcers, Crohn’s
disease, s����������������������������
�����������������������������
mall bowel varices, ��������
t�������
umors, NSAID
�������������������
enteropathy,
r������������������������������������������������������������
adiation enteritis, s���������������������������������������
����������������������������������������
mall bowel diverticulosis, s�����������
������������
mall bowel
polyps, a�������������������������
��������������������������
ortoenteric fistula, and ���������������������
Meckel’s diverticulum[3].
Small intestinal bleeding presents a unique clinical
problem that differs from upper and lower GI bleeding
in many aspects. Patients with small intestinal bleeding
undergo more diagnostic procedures, require more blood
transfusions, have longer hospitalizations, and have higher
health care expenditures than patients with upper or lower
GI bleeding[4]. Since the small intestine is the most difficult
segment of the GI tract to examine with endoscopy
because of its distinctive anatomy, length, and location, it
is difficult to find the source of small bowel lesions.

WHAT TESTS ARE PERFORMED TO
DETECT SMALL BOWEL LESIONS?
The diagnostic methods for use in potential small bowel
diseases are radiologic (e.g. small-bowel follow through
www.wjgnet.com
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[SBFT] and enteroclysis or computerized tomography
[CT]), endoscopic (e.g., intraoperative endoscopy, sonde
[SE], push [PE], or double balloon enteroscopy [DBE]), or
surgical (with or without intraoperative endoscopy).
SBFT has a low diagnostic yield (0%-5.6%) in
the investigation of obscure gastrointestinal bleeding
(OGIB)[5]. The diagnostic yield of enteroclysis in OGIB
has been reported to be 10% to 21%[5]. Although these
radiographic studies may have high specificity for bleeding
site localization and potential etiology, the sensitivity is too
low to make them useful as a screening test. Yet, in the
absence of tests with a higher sensitivity and specificity,
these insensitive tests have been used for many years by
clinicians who are trying to establish a diagnosis in patients
with obscure GI hemorrhage. Although enteroclysis and
SBFT might show a��������������������������������������
������������������������������������
stricture���������������������������
s��������������������������
, a������������������������
����������������������
large mass������������
es����������
, a��������
������
large
polyp����������������������������������������������
s���������������������������������������������
, tumor��������������������������������������
s�������������������������������������
and deep ulcer����������������������
s���������������������
, aphthous ulcer and
vascular ectasia in small intestinal mucosa cannot be seen.
Angiography and technetium-99m labeled red blood
cell scans are performed when bleeding is active and the
patient is hemodynamically stable. Both procedures can
detect bleeding rates of 0.5 to 1.0 mL/min. Diagnostic
yields of nuclear scanning (sulfur colloid or red blood
cells) and angiography are low, even with patients who have
recurrent melena or hematochezia[6-11]. In selected patients
with massive bleeding, angiography may be the best test
because, in addition to demonstrating the bleeding site, it
offers therapeutic capability.
PE involves peroral insertion of a long endoscope
directly into the jejunum. PE has been reported to be safe
and has a diagnostic yield of 38% to 75%[5,12]. However,
the lesion is found within reach of the gastroscope in only
28% to 75% of the patients[13,14]. With enteroscopy, the
most frequently seen lesions are angiectasias, especially
in the elderly[13,15], and small bowel tumors, particularly in
patients younger than 50������
years[16].
SE affords good visualization of the small intestine[10,11,17].
SE is both sensitive and specific in patients with OGIB.
Although SE is no longer commercially available and
was never widely used, visualization of the ileum or
beyond was possible in 77% of 545 patients with obscure
bleeding (both occult and overt) as reported by Berner et
al[11]. For esophagogastroduodenoscopy (EGD), with
��������
���
PE
and SE results combined, 58% (322/553) had abnormal
examinations, with 40% (219/553) beyond the reach of
EGD[11]. GI angiomas were diagnosed in 34.5% of the
combined enteroscopies (both PE and SE), small intestinal
tumors in 5.6% of patients, and small-bowel ulcers and
other lesions in 3%[11]. No bleeding sites were reported in
41.7% of all enteroscopies. The procedure time of SE is 6
to 8 h, and the diagnosis is feasible in ambulatory patients
when the SE is withdrawn from the most distal locale to
which peristalsis has carried it. Visual diagnosis but not
biopsy, treatment, or specific localization is possible.
Before the development of CE, for patients who were
operative candidates and had severe recurrent OGIB,
laparotomy with intraoperative enteroscopy was strongly
considered early in their course. When a focal lesion
instead of diffuse disease is suspected, such a combined
approach affords high diagnostic and therapeutic yields.
A PE is passed orally, after the surgeon completes the
www.wjgnet.com
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exploration and has dissected out any adhesions to free
up the small bowel. With assistance by the surgeon, the
entire small bowel can be accordioned or pleated over
the enteroscope[18-24]. The small intestine is inspected on
initial entry in 10-20�����������������������������������
cm segments. Transillumination of
����������������������������������
the bowel is recommended to detect any potential bleeding
sites. Mucosal trauma and contact bleeding will often result
upon manipulation of the bowel over the endoscope, and
these artifacts are often confused with definitive bleeding
sites if the bowel is primarily examined upon withdrawal.
Lesions should be marked with a suture by the surgeon for
later resection. Occasionally, active bleeding or a column
of blood is detected at laparotomy. The proximal margin
should be marked. Intraluminally, the mucosa can be
washed, blood can be suctioned with the enteroscope, and
lesions may be localized, diagnosed, and/or coagulated.
DBE is an exciting new technique that allows complete
visualization of the small intestine. The source of
bleeding was identified in 50 (76%) of 66 patients with GI
bleeding[25].
Disadvantages of conventional endoscopic techniques,
such as PE and colonoscopy with ileoscopy, include limited
endoscopic examination of the small bowel and sedation
requirements. A complete endoscopic evaluation was
previously possible only with intraoperative endoscopy, but
DBE and CE can now be used for complete examination
of the small bowel. However, DBE requires sedation and
this procedure is more difficult than other procedures.

WHAT IS CAPSULE ENDOSCOPY?
CE is a new technology that, for the first time, allows
complete, non-invasive endoscopic imaging of the small
bowel. The efficacy of CE in the diagnosis of suspected
small bowel diseases has been established. Current
applications include OGIB, inflammatory bowel disease
(IBD), small bowel neoplasms (including polyposis
syndrome), malabsorption disorders (including celiac
disease), iatrogenic disease (nonsteroidal anti-inflammatory
drug enteropathy and radiation enteritis), and clarification
of abnor mal small bowel imaging. There are many
emerging indications, such as in pediatrics and suspected
small bowel obstruction.
The technology, possibly due to advances in miniaturization, comprises an 11-26 mm disposable video
capsule propelled by peristalsis. The capsule comprises
a transparent optical dome, illumination from six lightemitting diodes, a camera, silver oxide batteries, transmitter
and antennae. The field of view is 140 degrees and
magnification is 1:8, which is capable of visualizing
intestinal villi. The capsule takes two frames per second
and the battery life is approximately 8 h, allowing the
acquisition of > 55 000 images[26]. Images are transmitted
by radio frequency to an eight-point abdominal sensory
array and recorded on a digital recorder worn on a belt.
The images are downloaded to a computer and viewed
with dedicated software, which allows for capsule
localization. The suspected blood indicator is quite good
at detecting active bleeding, but not for other lesions, and
does not replace careful examination of the CE video. The
capsule is swallowed after an overnight fast. There is no
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Table 1 Studies comparing diagnostic yields of CE to PE in
obscure GI bleeding
Studies

n

Ell et al, 2002[30]
Lewis et al, 2002[37]
Lim et al, 2002[33]
Hartmann et al, 2003[36]
Van Gossum et al, 2003[45]
Saurin et al, 2003[35]
Mylonaki et al, 2003[32]
Ge et al, 2004[38]
Adler et al, 2004[34]
Mata et al, 2004[31]
Leighton et al, 2006[39]

32
21
20
33
21
58
50
36
20
42
20

Diagnostic yield (%)
CE
PE
83
30
55
30
70
45
76
21
52
61
69
38
68
32
65
28
70
25
74
19
50
20

consensus currently on whether a small bowel preparation
or prokinetics is required.

HOW EFFECTIVE IS CAPSULE ENDOSCOPY
AT DETECTING LESIONS OF THE SMALL
BOWEL?
Obscure gastrointestinal bleeding
Patients with GI hemorrhage of uncertain etiology are a
diagnostic and therapeutic challenge. OGIB is defined as
recurrent or persistent GI bleeding despite the absence
of explanator y findings at initial upper and lower
endoscopy. Estimates vary in the current prevalence of
obscure bleeding among all cases of GI hemorrhage, but
this was probably less than 5% before the introduction
of CE. OGIB can be subclassified as either overt or
occult bleeding, based on whether the patient has a
history of gross GI bleeding symptoms, either melena
or hematochezia. Occult bleeding can be manifested by
recurrent iron deficiency anemia or positive fecal occult
blood test results[6]. Most often the site of hemorrhage is
suspected to be the small bowel[7,8].
OGIB is the most common indication for CE. The
diagnostic yield of CE for the suspected bleeding source
in OGIB has been reported to be 38% to 93%[27]. In our
study, this modality demonstrated the source or bleeding in
17 of the 23 patients (73.9%) with OGIB[28]. Using CE, the
most commonly detected bleeding sources or clues in the
small bowel included angiectasia, fresh blood, ulceration,
tumor, and varices. Early studies seem to suggest that there
is no significant difference in the diagnostic yield of CE in
obscure-overt and obscure-occult bleeding[29].
It has been shown that CE may be superior to PE[30-39],
small bowel series [40,41], enteroclysis [42], CT scan [43], and
DBE[44] in identifying small bowel lesions in OGIB. Studies
comparing diagnostic yields of CE to PE in OGIB are
summarized in Table 1.
The commonly missed small bowel lesions by SBFT
compared with CE include angiectasia, bowel ulcer and
erosion. Some investigators have proposed that SBFT
only be performed in a population at high-risk for capsule
impaction, such as patients with Crohn’s disease or in
young patients suspected of small bowel tumors.

CE seemed to have a higher diagnostic yield than
PE[30-39]. There is only one report in which PE had a higher
diagnostic yield than CE[45]. The diagnostic yield in CE was
reported to be 52% to 83% compared to 19% to 61% in
PE. Small-bowel pathologies were detected using CE in 28
(80%) of the 35 patients with OGIB, compared with 21
(60%) of the 35 patients using DBE[44].
Based on the algorithm proposed by the American
Gastroenterological Association in 1999[6], we also suggest
this algorithm for evaluation of OGIB in the era of CE.
Small bowel tumors
Tumors of the small bowel account for 5% of all GI tract
tumors and 2% of cancers, although the accuracy of those
estimates is uncertain because the current methodologies
for examining the small bowel have proved inadequate.
The diagnosis of small bowel tumors is frequently delayed,
contributing to the poor prognosis for patients with
malignant tumors[46]. The diagnosis and localization of
small bowel tumors has been a clinical challenge because
of the inaccessibility of the small bowel to conventional
diagnostic modalities. Enteroclysis has a much higher
sensitivity than SBFT in detecting small bowel tumors [11].
Although CT may be useful in diagnosing extraluminal and
metastatic spread of small bowel malignancies, its role in
detecting small intraluminal and mucosal lesions has been
limited, with a diagnostic yield as low as 20%[47].
Endoscopic evaluation of the small intestine has
included SE, PE, intraoperative enteroscopy, and DBE.
PE and SE in 545 patients with OGIB identified 31
(5.6%) small bowel tumors[11]. All of these procedures,
however, have significant limitations, including degree of
invasiveness, incomplete inspection of the small intestine,
and prolonged procedure time.
de Mascarenhas-Saraiva and da Silva Araujo Lopes
reported a 3.8% rate of primary tumors in the small
intestine by CE[48]. The accuracy of CE in diagnosing the
small bowel tumors seemed to be superior to that of other
methods. In a meta-analysis, 86 of 1349 pathologies (6.4%)
that were identified at CE were intestinal neoplasms[49].
Cobrin et al reported that 9% of OGIB were�����������
���������������
caused by
small bowel tumors[46]. The types of tumor diagnosed by
CE included 8 adenocarcinomas (1.4%), 10 carcinoids
(1.8%), 4 GI stromal tumors (0.7%), 5 lymphomas
(0.9%), 3 inflammatory polyps, 1 lymphangioma, 1
lymphangiectasia, 1 hemangioma, 1 hamartoma, and 1
tubular adenoma. Of the tumors diagnosed, 48% were
malignant.
Our seven patients, in whom CE was performed for
OGIB, underwent surgery after CE. Four of 7 patients
had been reported previously[28]. In three of 7 patients,
the active bleeding (fresh blood or oozing blood) site
was noted in the
���������������������������������������������
�����������������������������������������
proximal small intestine. But the source
of the bleeding in two patients was not clearly seen. The
bleeding sources in all of them were identified in operation
as angiodysplasia located in ������������������������������
the proximal
��������������������������
small intestine.
In the patient who had a polyp with oozing blood, the
source of bleeding was identified as follicular hyperplasia
in the operation specimen (Figure 1). One patient had
angiodysplasia noted without evidence of active bleeding.
Because these lesions were thought to be the cause of the
www.wjgnet.com
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Figure 1 A polyp with oozing blood as a volcano was found by capsule endoscopy
in the proximal small intestine.
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Figure 2 A: Angiodisplasia in proximal small intestine; B: Angiodisplasia was
confirmed by intraoperative endoscopy in operation and was excluded with local
resection.

bleeding, angiodysplasia was confirmed by intraoperative
enteroscopy during operation and was excluded with local
resection (Figure 2A and B).
In one patient, a vegetative mass was demonstrated
in the proximal jejunum, which was missed during an
abdominal CT scan small bowel series. He was operated
on and diagnosed as jejunal invasion of recurrent renal cell
carcinoma (Figure 3A and B).
In one patient, in whom multiple ulcers were found in
the ������������������������������������������������������
proximal intestine by CE, histopathologic examination
of the biopsy specimen taken during enteroscopy
demonstrated adenocarcinoma. In one patient, in whom
a single ulcer was found in the
������������������������
��������������������
proximal intestine,
histopathologic examination of the biopsy specimen taken
during enteroscopy demonstrated GI stromal tumor.
Although specific localization of lesions within the
small intestine by CE has been reported as problematic
relative to surgery or other procedures[40], localizations of
small bowel lesions in all our patients were found by CE to
be nearly the same as localizations during surgery.
Standard terminology and further studies to define a
reference standard for diagnosis and treatment outcomes
with CE will be necessary and are recommended. Although
the specificity and sensitivity of CE for OGIB have been
www.wjgnet.com
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Figure 3 A: A vegetative mass was shown by CE; B: Histopathologic examination
of the surgical specimen demonstrated invasion of recurrent renal cell carcinoma.

defined, these have to be established for severe obscure
bleeding.

CONCLUSION
Bleeding from small bowel lesions is a rare cause of GI
blood loss. Cancers, IBD and infections account for
20%-25% of all small bowel bleeding, while arteriovenous
malformations account for the vast majority of causes.
Endoscopic therapies are limited to the parts of the bowel
within their reach and are the only minimally invasive way
to apply direct treatment to bleeding sources or to take
biopsies. The development of the endoscopic capsule
has changed the way in which gastroenterologists will approach GI bleeding originating from small bowel lesions.
With further development and innovation, capsule endoscopy will improve the management of this condition.
Particularly in malignant lesions of the small bowel and in
bleeding, capsule endoscopy is very helpful for surgeons
before operation.
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INTRODUCTION
Abstract
AIM: To investigate the relationship among the number
of platelets and plasma levels of S-nitrosothiols (S-NO),
nitrite, total non-protein SH (NPSH), glutathione
(GSH), cysteine (CYS), malondialdehyde (MDA),
4-hydroxininenal (4HNE), tumor necrosis factor-alpha
(TNFα) and interleukin (IL)-6 in patients with chronic
hepatitis C (CH).
METHODS: In vitro the aggregation of platelets derived
from controls and CH patients was evaluated before and
after the addition of adenosine diphosphate (ADP) and
collagen, both in basal conditions and after incubation
with nitrosoglutathione (GSNO).
RESULTS: In vivo , S-NO plasma levels increased
significantly in CH patients and they were significantly
directly correlated with platelet numbers. Patients with
platelet counts < 150 000/µL, had a smaller increase in
S-NO, lower levels of GSH, CYS, NPSH, TNFα, and IL-6,
and higher levels of nitrite, MDA, and 4-HNE relative
to those of patients with platelet counts > 150 000/µL.
In vitro , the ADP and collagen aggregation time was
increased in platelets from patients and not from
controls; in addition, platelets from CH patients but not
from controls also showed a latency time after exposure
to collagen.
CONCLUSION: The incubation of platelets with GSNO
improved the percentage aggregation and abolished the
latency time.
© 2007 WJG . All rights reserved.

Thrombocytopenia is a marker of liver cirrhosis as
consequence of the portal hypertension and hyperslenism[1]. However, thrombocytopenia is also frequently
observed in patients with chronic hepatitis caused by
hepatitis C virus (HCV), without cirrhosis, and this
phenomenon appears to be related to HCV infection
rather than to other causes of chronic hepatitis (CH)[2,3].
The mechanism of this alteration is unclear. The presence
of antibodies to platelets has been considered an
independent (“nonpathogenic”) cofactor, while plasma
levels of thrombopoietin have been found to be decreased,
normal, or elevated in HCV-infected patients, compared
to levels found in patients having other types of liver
disease[1,4,5]. More recently, Fusegawa et al[6] demonstrated
increased platelet activation in HCV-related CH patients.
This observation suggests that platelet function might be
altered in these patients. In various pathological situations,
platelets may be subjected to external oxidative stress by
exposure to radicals released by granulocytes, endothelial
cells, and/or monocytes/macrophages. These cells also
release increased amounts of nitric oxide (NO) through
the activation of inducible nitric oxide synthase (iNOS)
by proinflammatory cytokines [7]. In these conditions,
also platelets may produce NO, that, in turn, modulates
itself recruitment and function. Thus, platelets and
their function are likely to face physiological oxidative
conditions[8]. NO and NO-donors are antithrombotic and
anti-aggregant agents[9], and S-nitrosothiols (S-NO) have
been synthesized and proposed as a new class of drugs
with these effects[10,11]. The NO produced circulates both as
nitrite/nitrate and in complexes as protein and nonprotein
S-nitrosothiols, with a constant exchange occurring
between these substances in vivo [12]. The formation of
www.wjgnet.com
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S-NO adducts, as well as the release of NO from these
compounds, is strongly influenced by the bioavailability of
glutathione (GSH) and cysteine (CYS) and by the redox
status of plasma. Furthermore, these pathways also affect
the function of platelets, as platelets very rapidly import
NO from S-NO[13-16]. Figure 1 summarizes the metabolism
of NO in the circulation.
On the basis of these considerations, we performed as
study’s hypothesis that, in absence of hypersplenism and/or
portal hypertension, the thrombocytopenia frequently
observed in patients with HCV-related chronic hepatitis,
could depend on other factors, as an altered metabolic
pathway of NO in the circulation, secondary to a possible
alteration of the redox status and/or an increase of proinflammatory cytokines. Therefore, we evaluated, in vivo,
in patients with HCV-related CH and a control group, (a)
the levels of S-NO and their relationships with those of
nitrite, nitrate, and thiols; (b) the relationships between the
foregoing and plasma levels of markers of oxidative stress
and proinflammatory cytokines; and (c) the relationships
among all of these factors and the number of platelets. We
also evaluated the relationship between S-NO and platelet
function in vitro using platelets derived from controls and
from HCV-infected patients.

MATERIALS AND METHODS
The departmental ethics committee approved the study
protocol, and all individuals gave informed consent. The
study population comprised 114 patients with biopsyproven, HCV-related chronic hepatitis without cirrhosis
(CH), according to Ishak’s score [17] . The absence of
cirrhosis was documented, other than by liver histology,
also by the absence of ultrasonographic and endoscopic
findings of portal hypertension and by the normality of
liver function tests (albumin, prothrombin time, total
bilirubin). As controls (C), we enrolled 50 healthy volunteers
(no alcohol or drug users) who were negative for markers
of HIV and hepatitis virus infection (HBV, HDV, and
HCV). We excluded from the study subjects with alcohol
intake > 30 g/d of pure ethanol, HIV or HBV positivity,
decompensated diabetes, cryoglobulinaemia, and/or
other associated diseases. The exclusion of HBV-positive
patients was performed because we aimed to evaluate the
function of platelets in HCV-positive patients, in whom
a series reports have previously focused attention on a
possible relationship between HCV chronic infection and
thrombocytopenia [1,4-6], and also because in our clinical
practice the number of HBV-positive patients is actually
low. We also excluded patients with a platelet number
< 100 000/µL, because this is considered a lower limit
to evaluate platelet aggregation and patients treated
with steroids, beta-blockers, nitro derivatives, aspirin,
antioxidants, and interferon. Other drugs, such as insulin
or non-absorbable disaccharides, were allowed. Table 1
summarizes the main findings regarding the enrolled
subjects.
Biochemical determinations on plasma samples
From venous samples deproteinized with 10% of
sulphosalicylic acid on plasma samples collected in the
www.wjgnet.com
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morning, after overnight fasting, we determined:
Total nitrite/nitrate levels: For this purpose, as suggested
by the method outlined in the commercial kit (Bioxytech
nitric oxide non-enzymatic assay, OXIS International,
Inc., Portland, USA), we employed granular cadmium
metal for the chemical reduction of nitrate to nitrite
prior to evaluating nitrites. Total nitrite concentration was
evaluated by the Griess method. In an acid solution, nitrite
is converted to nitrous acid (HNO 2), which diazotizes
sulphanilamide. This sulphanilamide-diazonium salt is then
reacted with N-(1-naphthyl)ethylenediamine (NED) to
produce a chromophore, which is measured at 540 nm[18,19].
Results were expressed as µmol/L.
Total nonprotein plasma SH groups (NPSH): These
were determined using Ellman’s reagent; absorbance was
measured at 412 nm, as we have described[20]. Results were
expressed as µmol/L.
Glutathione and cysteine: These two thiols are the
major constituents of NPSH. We and other groups have
shown that their levels in plasma are decreased in patients
with liver disease. As previously reported, we measured
these two thiols by Newton’s method, which makes use of
the stable linkage between monobromobimane (MBBR)
and SH groups, which we detected by fluorescence
high pressure liquid chromatography (HPLC) after
derivatization of the plasma samples in the dark for
15 min[21-23]. Results were expressed as µmol/L.
S-NO: We used a less expensive and time-consuming
spectrophotometric method[24,25]. Before assaying plasma
samples from our study population, we added a known
amount of GSNO (6.25 µg), the major constituent of
plasma nitrosothiols, to a plasma sample from each
of three healthy subjects and six patients (three HCVpositive and three PBC) to evaluate our ability to recover
it. Recovery of the GSNO added to the plasma samples
ranged from 86% to 99%. All deter minations were
performed in duplicate and, in some cases, on both fresh
and frozen samples. No significant differences were found
in the results.
Thereafter, a plasma sample (200 µL) from each of
the individuals taking part in the study was added to 40
µ L of 1% ammonium sulphamate (to counteract the
background nitrite concentration) and then mixed with
200 µL of 0.4 mol/L HCl containing 0.3% HgCl2 and
4.6% sulphanilamide to oxidize (and render undetectable)
the released NO equivalent, of which > 99% was lost.
Then, 300 µ L of a solution of 0.4 mol/L HCl plus
0.2% mol/L-L-naphthylenediamine dihydrochloride was
added. Samples were incubated for 30 min at 25℃. The
amount of S-nitrosothiols was determined by visible
spectrophotometry at 550 nm using GSNO (Sigma-Aldrich,
Poole, UK) as a standard, since GSNO is a stable molecule
and it has been demonstrated [25] that, during the assay
procedures, no appreciable decomposition of the authentic
GSNO occurs. Values were expressed as µmol/L.
Determination of nitrites and S-NO was performed
on two different plasma samples, stored under identical
conditions.

Bioulac-Sage P et al . Classification of hepatocellular adenoma

3679
ROS

RBC
Hb
NO-Hb

NO-Cys

Cys

3

Hb O

MHb

Albumin

-

NO

NO3

NO-Albumin

NO-synthase

GSH

PMNC

GSNO

ROS
Cytokines
O

-

NO

-

NOS
O2
Xantine oxidase

-

-

NO2

O2

Cu-enzymes

NO
GTP

NO - guanilato ciclasi

Platelet

HO3

OONO

NO-Tyr
cGMP

Endothelial cell

Figure 1 The metabolism of NO in the circulation: the NO produced circulates both as nitrite/nitrate and in complexes as protein and nonprotein S-nitrosothiols. The
formation of S-NO adducts, as well as the release of NO from these compounds, is strongly influenced by the bioavailability of glutathione (GSH) and cysteine (CYS) and by
the redox status of plasma.

Table 1 Enrolled subjects: main findings (mean
Total number
M/F
Median age, yr (range)
ALT (IU/L, nv < 40)
γGT (IU/L, nv < 50)
Total proteins (g/dL)
Albumin (g/dL)
Total bilirubin (mg/dL)
Prothrombin time (s)
Platelets (n x 103/μL)
Ishak score for grading
(median and range)
Ishak score for staging
(median and range)

Controls
50
26/24
53 (26-74)
12 ± 11
28 ± 9
6.8 ± 2.7
4.1 ± 1.2
0.8 ± 0.3
10.3 ± 2.1
278 ± 89
-

± SD)

HCV-positive CH patients
114
59/55
54 (22-81)
90.2 ± 60.4
77 ± 52
7.2 ± 1.2
3.6 ± 0.8
0.9 ± 0.3
10.5 ± 2.3
159 ± 52
9 (5-11)
3 (2-3)

CH: chronic hepatitis; ALT: alanine aminotransferase; γGT: gamma-glutamyl
transpeptidase.

Parameters of oxidative stress: As parameters of
oxidative stress, in addition to the levels of GSH and
CYS (see above), we measured those of malondialdehyde
(MDA) and 4-hydroxinonenal (4-HNE), using commercial
kits (Oxis International, Portland, OR, USA). Results were
expressed as µmol/L.
Proinflammatory cytokines: We evaluated the plasma
levels of two proinflammatory cytokines, tumor necrosis
factor-alpha (TNFα) and interleukin (IL)-6, as we have
previously described [26] , using an immunoenzymatic
reaction (ELISA test, Milenia Biotec, Germany). Values
were expressed as pg/mL.
In vitro evaluation of platelet aggregation function
Whole blood (16 mL) was collected by venopuncture from
each subject after overnight fasting. Platelet-rich plasma
(PRP) was prepared by centrifugation of blood containing
5 mmol/L EDTA, at room temperature, at 900-1000 × g
for 10 min. This sample was then transferred to the
counter to determine the number of platelets/mL; another
aliquot of the sample was centrifuged at 5000 × g for

another 10 min to obtain plasma poor in platelets (PPP).
Specimens obtained as the result of a traumatic
venopuncture were not included in the study. The pH and
temperature remained within the normal range for the
duration of the experiments.
Platelet number among experimental groups was
normalized using a correction factor (platelet number
× 350 000). Platelet aggregation was assayed by using a
platelet aggregometer (Aggrecorder Ⅱ PA 3220 Menarini
Diagnostici, Florence, Italy). Chart recorders graphed as
a function of time. The aggregation was evaluated after
the addition of common aggregating agents (3 µmol/L
ADP and 1 µg/mL collagen, both in basal conditions and
after incubation with nitrosoglutathione (Sigma-Aldrich,
Poole, UK)[27]. Collagen type Ⅱ was from Mascia Brunelli,
Italy. All in vitro experiments were performed within 3 h of
venopuncture[8,28]. Platelet aggregation induced by collagen
was measured after 3 min.
Statistical analysis
SPSS 11.0 software was used for statistical analyses.
Differences between data and groups were evaluated
by ANOVA and Student’s t-test for paired data to
evaluate levels in basal conditions and after incubation
of platelet aggregations with GSNO, and for unpaired
data in the other experimental conditions. For plasma
data, the significance of differences was also calculated
with a nonparametric Wilcoxon rank test. Correlations
were calculated using Pearson’s bivariate correlation test.
P ≤ 0.05 was considered significant.

RESULTS
Plasma values
In the first part of the present study, we compared the
more recent methods employed to determine plasma
levels of S-NO in humans (colorimetric, HPLC with
electrochemical or spectrophotometric detection)[29,30]. No
significant differences were found between the methods.
In all patients we found a significant increase in S-NO
plasma levels relative to the control levels (P < 0.01).
In contrast, plasma nitrite, NPSH, GSH, CYS, MDA,
www.wjgnet.com
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Figure 2 A: Correlation between S-NO and platelet number in each patient. As evident, S-NO levels were significantly directly correlated with platelet number
(r = 0.58, P < 0.01). S-NO: S-nitrosothiol; B: Correlation between S-NO and % of platelet aggregation in each patient. As evident, S-NO levels were significantly inversely
correlated with percent of platelet aggregation (r = -0.52, P < 0.05).

Table 2 Plasma parameters (mean ± SD)

Nitrite (mmol/L)
NPSH (mmol/L)
GSH (mmol/L)
CYS (mmol/L)
S-NO (mmol/L)
MDA (mmol/L)
4-HNE (mmol/L)
TNFa (pg/mL)
IL-6 (pg/mL)
Score of fibrosis (median and range)
HCV-RNA (× 106 UI/mL)
b

Controls
6.51 ± 4.64
367 ± 24
8.1 ± 2.4
17 ± 4.1
7.4 ± 1.5
0.28 ± 0.05
0.20 ± 0.08
26.7 ± 9.1
28.9 ± 7.3
0
0

CH (all patients)
7.98 ± 3.92
323 ± 26
7.3 ± 3.5
14 ± 5.2
27.9 ± 8.4b
0.25 ± 0.90
0.24 ± 0.12
29.9 ± 5.7
31 ± 6.1
2 (1-4)
6.24 ± 1.38

HCV-infected patients
CH with platelets > 150 000/mL CH with platelets < 150 000/mL
5.78 ± 2.03
10.64 ± 3.51a,b
372 ± 28
254 ± 21b,d
8.8 ± 2.6
2.7 ± 1.0b,d
16.8 ± 5.2
10 ± 2.9b,d
33.8 ± 7.5b
21.4 ± 6.9a,b
0.21 ± 0.18
0.46 ± 0.13a, b
0.29 ± 0.11
0.59 ± 0.31b,d
b
36.4 ± 3.1
26.2 ± 3.9d
46.4 ± 3.1b
26.5 ± 6.4d
2 (1-2)
3 (2-4)a
5.48 ± 1.32
6.18 ± 2.1

P < 0.01 vs controls; aP < 0.05, dP < 0.01 vs CH with platelet counts > 150 000/mL.

4-HNE, TNF-alpha, and IL6 were similar in the two
groups. S-NO levels were significantly directly correlated
with platelet number (r = 0.58, P < 0.01; Figure 2A) and
significantly inversely correlated with percent of platelet
aggregation (r = -0.52, P < 0.05; Figure 2B). In agreement
with others[31], the number of platelets was significantly
inversely related to the degree of histological fibrosis
(r = -0.78, P < 0.01). A significant difference was observed
between plasma levels of S-NO from patients with
platelet counts > 150 000/ µ L (generally considered a
mean of normal values) and those with platelet counts
< 50 000/µL (33.8 ± 7.5 vs 21.4 ± 6.9 µmol/L, respectively;
P < 0.01). For this purpose, we further evaluated the data
by dividing HCV patients into two groups on the basis
of their platelet numbers. Table 2 summarizes the results.
The evaluation revealed significant differences among CH
patients on the basis of their platelet numbers. In fact,
in patients with a high degree of histological fibrosis, in
addition to the number of platelets being significantly
lower than that found in patients with a low degree of
fibrosis, other parameters were significantly different.
Nitrite was increased and S-NO, despite always being
significantly higher than in the controls (P < 0.01), was
significantly decreased relative to its level in patients with
www.wjgnet.com

normal numbers of platelets. GSH and CYS decreased and
MDA and 4-HNE increased with the progression of liver
damage and reached values significantly different from
those of controls (P < 0.01). In contrast, proinflammatory
cytokines were higher in patients with a lower degree of
fibrosis (P < 0.01 in comparison to the others). HCV RNA
levels did not differ between the two CH groups. Table 2
also shows the relationship existing among thiols in the
circulation and oxidative stress. In fact, with the increase
of plasma markers of oxidative stress (MDA and 4-HNE),
total nitrite, NPSH, GSH and CYS decrease, while S-NO
increase.
Platelet aggregation
Compared with controls, maximal aggregation induced by
ADP was significantly increased in CH patients (Figure 3).
Moreover, the collagen addition induced a significant
increase in maximal aggregation in the platelets from
CH patients (Figure 3). After incubation with GSNO in
agreement with others[25,32,33], maximal aggregation induced
by ADP was significantly reduced in both groups, but
the reduction was much more evident in the CH patients,
while maximal aggregation induced by ADP was not
changed by the addition of GSNO in control group and
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Figure 3 Percentage aggregation (mean ± SD) obtained in HCV-positive patients
and controls, in basal conditions and after incubation with GSNO. Compared with
controls % maximal aggregation induced by ADP was significantly increased in
CH patients. Moreover, the collagen addition induced a significant increase in
% maximal aggregation in the platelets from CH patients. After incubation with
GSNO, % maximal aggregation induced by ADP was significantly reduced in both
groups, but the reduction was much more evident in the CH patients, while %
maximal aggregation induced by ADP was not changed by the addition of GSNO
in control group and was significant reduced in CH patients. C: controls; CH:
chronic hepatitis; GSNO: nitrosoglutathione. aP < 0.05, bP < 0.01 vs ADP; dP < 0.01
vs collagen; cP < 0.05 vs ADP; fP < 0.01 vs collagen.

was significant reduced in CH patients (Figure 3).
Besides, the morphology of the aggregation curve
induced by collagen was different in control and HCVpositive patients. In the latter a delay appeared at the
beginning of the aggregation. Such a delay was completely
abolished by GSNO. Figure 4 shows the aggregation
curves of a single representative CH patient before and
after GSNO. GSNO was able to reduce platelet maximal
aggregation and modified the curve morphology by
abolishing the delay in the beginning of the aggregation.

DISCUSSION
This study confirms[31] the inverse correlation between
liver fibrosis and number of platelets. Thrombocytopenia
in chronic he patitis caused by HCV may be considered a consequence of portal hypertension or of
myelosuppression by HCV or of reduced hepatic
production of thrombopoietin[34-37]. However, our data
provide additional explanations for the occurrence of
thrombocytopenia in CH. In fact, we are the first to
demonstrate that, as suggested by others[6], the function
of platelets from patients with chronic HCV-related
hepatitis may also be modified. In vitro, platelets from
these patients display increased aggregation induced by
ADP and collagen and a latency time before aggregation
when compared with platelets from healthy controls. The
addition of GSNO, the major constituent of circulating
levels of S-NO in vivo, reverses these alterations, at least
in part. In fact, GSNO reduces the aggregation induced
by ADP in all groups, and in HCV positive patients, it not
only reduces the aggregation induced by collagen but also
abolishes the latency time. Our data also confirm the antiaggregation activity of GSNO that has been documented
by others in vitro and in vivo[18,25,32,33,38].
In vivo, S-NO may serve as a carrier in the mechanism

+GSNO

40

0

2

t /min

4

Figure 4 Aggregation curves of a single representative CH patient before and
after GSNO. GSNO was able to reduce platelet % maximal aggregation and
modified the curve morphology by abolishing the delay in the beginning of the
aggregation. GSNO: nitrosoglutathione.

of action of the endothelium-derived relaxing factor
(EDRF), by stabilizing the labelled NO radical from
inactivation by reactive species in the physiological milieu
and by delivering NO to the heme activator site of guanyl
cyclase. GSH and CYS form S-NO with anti-platelet
properties associated with the stimulation of guanyl
cyclase and a significant decrease in fibrinogen binding to
platelets[39]. In addition, S-NO inhibits thrombin receptoractivating-peptide-induced platelet aggregation[33,40-42].
The state of NO in the circulation is dynamic, since it
continuously forms S-NO adducts that are continuously
exchanged with albumin or haemoglobin or released at the
cellular level. The storage and biodegradability of NO in
the circulation, which are strongly influenced by the redox
status of plasma, significantly affect the bioavailability and
effects of NO on platelets. The redox status of plasma
also affects the import/export as well as the production of
NO from platelets[12-14,43,44]. In fact, the dynamic process of
S-thiolation in response to oxidative stress is considered an
important pathway in the maintenance of the function of
platelets[8,45]. S-NO may also act as antioxidant substances,
as they inactivate nitrogen reactive species (nitroxyl anion,
nitrosonium cation, nitrogenous oxides, peroxynitrite,
etc.)[19]. In consideration of these complex interactions, we
simultaneously evaluated plasma levels of nitrite, NPSH,
GSH, CYS, and S-NO in order to have an overall picture,
even if not complete, of the dynamic transport of NO in
the circulation in relation to a possible alteration of the
redox status.
In the present investig ation, S-NO levels were
increased in CH patients and directly correlated with
the number of platelets. This increase is likely due to
the increase in plasma levels of cytokines produced by
activated neutrophils and monocytes. The activation of
these circulating cells leads to an increase in the production
of NO involved in exchange with NO adducts [46,47] .
When we considered all patients with HCV CH together,
we did not find any variation in the plasma levels of
antioxidants or markers of lipid peroxidation. However,
by dividing patients on the basis of their histology, we
clearly documented that, in the absence of alterations
in redox status, as expressed by normal plasma levels
of thiols and lipid peroxidation markers, NO circulates
www.wjgnet.com
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primarily as S-NO. In this situation, it may contribute to
the maintenance of normal platelet function, probably
by helping to counteract possible oxidative stress. With
increased oxidative stress and/or decreased antioxidant
levels, the nitrosylation pathways’ activities are decreased
and NO circulates as nitrite/nitrate, which are significantly
increased in patients with more advanced liver fibrosis.
In this condition, aggregation may be altered, resulting in
the low number of platelets we recorded. In this context,
the major cause of altered platelet function should be the
decrease in GSH. In fact, this thiol is highly important for
platelet function and when its level decreases, platelets can
produce per se free radical intermediates when reacting
with platelet aggregatory agents[48].
In healthy volunteers, oral administration of KNO3
induces an increase in plasma S-NO and significantly
inhibits platelet ag gregation, without any effect on
systemic and portal pressure[49]. Recently, S-NO have been
chemically synthesized and proposed as a class of drugs
that, upon decomposition, release NO and are therefore
useful in patients with cardiovascular diseases[50]. They
also have a detoxifying effect, as they inactivate nitrogen
reactive species by continuously exchanging NO with SH
groups[19].
In conclusion, our study reveals a defect in platelet
aggregation in patients with HCV-related CH. This defect
depends, in part, upon variations in NO-related pathways
in the circulation. When the plasma redox status and
bioavailability of GSH are normal, NO circulates primarily
as SNO; in these conditions, the production of NO may
also be increased by iNOS activated by cytokines. In this
situation, S-NO could help to maintain normal platelet
aggregation. Data from experiments in vitro confirm
this hypothesis: the addition of GSNO ameliorated
the aggregation defect of platelets from HCV patients.
Increased oxidative stress and decreased bioavailability of
GSH, as documented in patients with a high degree of
fibrosis, lead to the formation of more nitrite than S-NO;
all these events reduce platelet aggregation.
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CONCLUSION: Cold storage using Polysol resulted
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Abstract
AIM: To evaluate the potential of Polysol, a newly
developed preservation solution, in cold storage of small
bowel grafts, compared with the current standards,
University of Wisconsin solution (UW), Celsior and
histidine-tryptophan-ketoglutarate solution (HTK).
METHODS: Male Wistar rats were used as donors.
Small bowels were retrieved, flushed and then stored
in the respective 4 solutions for 18 h at 4℃. Functional
integrity of the grafts was evaluated by isolated
reperfusion with oxygenated Krebs-Henseleit buffer at
37℃ for 30 min in all 4 groups.
RESULTS: Polysol preservation exhibited the highest
tissue ATP concentration and the lowest release of LDH.
Malondialdehyde, an index for tissue lipid peroxidation,
w a s a l s o t h e l o w e s t i n Po l y s o l . T i s s u e o x y g e n
consumption was significantly higher in Polysol than in
the others. Of interest, UW-storage promoted 10-fold
higher apoptosis than in the others. Moreover, electron
microscopy revealed that the mucosal villi/micro-villi
formation and the cell organelles, including mitochondria,
were both significantly better preserved in Polysol, while
deleterious alterations were apparent in the others, most
notably in UW. Although Celsior and HTK exhibited the
better trend of results than UW in some parameters, but
could not reach the over-all superiority to UW.
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INTRODUCTION
In the last decade, small bowel transplantation (SBTx)
has emerged as a life-saving option for patients with
intestinal failure and life threatening complications of
total parenteral nutrition. Although the recent advances in
immunosuppressive agents or regimens, such as Tacrolimus
or anti-CD25 antibody, have brought a “break though” in
organ transplantation, the patient outcome after SBTx still
remains inferior to other organ transplantations, such as
heart, kidney or liver[1].
Of note, the small bowel is the most perfused organ
under physiological conditions, receiving up to 25% of all
cardiac output, most of which (up to 90%) is consumed
in the mucosa and the submucosa, to sustain its large
surface area (up to 100 m2) and its high turn over rate.
This physiological feature of the gut leads, in turn, to the
extreme vulnerability of the mucosal layer to ischemia
during cold storage (CS). Although intestinal mucosa has
high regenerative ability, Takeyoshi et al demonstrated that
morphological recovery of the injured ileal mucosa after 24 h
CS requires at least one month[2]. This prolonged damage
from ischemia/reperfusion injury (IRI) surely participates
not only in acute graft rejection but also in various
postoperative complications, such as bacterial translocation
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(BT), endotoxin absorption and long-lasting malnutrition
of the recipient. Moreover, there have been lines of
evidence demonstrating that the incidence of BT was not
different between allogenic and isogenic transplantation, in
the latter no immunological rejections occurred[3,4]. These
facts clearly suggest that non-immunological factors, such
as IRI, seem to play an important role in the development
of BT. Taken all these together, how to protect the
mucosal integrity during organ preservation still remains
of primary interest to further improve the clinical outcome
of SBTx[5].
Meanwhile, the current clinical standard for small bowel
preservation is cold static storage using the University of
Wisconsin solution (UW). Despite its overall acceptance
as the first choice for solid organs, UW is unable to
effectively preserve the small bowel grafts[6,7]. Small bowel
preservation using UW is rather disappointing since the
storage time is restricted only to 6-8 h, thus limiting the
area of organ delivery. This limitation, at least in part,
interferes to select the most proper recipient of HLA
matching, even though more suitable candidates are out
of the transportable area. Moreover, with such a relatively
short storage duration, the 1-year graft survival after SBTx
is still 65%[8]. Other commercially-available preservation
solutions, such as Histidine-Tryptophane-Ketoglutarate
(HTK) and Celsior have not been used in clinical SBTx
so far, mainly due to the lack of relevant evidence for
their usefulness[7,9,10]. Accordingly, there has clearly been
an urgent need for developing a novel refinement in small
bowel preservation as well as for a reliable comparison
study of standard preservation solutions for successful
SBTx.
Recently, a new preser vation solution, Polysol,
was developed for hypother mic machine-perfusion
preservation. Polysol is a lower viscosity solution than
UW, while keeping a high oncotic pressure. Furthermore,
Polysol contains free radical scavengers, various kinds of
amino acids, vitamins and nutrients, all of which certainly
counteract the adverse effects during CS. In fact, we have
recently demonstrated, using a rat model of steatotic liver
preservation, that Polysol exhibited a superior quality
of such “marginal” organ preservation in CS[11]. These
characteristic features of Polysol have led us to hypothesize
that this solution might reduce the high susceptibility of
the small bowel grafts to IRI, even in simple CS.
The present study was thus designed to investigate the
potential of Polysol on preserving the integrity and the
function of small bowel grafts in CS, and to compare its
efficacy and feasibility with the current standards, UW,
Celsior and HTK.

MATERIALS AND METHODS
Animals
All animal experiments were performed in accordance
with the federal German law regarding the protection
of animals. This study also complied with institution
guidelines as well as the criteria in “Guide for the Care
and Use of Laboratory Animals” (NIH publication 86-23,
revised 1985).
Male Wistar rats weighing between 250 g and 300 g
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were used as donors, and randomly assigned into four
groups; UW, Celsior, HTK or Polysol group (n = 7 each).
They all received humane care and had an acclimatization
period of at least 1 wk under specific pathogen free
conditions according to the FELASA (Federation of
European Laboratory Animal Science Associations)
recommendations.
Preservation solutions
UW (Via Span) was purchased from DuPont Pharma (Bad
Homburg, Germany).
The HTK solution (Custodiol), from Dr. Franz Köhler
Chemie GmbH (Alsbach-Hähnlein, Germany), Celsior
from Genzyme (Neu-Isenburg, Germany), and Polysol
from Doorzand Medical Innovations (Amsterdam, The
Netherlands) were all provided free of charge for research
purpose. The main components in the respective solutions
are summarized in Table 1.
Retrieval of the small bowel
Prior to the surgical procedures, rats were fasted for 24 h
while having free access to water, and then anesthetized
by intramuscular injection of ketamine (90 mg/kg) and
xylazine (10 mg/kg). The abdomen was opened by a
midline incision with bilateral subcostal extensions,
and the total jejunum and ileum was isolated with the
vascular pedicle, as described in detail elsewhere[12]. The
rats were administered heparin (1000 U/kg) before the
organ retrieval. The superior mesenteric artery (SMA) was
cannulated with a 20-gauge polyethylene catheter and the
small bowel was immediately flushed with 10 mL of the
respective solutions at 4℃. The portal vein was cannulated
with a polyethylene catheter (I.D. 1.5 mm), later connected
to a silicone tube to allow the collection of the venous
effluent upon reperfusion. A short 14-gauge cannula was
inserted into the upper jejunal lumen and secured with a
circumferential tie. The intestinal lumen was first flushed
with 20 mL cold normal saline solution, followed by a
rinse with 15 mL of the respective preservation solutions.
Cold storage
The excised small bowel grafts were stored ischemically
for 18 h in a cold bath of the respective solutions (100
mL). The temperature was kept at 4℃ constantly by
an external cooling circuit (Ministat 125, Peter Huber
Kältemaschinenbau GmbH, Germany).
Isolated reperfusion
The grafts were thereafter reperfused in vitro in a recirculating
fashion at a constant flow rate of 8 mL/min for 30 min,
according to the previously established techniques [12].
The grafts were weighed, and then gently reflushed with
5 mL of normal saline at 22℃ via SMA. They were then
transferred into a temperature-controlled (37℃) organ
bath, filled with the modified Krebs-Henseleit buffer
(KHB). The compositions were as follows: 50 g/L dextran
78, 9.5 g/L KHB, 0.37 g/L calcium chloride, 0.06 mg/L
dexamethasone, 0.07 g/L atropine, and 0.21% sodium
bicarbonate. The small bowel graft was floated, but
almost completely immersed in KHB at 37℃, allowing
homogeneous perfusion flow and temperature. The care
www.wjgnet.com
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Table 1 Composition of UW, celsior, HTK and polysol
Components

UW

Celsior

HTK

Polysol

Colloid (g/L)
Na/K ratio (mmol/L)
Buffers (mmol/L)

HES (250 kDa), 50
27/125
H2PO4-, 25

100/15
Histidine, 30

10/15
Histidine, 180

Antioxidants (mmol/L)

Allopurinol, 1
Glutathion, 3

Glutathion, 3

PEG (35 kDa), 20
135/5
Histidine, 6.3
H2PO4-, 21.74
HEPES, 20
Allopurinol, 1.2
Glutathion, 3
Alpha-tocopherol, 5 × 10-5
Ascorbic acid, 0.11
Glucose, 11.1
Adenine, 5
Sodium pyruvate, 0.23
Raffinose, 3
Trehalose, 5.3
Na+-Gluconate, 74.99
K+-Gluconate, 20
various1, 11
various2, 0.17
2/4
Adenosine, 5

Nutrients (mmol/L)

-

-

-

Glucose, 28

Impermeants (mmol/L)

Lactobionate, 100
Raffinose, 30

Lactobionate, 80

Amino acids (mmol/L)
Vitamins (mmol/L)
Ca2+/Mg2+ (mmol/L)
Others (mmol/L)

Adenosine, 5

Glutamic acid, 20
0.25/13
Mannitol, 60

pH
Osmolarity (mOsm/L)
Viscosity at 5℃ (cP)

7.4
320
5.7

7.3
320
1.3

Tryptophan, 2
0.015/4
Mannitol, 30
Ketoglutarate, 1
7.2
310
1.8

7.4
320
1.8

UW: University of Wisconsin solution; HTK: histidine-tryptophan-ketoglutarate solution; HES: hydroxyethyl starch; PEG: polyethylene glycols; cP: centi-Poise.
1
The following amino acids (mmol/L) are supplemented in Polysol: alanine (1.01), arginine (1.18), asparagines (0.08), aspartic acid (0.23), cystine (0.33), cystine
(0.25), glutamic acid (0.34), glutamine (0.002), glycine (0.67), isoleucine (0.38), leucine (0.57), lysine (0.48), methionine (0.30), ornithine (2.00), phenylalanine (0.30),
proline (0.78), serine (0.29), threonine (0.34), tryptophan (0.88), tyrosine (0.19), and valine (0.43). 2The following vitamins (mmol/L) are supplemented in Polysol:
ascorbic acid (0.11), biotin (0.21), Ca-pantothenate (0.004), choline chloride (0.01), inositol (0.07), ergocalciferol (3 × 10-4), folic acid (0.002), menadione (4 × 10-5),
nicotinamide (0.01), nicotinic acid (0.004), pyridoxal (0.005), riboflavin (0.003), thiamine (0.03), vitamin A (3 × 10-4), vitamin B12 (1 × 10-4) and vitamin E (5 × 10-5).

was taken to avoid unnatural bending or distortion of
the graft. Carbogen (95% O2 + 5% CO2) was used for
oxygenation, and perfusate-pO 2 was continuously kept
over 500 mmHg during the whole reperfusion period. The
venous effluent was collected intermittently through the
portal vein catheter for biochemical analysis.
Parameters
Adenosine triphosphate (ATP) concentration: At the
end of reperfusion, tissue samples in all groups were snap
frozen in liquid nitrogen and preserved below -80℃ until
later analysis. The samples were first cut into small pieces
in liquid nitrogen and weighed (wet-weight), then freezedried in a high vacuum system at -40℃ for six days (Beta
1-16, Martin Christ Gefriertrocknungs-Anlagen GmbH,
Osterode, Germany). After tissue water was evaporated,
the samples were weighed again (dry-weight). The tissue
concentrations of ATP were determined by standard
enzymatic tests, as described in detail elsewhere[13]. The
results were ultimately corrected with the respective wetweight per dry-weight ratio of the samples, and expressed
in micromoles per gram of dry-weight.

preserved below -80℃. Tissue malondialdehyde (MDA)
was extracted at 4℃ in 10 mL/g frozen wet-weight of
0.33 mol/L perchloric acid (HClO42), and then neutralized
with 2 mol/L potassium hydroxide (KOH). After
removing precipitated KClO4, the MDA concentrations
were determined using a fluorometric method, as detailed
elsewhere[14].
The oxygen consumption of
Oxygen consumption: ��������������������������
the small bowel tissue was determined as a parameter for
the remaining metabolic activity of the grafts. Perfusate
samples at 30 min reperfusion were taken both from the
SMA inflow and from the portal venous effluent, and
their oxygen contents were measured immediately by a
pH-blood gas analyzer (ABL 5, Acid-Base Laboratory,
Radiometer, Copenhagen, Denmark). The oxygen uptake
was calculated from the difference between the both
samples and expressed as µL O2 per minute per gram dryweight, according to the perfusion flow, tissue mass and
the solubility coefficient (24 µL of O2 per milliliter buffer).

Lactate dehydrogenase (LDH) release: Effluent
activities of LDH were determined at the end of reperfusion
using a commercially-available photometric kit (Boehringer,
Mannheim, Germany), as an index for graft tissue damage.

Apoptosis
Perfusate samples at 15 min of reperfusion were also tested
for fragmented DNA release using a Cell Death Detection
ELISAPLUS Kit (Roche Molecular Biochemicals,
Mannheim, Germany), according to the manufacturer’s
instruction.

Tissue lipid peroxidation: At the end of reperfusion, tissue
samples in all groups were snap frozen in liquid nitrogen and

Electron microscopy
At the end of CS, additional tissue samples (n = 3 each)
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Figure 1 Tissue ATP Content as a parameter for functional recovery of the
mitochondria and resultant tissue integrity after 18 h cold storage and 30 min
oxygenated reperfusion. Data are expressed as micromoles per gram of tissue
dry-weight (mean ± SE, n = 6 each). aP < 0.05 vs UW, bP < 0.001 vs UW, cP < 0.05
vs Celsior.
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Figure 3 MDA concentrations in the graft tissues, as an index for lipid peroxidation
after 18 h cold storage and 30 min oxygenated reperfusion (mean ± SE, n = 6
each). bP < 0.001 vs Celsior, HTK and Polysol.
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Figure 2 LDH release into the perfusate, as a parameter for general tissue
damage after 18 h cold storage and 30 min oxygenated reperfusion (mean ± SE,
n = 7 each). aP < 0.05 vs UW.

were perfused with glutaraldehyde and paraformaldehyde
solution (2% each in phosphate-buffered saline) through
SMA with a constant pressure of 70 cm H 2 O, then
immersed into the same solution for at least 2 d at 4℃.
The samples were cut into 0.5 mm slices, post-fixed with
OsO4 (osmic acid fixative) and embedded in Epon 812
(Serva, Heidelberg, Germany). Semithin sections were
then stained according to the procedure by Richardson
et al[15]. Thin sections were thereafter stained with uranyl
acetate and lead citrate, and then examined with a Phillips
CM 10 electron microscope (Phillips, Eindhoven, The
Netherlands).
Statistical analysis
All results are expressed as mean ± SE from the 7
independent observations, unless otherwise mentioned.
Comparisons among the 4 groups were performed by oneway analysis of variance (ANOVA), followed by TukeyKramer’s post hoc test. The differences were considered
statistically significant when P-values were less than 0.05.

Tissue ATP content
The tissue ATP concentration of the graft after CS
and oxygenated reperfusion is regarded as one of the
most important parameters reflecting the organ viability.
We determined the tissue ATP contents at the end of
reperfusion in all groups (Figure 1). The value in Polysol
(2.480 ± 0.036 µmol/g dry-weight) were highest, and was
significantly higher than UW (1.488 ± 0.119 µmol/g dryweight, P < 0.001) and in Celsior (1.885 ± 0.143 µmol/g
dry-weight, P < 0.05). The value in HTK (2.031 ± 0.156
µmol/g dry-weight) was also significant higher than UW
(P < 0.05).
LDH release
After 18 h CS and 30 min oxygenated reperfusion, LDH
release in UW (69 ± 9.4 U/L) was the highest, followed
by HTK (43 ± 7.3 U/L) and Celsior (38 ± 8.4 U/L). The
release was the lowest in Polysol (32 ± 6.5 U/L) among the
4 groups. Only the value in Polysol reached the statistically
significant level versus UW (P < 0.05, Figure 2).
Lipid peroxidation
Tissue MDA content in UW was 9.55 ± 1.360 nmol/mL,
which was significantly higher than the other 3 groups (P <
0.001 vs the others). The values in Polysol (2.34 ± 0.731
nmol/mL). HTK (1.47 ± 0.452 nmol/mL) and Celsior (1.33
± 0.460 nmol/mL) were not significantly different (Figure 3).
Oxygen consumption
The levels of tissue oxygen uptake were not different
among the 3 groups (UW: 9.65 ± 0.83, Celsior: 10.63 ±
0.80, HTK: 9.89 ± 0.46 µL/min per gram dry-weight).
The value in Polysol (13.94 ± 0.51 µL/min per gram dryweight) showed the highest among the 4 groups (Figure 4),
reaching the significantly higher level vs Celsior, HTK (P <
0.01) and UW (P < 0.001).
Apoptosis
To quantitatively assess the magnitude of apoptosis, we
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Figure 4 Tissue oxygen consumption at 30 min oxygenated reperfusion, as a
parameter for the remaining metabolic activity of the grafts (mean ± SE, n = 7
each). bP < 0.01 vs HTK and Celsior, dP < 0.001 vs UW.

Figure 5 The release of fragmented DNA into the perfusate at 15 min of
reperfusion using a Cell Death Detection ELISA kit (mean ± SE, n = 6 each). bP <
0.01 vs HTK, dP < 0.001 vs Celsior and Polysol.

performed a DNA fragmentation ELISA. The highest
apoptotic cell death was detected in the UW group (1014
± 268 AU/mL), which was significantly higher than the
other 3 groups (P < 0.01 vs HTK, P < 0.001 vs Celsior and
Polysol). The lowest apoptosis was detected in Polysol (81
± 17 AU/mL), followed by Celsior (123 ± 17 AU/mL)
and HTK (172 ± 20 AU/mL). Although statistically not
significant to Celsior and HTK, Polysol group showed the
lowest values, while 10-fold higher apoptosis was identified
in UW (Figure 5).

DISCUSSION

Electron microscopy
In order to evaluate the graft tissue damage at ultrastructural
level, especially focusing on the microvilli formation as
well as on the cell organelles in enterocytes, we conducted
electron microscopy after 18 h CS, as illustrated in Figure 6.
The microvilli formation in UW was severely damaged,
showing sparse and lowered-height of microvilli (Figure
6A). In Celsior, although the microvilli density was
relatively better preserved than in UW, the height of
microvilli was apparently lowered to the same level in
UW (Figure 6B). In HTK, the height of microvilli was
better preserved than in UW and in Celsior; however,
the breakdown of their apical region was diffusely noted,
displaying ragged and jagged formation (Figure 6C). In
contrast to the other 3 groups, such deleterious alterations
were rarely visible in Polysol, indicating homogeneously
preserved microvilli epithelia of the luminal surface
(Figure 6D).
With regard to the damage in cell organelles, the
mitochondria in UW displayed mild swelling and less
electron density of their matrices, in which the cristae
were hardly visible (Figure 6E). In Celsior and HTK,
such detrimental alterations in mitochondria were also
identified, in spite of relatively better-preserved electron
density of the ultrastructures (Figure 6F and G). Unlike
the other groups, the mitochondria in Polysol kept their
oval shape with well-maintained cristae formation (Figure
6H). These findings are thus in good agreement with the
results of tissue oxygen consumption and the resulting
ATP contents, at the point of mitochondrial damage and
function.
www.wjgnet.com

Unlike other organs, small bowel transplantation (SBTx)
has several characteristic burdens, such as rich lymphoid
tissues and large mucosal surface expressing class-2
major histocompatibility antigens. Indeed, the recent
achievements in immunosuppressants, including the
development of Tacrolimus, had brought a new era also in
the management and outcome of clinical SBTx[16]. Thus,
uncontrollable immunological rejection, which had long
been the main cause of patient death, was superseded by
septic complications as the main cause of mortality[1,8].
These events then emphasize another aspect of high
hurdles in SBTx: How to preserve the mucosal integrity
and the barrier functions during/after organ preservation.
In the present study, we demonstrated that cold
storage (CS) of small bowel grafts using Polysol resulted
in significantly better quality of graft preservation than
the current clinical standard, UW, in all the parameters
we tested. Surprisingly, UW exhibited the worst trend
of results in most parameters, even compared with
other currently available solutions, HTK and Celsior.
In particular, morphological integrity of the mucosa,
both microvilli formation and cell organelles, such as
mitochondria, were significantly better preserved by
Polysol, whereas detrimental alterations were apparent
in the UW-stored grafts. Although the present study
did not elucidate the exact mechanisms of the benefits
by Polysol, as well as of the worst results by UW, one
possible explanation to this difference is, at least in part, in
numerous amino-acid supplementations in Polysol.
Polysol contains up to 21 amino acids. During CS,
these amino acids play protective roles in a variety of
cellular house keeping processes by catering both for
metabolic (energy production) and for synthetic (synthesis
of critical molecules) aspects of intestinal metabolism[17,18].
Among them, glutamine, glutamate, and aspartate are
crucial for enterocytes as major energy sources[19]. The
intestinal glutamine catabolism is a multistep process,
resulting in ATP production via the TCA cycle or via
the provision of key elements to the nitrogen-carbon
backbone of purines. Since the glucose utilization is
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limited during CS, glutamine supplementation is thought to
be effective to maintain cellular ATP level, thus alleviating
the tissue damage[20]. Furthermore, because small intestinal
mucosa becomes atrophic when the gut is deprived of
glutamine, its supplementation surely counteracts the
mucosal atrophy during/after cold storage, as manifested
by electron microscopy. Glutamic acid also augments
energy production in anaerobic conditions[12]. Moreover,
glycine is expected to work against oxygen species and
stabilize the tertiary protein structure of cell membranes
upon reperfusion[21]. Also, glycine can restore cellular ATP
levels[22]. As already reported, amino-acid based solutions
could provide a better energy storage in the small bowel
preservation[23,24].
Another characteristic difference is noticed in the antiedematous ingredients (Table 1). Different from the others,
Polysol contains polyethylene glycol (PEG) that enables
both the required oncotic pressure and the relatively
low viscosity (1.8 cP). PEG stabilizes lipid membranes
and contributes to less membrane permeability[25,26], thus
preventing osmotic cell swelling and vascular endothelial
damage[27]. Moreover, PEG also act as a OFR scavenger,
markedly reducing lipid peroxidation upon preservation/
reperfusion process [27,28] . In UW, the colloid used is
hydroxyethyl starch (HES), which (5% in UW) causes
over 3-fold higher viscosity (5.7 cP), thereby triggering
vasoconstriction and endothelial damage, in cooperation
with the high potassium concentration [29,30]. Moreover,
HES also causes hyperaggregation of erythrocytes, which
may result in incomplete, heterogeneous blood-washout
of the graft tissue. On the other hand, HTK and Celsior
are crystalloid solutions with lower viscosity and lower
potassium concentration (Table 1). It was already proven
that HTK and Celsior were superior than UW as an initial
flushing solution, not only for small bowel but for liver
and heart[31,32], mainly due to the lower viscosity of 1.3-1.8
cP. The viscosity of Polysol is also 1.8 cP, and was proven
to have the same efficacy to HTK as a flushing solution[33].
Among the parameters we investigated, one of the
most remarkable differences is notable in the magnitude
of apoptosis. Surprisingly, the apoptosis in the UW-stored
grafts was almost 10-fold higher than that in Polysol.
Apoptosis affects the permeability of the intestinal mucosa,
impairs its barrier function after transplantation, thus
leading to BT and endotoxin absorption. As previously
demonstrated, apoptosis is a predominant form of cell
death in intestinal IRI[34], and is an important predictive
factor for primary allograft dysfunction in clinical SBTx[35].
Considering the mechanisms underlying the difference in
apoptosis, we focused on the antioxidative properties in
each solution. As presented in Figure 4, lipid peroxidation,
caused by oxygen free radicals (OFR), in UW group
was almost 5-fold higher than the other groups. Polysol
has optimized OFR scavenging potential, achieved by
supplementation of not only glutathione and allopurinol
but also ascorbic acid (vitamin C), selenium, glycine and
alpha-tocopherol (vitamin E), all of which were proven to
be effective as antioxidants upon organ preservation[36-38].
Celsior and HTK, include relatively high dose of histidine
(Table 1), which neutralizes reactive oxygen species and
preserves high-energy phosphates[39]. Thus the enhanced
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Figure 6 A-D: ultrastructural analysis using electron microscopy, microvilli
condition after 18 h CS; E-H: ultrastructural analysis using electron microscopy,
mitochondria in enterocytes after 18 h CS.

antioxidative property of these 3 solutions attenuated
OFR-mediated cellular damage upon reperfusion, thereby
reducing apoptotic cell death.
Although further investigations in a transplant
model are of course required to confirm the findings
in this study, this ex vivo experimental setting has several
advantages to assess the quality of organ preservation.
First, in contrast to a real transplant model, the results
from this isolated setting are not influenced from
immunological alloreactions, facilitating the precise
evaluation for the organ preservation. Taken into account
that intestinal mucosa is the main target from the host
www.wjgnet.com
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immune system, because of its high expression of class-2
major histocompatibility antigens, this isolated setting is
thought to be feasible to assess the preservation quality
itself, without any interference from immunological
reactions. Simpler procedures (just organ retrieval, without
implantation) and resultant well-reproducible results are
also the advantages of this method.
In summary, this is the first report demonstrating a
comparison study of the currently available preservation
solutions, UW, HTK, Celsior and Polysol, in the efficacy
for small bowel preservation. Polysol, a newly developed
preservation solution, exhibited the superior quality of
small bowel preservation than the current clinical standard,
UW after 18 h cold storage. HTK and Celsior also showed
better potential in some parameters, however, the both
could not reach the over all superiority than UW. Hence in
conclusion, Polysol may be a novel suitable alternative for
small bowel preservation.
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Abstract
AIM: To compare different preconditioning strategies
to protect the liver from ischemia/reperfusion injury
focusing on the expression of pro- and anti-apoptotic
proteins. Interventions comprised different modes of
ischemic preconditioning (IP) as well as pharmacologic
pretreatment by α-lipoic acid (LA).
METHODS: Several groups of rats were compared:
sham operated animals, non-pretreated animals (nt),
animals receiving IP (10 min of ischemia by clamping
of the portal triad and 10 min of reperfusion) prior to
sustained ischemia, animals receiving selective ischemic
preconditioning (IPsel, 10 min of ischemia by selective
clamping of the ischemic lobe and 10 min of reperfusion)
prior to sustained ichemia, and animals receiving 500
μmol α-LA injected i.v. 15 min prior to the induction of
90 min of selective ischemia.
RESULTS: Cellular damage was decreased only in
the LA group. TUNEL-positive hepatocytes as well as
necrotic hepatocyte injury were also decreased only by
LA (19 ± 2 vs 10 ± 1, P < 0.05 and 29 ± 5 vs 12 ± 1,
P < 0.05). Whereas caspase 3- activities in liver tissue
were unchanged, caspase 9- activity in liver tissue was
decreased only by LA pretreatment (3.1 ± 0.3 vs 1.8
± 0.2, P < 0.05). Survival rate as the endpoint of liver
function was increased after IP and LA pretreatment
but not after IPsel. Levels of lipid peroxidation (LPO) in
liver tissue were decreased in the IP as well as in the
LA group compared to the nt group. Determination of
pro- and anti-apoptotic proteins showed a shift towards
www.wjgnet.com

anti-apoptotic proteins by LA. In contrast, both our IP
strategies failed to influence apototic cell death.
CONCLUSION: IP, consisting of 10 min of ischemia
and 10 min of reperfusion, protects only partly against
ischemia/reperfusion injury of the liver prior to 90 min
of selective ischemia. IPsel did not influence ischemic
tolerance of the liver. LA improved tolerance to ischemia,
possibly by downregulation of pro-apoptotic Bax.
© 200 WJG . All rights reserved.
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INTRODUCTION
Ischemic preconditioning (IP), first described by Murry
et al[1], has been reported to induce tolerance to ischemia/
reperfusion injury (IRI) in many organs, such as brain,
heart, and skeletal muscle[2]. Especially in IRI of the liver,
there are numerous studies that describe the protective
effects of IP[3].
With both in vivo and in vitro models, the cycle of
preconditioning seems to be critical for the induction of
ischemic tolerance. Hypoxic periods shorter than 5 min
duration or exceeding 15 min failed to induce protection.
Similarly, periods of reperfusion of shorter than 5 min or
exceeding 15 min also had no protective effect[4]. Ischemic
tolerance of the rat liver was demonstrated by IP consisting
of 5 min of ischemia and 30 min of reperfusion[5]. IP has
shown contradictory effects in numerous experimental
studies using different animal species[6-8]. In humans, IP
has been carried out as a protective strategy against hepatic
IRI[9,10].
Apart from the beneficial effects on hepatic IRI,
the mechanism by which IP confers protection remains
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to be elucidated. Blocking the generation of reactive
oxygen species (ROS) is considered one of the most likely
mechanisms of action of IP[5,11]. IP has been shown to
protect the mouse liver by inhibition of apoptosis through
a caspase-dependent pathway[4].
Pro- and anti-apoptotic proteins, such as Bax and
Bcl-2, play a key role in mediating apoptotic cell death
in hepatic IRI. Bax was described to directly induce the
release of cytochrome c from isolated mitochondria,
whereas overexpression of Bcl-2 strongly attenuated the
hepatic IRI by inhibition of cytochrome c release[12].
Previous studies of our group showed that LA is a fast,
easy, and safe method to attenuate IRI[13]. As lipoamide, LA
is a cofactor in multiple enzyme complexes that catalyze
the oxidative decarboxylation of γ -keto acids, such as
pyruvate, γ-ketogluterate and branched-chain γ-keto acids.
It was found to be synthesized by animals and humans.
Recently, it has been found that LA exerts powerful
antioxidant effects. These effects have led to studies of the
use of LA in a number of oxidative stress conditions[14].
Although IP is presently the best accepted strategy to
attenuate IRI, IP has only rarely been compared to other
interventions. A comparison of a “traditional” IP strategy
(i.e. 10 min of ischemia and 10 min of reperfusion)
with both a novel selective, partial clamping method
and a promising pharmacologic intervention (LA) may
provide insights into the mechanisms of action of IRI.
Selective portal triad clamping (IPsel) has been described
to minimize IRI of the liver during ablative treatment of
colorectal metastases. However, studies on the influence
of IPsel on IRI of the liver are rare[15].
The aim of the present study was to compare both
the extent and potential mechanism of action of three
different preconditioning strategies.

MATERIALS AND METHODS
Animals
Male Brown Norway rats weighing 175-200 g (Harlan,
Paderborn, Germany) were used. All animals had access
to water and rat chow ad libitum (Global Diet Harlan). The
animals were maintained in accordance with the ”Guide
for the Care and Use of Laboratory Animals” prepared
by the National Academy of Sciences and published by
the National Institutes of Health (NIH publication 86-23,
revised 1985). The study was approved by our Institutional
Animal Care and Use Committee.
Ischemic preconditioning
IP was carried out by placing a microvascular clamp
on the portal triad. IPsel was carried out by placing
a microvascular clamp on the corresponding branch
of the portal vein, hepatic artery, and bile duct of the
left (acute experiment) or the median (animal survival)
liver lobe proximal to its origin. As a model for acute
experiments, 90 min ischemia of the left liver lobe was
performed by clamping the corresponding branch of
the portal vein, hepatic artery, and bile duct proximal to
its origin. Reperfusion was initiated by removal of the
clamp. Thereafter, the abdominal cavity was closed with
running sutures, and animals were allowed to awaken
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without resuscitation of additional fluid. The animals had
free access to water and rat chow ad libitum. After 4 h of
reperfusion, anesthetized animals were sacrificed, and liver
tissue and plasma were stored for further examination.
Several experimental groups were studied: (1) shamoperated animals (n = 3); (2) 90 min ischemia without
any pretreatment (n = 5), (3) 90 min ischemia with IP (10
min of ischemia by clamping of the portal and 10 min
of reperfusion) prior to sustained ischemia (n = 5), (4) 90
min ischemia with IPsel of the ischemic lobe (10 min of
ischemia by selective clamping of the left lobe and 10 min
of reperfusion) prior to sustained ichemia (n = 5), and
(5) 500 µmol LA (120 µg/mL saline) via the abdominal
vena cava 15 min prior to sustained ischemia (n = 5). Body
temperature (37 ± 1℃) was monitored and maintained by
a heating lamp. The sham, untreated, IP, and IPsel groups
received vehicle (1 mL).
Animal survival was investigated by resecting nonischemic liver tissue at the time of reperfusion. After
induction of anesthesia with inhaled ether, the abdominal
cavity was accessed through a midline incision. Inflow
occlusion of the median lobe was performed by placing a
microvascular clamp on the median branch of the portal
vein, hepatic artery, and bile duct. Ischemia was maintained
for 90 min, immediately after which the non-ischemic liver
tissue, i.e. the right, the caudate, and the left liver lobes,
was resected (70% liver tissue). Thereafter, the abdominal
cavity was closed with running sutures, and animals were
allowed to awake without resuscitation of additional fluid.
Several experimental groups were studied: (1) control
animals only treated by liver resection (n = 3); (2) 90 min
of ischemia of the median liver lobe followed by liver
resection (n = 5), (3) 90 min of ischemia of the median
liver lobe with IP (10 min of ischemia by clamping of the
portal triad and 10 min of reperfusion) prior to sustained
ischemia and liver resection (n = 8), (4) 90 min ischemia
of the median liver lobe with IPsel (10 min of ischemia by
selective clamping of the median liver lobe and 10 min of
reperfusion) prior to sustained ichemia and liver resection
(n = 5), and (5) 90 min ischemia of the median liver lobe
with 500 µmol LA (120 µg per 1 mL saline) administered
via the abdominal vena cava 15 min prior to sustained
ischemia and liver resection (n = 8). Body temperature
was monitored and maintained at 37 ± 1.0℃ by a heating
lamp. The control, untreated, IP, and IPsel groups received
vehicle (1 mL).
Homogenization of liver tissue
Liver tissue was weighed prior to homogenization,
and then diluted 1:5 with 0.01 mol/L PBS (phosphate
buffered saline). Homogenization was carried out with a
Potter tissue homogenizer. A homogeneous mixture was
achieved by vortexing at 800 r/min. Next, the mixture was
centrifuged at 1000 × g for 10 min and the supernatant
pipetted into an Eppendorf tube and centrifuged at 10 000
× g for 20 min. The clear supernatant was pipetted into
a fresh Eppendorf tube and stored frozen at -20℃ until
further measurement.
Measurement of alpha-glutathione-S-transferase (α-GST)
α-GST in plasma 4 h after the onset of reperfusion was
www.wjgnet.com
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measured by absorption using a microplate reader (Bio
Rad). The ELISA kit was run in accordance with the
manufacturer’s instructions (Biotrin, Sinsheim-Reihen,
Germany).
Determination of lipid peroxidation (LPO)
LPO was determined with a standardized test (Cayman
Chemical, Grünberg, Germany). Absorption measurements
were done at 500 nm, using a microplate reader. The test
measures the lipid hydroperoxides based on the calibration
curve, utilizing the redox reactions with ferrous ions. The
resulting ferric ions are detected, using thiocyanate ion as
the chromogen. This procedure eliminates any interference
caused by hydrogen peroxide or endogenous ferric ions in
the sample, and provides a sensitive and reliable assay for
lipid peroxidation.
Caspase 3- and 9- activity in liver tissue
Caspase 3- and 9- activity was measured using a
colorimetric reaction (Caspase Colorimetric Assay, R&D
Systems Germany, Wiesbaden) at a wavelength of 405
nm. All samples were prepared in pairs; one pair was
measured with and one without substrate according to the
manufacturer’s instructions. The results are expressed as
fold increase in caspase activity in post-ischemic versus
non-ischemic sham liver tissue[16].
T he protein concentration was deter mined by
spectrophotometry with a standardized test (Protein Assay
ESL, Roche Diagnostics).
Pathology and apoptosis evaluation
Formalin-fixed hepatic tissue samples were embedded in
paraffin, and 5 µm sections were cut. Replicate sections
were either stained with hematoxylin and eosin (H&E)
for the evaluation of morphologic features of necrosis
or stained with the terminal deoxynucleotidyl transferasemediated dUTP nick-end labeling (TUNEL) assay for the
evaluation of apoptosis.
The liver sections were fixed in freshly prepared
neutral buffered formalin (PBS). Frozen sections (5 µm)
of the fixed tissue were prepared and stained with the
TUNEL method, using a commercial kit (Chemicon
International, ApoTag peroxidase in situ apoptosis
detection kit, Hampshire, UK). The percentage number of
TUNEL-positve hepatocytes was estimated by evaluating
the number of hepatocytes per high power field (hpf)
compared with number of TUNEL-positive hepatocytes
(× 400).
Morphological criteria of necrosis, such as shrinkage,
loss of architecture, eosinophilia and karyolysis, were
evaluated in serial sections stained with H&E. The
percentage of necrosis was estimated by evaluating the
number of microscopic fields with oncosis compared with
the entire histologic section. All histologic evaluations were
done in a blinded fashion.
Bax and Bcl-2 expression
The expression of Bax and Bcl-2 was assessed by RTPCR. The expression of 18 S ribosome was used as the
housekeeping gene. Total RNA was isolated using RNeasy
www.wjgnet.com
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Mini-Kits (Qiagen). After photometric determination of
the amount of RNA, a first strand cDNA was synthesized
from 4 µ g RNA from each liver, using the following
procedure: the transcription mix contained 5 µL oligo(dT)
(Gibco-BRL), 3.6 µL dNTP-Mix (10 mmol/L) (GibcoBRL), 8 µL first strain buffer, 4 µL DTT (0.1 mol/L),
1.5 µL reverse transcriptase (MLV-T, Roche Diagnostics,
Mannheim, Germany) and 1.5 µL RNA free water (Qiagen).
Controls were performed without the addition of reverse
transcriptase. Cycle conditions were chosen as follows: 90
min at 37℃, 10 min at 94℃, and 30 s at 4℃. The cDNA
was checked by amplification of 18 S robosome. Primers
were designed specifically for rats with Primer 3 Software
(Whitehead Institute, Boston, USA) and synthesized by
MWG Biotech, Germany.
The following primers were used: Bcl-2 neu forward:
5'-TGC-AGA-GAT-GTC-CAG-TCA-GC-3' and Bcl-2
neu reverse: 5'-CAT-CCA-CAG-AGC-GAT-GTT-GT-3'
(expected product 200 bp), Bax forward: 5'-ACA-GATCAT-GAA-GAC-AGG-GG-3' and reverse 5'-CAAAGT-AGA-AGA-GGG-CAA-CC-3' (expected product
203 bp).
All sequences were compared with the complete
rat Gene Bank library to ensure that each primer was
unique for its intended target and that areas of sequence
polymorphisms were avoided.
We additionally performed quantitative real-time
PCR analysis of transcripts for Bax and GAPDH with
predesigned and optimized TaqMan® Gene Expression
Assays (Applied Biosystems) on an Applied Biosystems
7 5 0 0 Re a l - T i m e P C R S y s t e m , a c c o r d i n g t o t h e
manufacturer's instructions as described previously [17].
Relative quantitation was carried out using the delta-deltaCT method.
Statistical analysis
All data are expressed as mean ± SD. Statistical differences
between experimental groups were calculated by GraphPad
Prism Software 1994-1999 using a one-way analysis of
variance (ANOVA) with subsequent post hoc Tukey-tests.
Survival curves were calculated using the Kaplan and Meier
method and compared by a log-rank test. Proportions
were calculated using Fisher's exact test. Differences were
considered statistically significant at Ρ < 0.05.

RESULTS
Serum α-GST
After 90 min of ischemia and 4 h of reperfusion, α-GST
release increased markedly in the untreated, IP, and IPsel
groups in comparison to the sham-operated group, whereas
α-GST increased only slightly after 4 h reperfusion in
the LA-group. α-GST was used as a sensitive marker of
hepatocellular injury for several reasons: α-GST exhibits
a specific but ubiquitious hepatic distribution, has a short
serum in vivo half life time (< 1 h) and is released rapidly
and substantially into the circulation in large amounts after
acute hepatocellular damage[18] (Figure 1).
LPO in liver tissue
LPO values obtained 4 h after reperfusion showed a
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Figure 3 Percentage of necrosis as described in materials and methods after
90 min of ischemia and 4 h of reperfusion. nt: non-treated group; IP: ischemic
preconditioning; IPsel: selective ischemic preconditioning; LA: lipoic acid; aP < 0.05
significantly different vs IP; ns: not significant vs nt.

300

200

100

a
a

0

Sham

nt

IP

IPsel

x-fold increase caspase 9

Lipid hydroxyperoxides (nmol/g)

4

LA
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No TUNEL-staining was observed in the livers of shamoperated animals (data not shown). In the untreated,
IP, and IPsel groups, the number of TUNEL-positive
cells was increased after 90 min of ischemia and 4 h
of reperfusion. The LA-treated group showed a lower
incidence of TUNEL-positive hepatocytes at the same
time point (P < 0.05, Figure 4).
After 4 h of reperfusion following 90 min of ischemia,

1

Sham

nt

IP

IPsel

LA

25
%-TUNEL-positive hepatocytes/hpf

Necrotic cell death
After 90 min of ischemia and 4 h of reperfusion there was
a marked increase in oncotic hepatocytes in the untreated,
IP, and IPsel groups compared to sham-operated animals
(not detectable). In the LA-pretreated group, we observed
a significant decrease of necrotic hepatocytes after 4 h of
reperfusion (Figure 3).
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Figure 2 LPO (nmol/g) after 90 min of ischemia and 4 h of reperfusion. nt:
non-treated group; IP: ischemic preconditioning; IPsel: selective ischemic
preconditioning; LA: lipoic acid. aP < 0.05: significantly different vs nt.

substantial increase in the untreated and IPsel livers
compared to the sham-operated group (Figure 2). In the
LA and IP groups, LPO values were decreased by about
90%.
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Figure 4 TUNEL-positive hepatocytes after 90 min of ischemia and 4 h of
reperfusion, nt: non-treated group; IP: ischemic preconditioning; IPsel: selective
ischemic preconditioning; LA: lipoic acid. aP < 0.05 significantly different vs IP
Caspase 9 activity (x-fold increase) in liver tissue after 90 min of ischemia and 4 h
of reperfusion, aP < 0.05 significantly different vs nt.

we found no measureable caspase 3- activity in the
untreated group in comparison to the sham operated
group (data not shown). Caspase 9- activity was increased
in the non-treated group in comparison to the shamoperated group. In contrast, caspase 9- activity was
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decreased by LA after 4 h of reperfusion in comparison to
the untreated group. IP and IPsel did not alter caspase 9activity compared with the untreated animals.
Animal survival
We compared the survival rates of animals from the
two IP-treated groups with the non-treated group and
the group undergoing only liver resection (Figure 3). All
animals with liver resection and without ischemia survived
the 30-d monitoring period, whereas all animals of the
control group died within the first three days, as did all
animals of the IPsel group. In contrast, 4 of 8 animals
survived in the IP group (P < 0.05 vs control group). In
the LA group, 7 of 8 animals survived (P < 0.05 vs IP
group; Figure 5).
Expression of Bax and Bcl-2 in liver tissue
Using RT-PCR, we saw no expression of Bcl-2 mRNA in
liver of sham-operated animals, while mRNA of Bax was
detectable. In the untreated group, there was expression
of Bax and Bcl-2 mRNA after 90 min of ischemia and 4 h
of reperfusion (Figure 6). In the IP and IPsel group (data
not shown), there was expression of Bax and only weak
expression of Bcl-2. After LA-pretreatment, Bcl-2 was
strongly detectable at the same time point but mRNA of
Bax was absent.
Data for Bax mRNA were confirmed by quantitative
real time-PCR analysis showing upregulation of Bax
mRNA in the untreated and IP group in comparison to the
sham operated animals (2.5 ± 0.1 and 7.6 ± 2.8 versus 1.0
fold increase, P < 0.05). Bax expression was not different
in the LA group in comparison to the sham operated
animals (1.3 ± 0.1 versus 1.0 fold increase, not significant,
n = 4 each group).

DISCUSSION
Results of the current study demonstrate that IP consisting
of 10 min of ischemia and 10 min of reperfusion only
www.wjgnet.com
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partly protects the rat liver against IRI in a model of
90 min of selective ischemia. In contrast, selective IP
consisting of 10 min of ischemia and reperfusion each
does not attenuate liver cell injury in the same experimental
setting. Pretratment with LA, however, protects strongly
against IRI of the rat liver.
In general, the effects of IP segregated into early and
late phases[3]. The early phase follows ischemia immediately
and lasts for 2-4 h. The late phase begins 12-24 h after
ischemia and lasts for about 2 d. In our current study,
we investigated the early phase of IP with a short term
experiment, and we compared animal survival of the
groups as pivotal endpoints to study late effects.
In acordance with our previous studies, we observed
necrosis and apoptosis-related cell death after 90 min
of ischemia and 4 h of reperfusion. Our study suggests
different protective mechanisms for IP and LA. The
reduction in hepatic injury by IP is associated with
attenuation of LPO. In contrast, the protective effect of
LA is associated with a reduction in apoptotic and oncoticrelated cell death. These latter effects are related to a shift
in expression of pro- and anti-apoptic gene products
towards the anti-apoptic Bcl-2[19].
The functional roles of Bax and Bcl-2 are believed
to involve the mitochondrial membrane. Whereas Bax
causes cytochrome c release and apoptotic cell death via
activation of caspase 9-, Bcl-2 prevents these changes in
mitochondria[20]. We demonstrated a reduction of caspase
9-activity after pretreatment with LA and downregulation
of Bax, but neither caspase 9-activity nor Bax or Bcl-2
expression were altered with IP. The results of TUNELstaining in liver tissue further underlined the attenuation
of apoptotic cell death by LA.
T he reduction in LPO in liver tissue under
pretreatment by IP contrasts with the results of others[21],
and we were unable to demonstrate a reduction of
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necrosis-related cell death, measured by α-GST and the
percentage of necrosis in liver tissue, in our model. These
differences might be explained by the different durations
of reperfusion. In our view, these results demonstrate
the protective effects of IP in the early phase of IRI.
ROS, mediating LPO, are generated in the early phase of
reperfusion[22] and so it seems obvious that IP attenuates
generation of ROS. On the other hand, IP increases
animal survival in our long term study. In our view, this
result may suggest the late phase protection of IP. Based
on our results, the question of how IP exerts its late phase
protection remains speculative. In long term experiments,
it has been demonstrated that hepatoprotective effects of
IP are associated with activation of nuclear factor kappa
B (NF-κB), p38 MAPK and with the entry of hepatocytes
into the cell cycle[23]. We speculate that these phenomena
contribute to the observed late phase protection of IP.
We recently demonstrated reduction of hepatocellular
injur y by LA after 90 min of ischemia and 1 h of
reperfusion accompained by downregulation of BaxmRNA in our RT-PCR[19]. Anti-apoptotic action of LA in
hepatocytes is mediated by inactivation of pro-apoptotic
Bad [24] . Our cur rent data add important additional
information about this concept of LA as a regulator of
pro and anti-apoptotic proteins by shifting the expression
level towards anti-apoptotic Bcl-2.
In summary, IP consisting of 10 min of ischemia
and reperfusion each decreases LPO in liver tissue
accompanied by increased animal survival in a model of 90
min of selective hepatic ischemia. IPsel does not improve
ischemic tolerance of the liver in our experimental setting.
LA is an effective strategy against IRI of the liver and
seems to fulfill its protective properties by influencing proand anti-apoptotic proteins towards the anti-apoptotic Bcl-2.
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INTRODUCTION
Abstract
AIM: To investigate the role of endogenous pain
modulatory mechanisms in the central sensitization
implicated by the visceral hypersensitivity demonstrated
in patients with irritable bowel syndrome (IBS).
Dysfunction of modulatory mechanisms would be
expected to also result in changes of somatic sensory
function.
METHODS: Endogenous pain modulatory mechanisms
were assessed using heterotopic stimulation and somatic
and visceral sensory testing in IBS. Pain intensities (visual
analogue scale, VAS 0-100) during suprathreshold rectal
distension with a barostat, cold pressor stimulation of the
foot and during both stimuli simultaneously (heterotopic
stimulation) were recorded in 40 female patients with
IBS and 20 female healthy controls.
RESULTS: Rectal hypersensitivity (defined by 95% CI of
controls) was seen in 21 (53%), somatic hypersensitivity
in 22 (55%) and both rectal and somatic hypersensitivity
in 14 of these IBS patients. Heterotopic stimulation
decreased rectal pain intensity by 6 (-11 to -1) in
controls, but increased rectal pain by 2 (-3 to +6) in
all IBS patients (P < 0.05) and by 8 (-2 to +19) in IBS
patients with somatic and visceral hypersensitivity (P <
0.02).
CONCLUSION: A m a j o r i t y o f I B S p a t i e n t s h a d
abnormal endogenous pain modulation and somatic
hypersensitivity as evidence of central sensitization.
© 2007 WJG . All rights reserved.

Key words: D i ffu s e n ox i o u s i n h i b i t o r y c o n t r o l s ;
Endogenous pain modulation; Hypersensitivity; Irritable
Bowel Syndrome; Quantitative sensory testing; Visceral
pain; Sensitization

Irritable bowel syndrome (IBS) is characterized by
abdominal discomfort or pain accompanied by changes
in gastrointestinal motility. Peripheral and central nervous
system sensitization have been proposed as an underlying
mechanism in IBS[1]. Persistent or altered peripheral input
secondary to divers insults is likely to lead to central
changes in nociception and sensory perception. Previous
brain imaging studies have demonstrated differences in the
central processing of visceral nociceptive input between
patients with IBS and healthy controls, mainly in the
centers dealing with secondary pain processing and the
assigning of affective content[2,3]. Nociceptive input to the
brain is subject to endogenous modulation by brainstem
and cortical pathways, including the periaqueductal gray
(PAG)-rostroventral medulla (RVM) network, spino-bulbospinal diffuse noxious inhibitory controls (DNIC) and the
frontal lobe[4,5].
Functional assessment of the endogenous pain
modulatory pathways has been extensively validated in
humans using heterotopic stimulation (“counterirrita
tion”) [6-11] . DNIC has been shown to be abnormal in
fibromyalgia and in a pilot study in IBS using heterotopic
stimulation[12,13]. Altered somatic as well as visceral sensory
function would be expected as a consequence of central
sensitization or abnor mal endogenous modulation.
Visceral sensitization has been demonstrated in a majority
of patients with IBS, but the studies examining somatic
sensory function have yielded equivocal results[14-20].
In the current study, we investigated central sensitization
in IBS by testing endogenous pain modulatory pathways
and visceral and somatic sensory function in matched
patients and healthy controls. Our study hypotheses were,
firstly, that IBS patients demonstrate deficient endogenous
pain modulation in the for m of inadequate pain
inhibition during heterotopic stimulation and, secondly,
that IBS patients with visceral hypersensitivity are also
hypersensitive to suprathreshold somatic stimulation.
www.wjgnet.com
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MATERIALS AND METHODS
Patients
Forty female IBS patients and 20 female healthy subjects
were recr uited by advertisements and through the
Gastrointestinal Unit. Equal numbers of diarrhea and
constipation predominant IBS patients, as defined by
the Rome 2 criteria, were included and none had any
evidence of organic gastrointestinal pathology after
gastrointestinal workup, including endoscopy, stool and
blood tests, and H2-breath test for lactose intolerance[21].
IBS patients were required to have an average abdominal
pain intensity of at least 30 on the 0-100 VAS in the two
weeks before study inclusion. IBS and control subjects
between 18 and 60 years of age were recruited. Controls
had no gastrointestinal symptoms or evidence of chronic
diseases. Main exclusion criteria in all groups were bowel
resections (except appendectomy), major abdominal
operations, treatment with tricyclic antidepressants, selective
serotonin reuptake inhibitors, gastrointestinal prokinetics,
anticholinergics, antispasmodics or analgesics in the last 14 d,
and chronic pain apart from IBS-especially fibromyalgia.
Institutional Ethics Committee approval was given for the
study and all subjects gave their written informed consent
to participation. Patients were familiarized with the study
procedures on a separate day before the start of the actual
testing day. The same investigator performed all tests.
Rectal distension thresholds
On the morning of the study day subjects were asked
to attempt defecation and a warm water enema (300
mL) was administered to empty the rectum before rectal
insertion of the lubricated, flaccid and oversized 600 mL
polyethylene bag on the end of a catheter. Leakage of
the rectal bag was excluded by distension with air under
water before insertion and after removal at the end of
the study. The bag was inflated and then pulled outwards
until slight resistance was felt. The catheter was taped to
the buttocks, the bag deflated and subjects positioned in
a relaxed supine position. The catheter was attached to
a G&J Distender® barostat (Toronto, Canada) set at an
inflation rate of 27 mL/s and a safety cut-off threshold of
60 mmHg. After a resting period of 20 min the minimum
distending pressure was determined and the rectal pain
threshold titrated using an ascending methods of limits
(AML) paradigm with 5 mmHg increments of 30 s
duration followed by a decrease to baseline for 30 s until
the Pain threshold (“first feeling of pain”) was reached.
Subsequently, the following tests were performed in
randomized sequence with a break of 30 min between
tests.
Tonic rectal stimulation
Pain intensity was rated on a 100 mm anchored horizontal
VAS after constant distension at the individually
determined pain threshold pressure plus 20% for 120 s.
This suprathreshold stimulation was chosen to induce
moderate pain (visual analogue scale VAS score between
30 and 40, where 0 = no pain, 100 = unbearable pain) and
was based on data from our own pilot studies.
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Table 1 Characteristics of IBS patients and healthy controls.
Means and 95% confidence intervals are shown
IBS n = 40
Age (yr)
39 (36-42)
Height (cm)
166 (164-168)
Weight (kg)
69 (65-73)
Years with IBS
6 (3-12)
n with diarrhea-/constipation20/20
predominant IBS
Luteal phase/non-menstruating 19/13

Healthy controls n = 20
41 (37-45)
168 (163-173)
75 (67-84)
Not applicable
0/0
11/9

Somatic stimulation: cold pressor test
Pain intensity was rated by VAS after immersion of the
left foot up to the calf in a circular flow ice-water bath
maintained at 4℃ for 120 s. Care was taken to position the
foot comfortably in the water bath, with the calf padded
by cushions.
Heterotopic stimulation
The above rectal and somatic stimuli were applied
concomitantly; rectal pain was rated on the VAS after 120 s.
During all tests subjects were instructed to rate only their
rectal pain.
Rectal compliance was calculated from the slope of
the linear portion of the volume-pressure curve from each
inflation sequence.
Statistical analysis
All continuous group data were calculated as means and
95% confidence intervals. Threshold values reaching cutoff were recorded as the maximum possible value. Analysis
of variance (ANOVA) testing for group differences
in somatic and visceral pain ratings and for changes in
ratings during heterotopic stimulation was predefined,
with post-hoc testing performed by Tukey’s Test in case
of significance (Statistica 7.1, StatSoft Inc., Tulsa, USA).
For secondary analysis IBS patients were classified as
hypersensitive or non-hypersensitive based on their titrated
rectal distension pressures and their somatic and rectal
pain ratings using the 95% confidence intervals of healthy
controls as the threshold limits for hypersensitivity, as
suggested in the literature[22,23]. Correlations were assessed
using multiple regression analysis with Bonferroni
correction for multiple testing. A significance level of P <
0.05 was applied.

RESULTS
Patient characteristics are shown in Table 1. The subject
groups were well matched, with no significant differences
in demographics. All subjects completed the entire test
series. The phase in the menstrual cycle was recorded for
all subjects and there were no differences between the
subject groups in the numbers of patients in the luteal
phase or in those post-menopausal or post-hysterectomy.
Rectal pain thresholds and compliance
The mean pain pressure thresholds were 42 (38-46) mm
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Figure 1 Pain intensity
ratings (100 mm VAS) during
tonic rectal (A) and tonic
somatic (B) stimulation in
non-hypersensitive and
hypersensitive IBS patients
and in healthy controls.
Hypersensitivity is defined by
the 95% confidence interval
of healthy controls. Means
(symbol), 95% confidence
intervals (whisker) are shown.
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Hg in healthy controls and 37 (34-40) mm Hg in IBS
patients (P = 0.05). Mean rectal compliance values were
5.7 (4.6-6.9) mL/mmHg in controls and 6.9 (5.4-8.5)
mL/mmHg in IBS patients, with no significant differences
between IBS subgroups or to controls.
Rectal distension stimulation
Pain intensity VAS ratings during rectal tonic suprathreshold stimulation at pain threshold +20% pressures were
39 (23-54) in controls and 42 (24-52) in IBS patients (not
significant). Twenty-one (53%) of all 40 IBS patients, 16
of 20 (80%) diarrhea-predominant IBS and 5 of 20 (25%)
constipation-predominant IBS patients were hypersensitive
compared to controls (see Methods for definition). The
threshold for rectal hypersensitivity was 47 mmHg. Figure
1A illustrates the pain ratings in hypersensitive and nonhypersensitive IBS groups and in controls during tonic
rectal distension. There was no difference in body weight
in the hypersensitive versus non-hypersensitive groups (66
(56-76) kg and 71 (57-84) kg, respectively). Their respective
rectal compliance was 4.9 (4.5-5.9) and 6.1 (4.7-7.5) (no
significant difference).
Somatic stimulation
Pain intensity VAS ratings during somatic stimulation were
27 (12-43) in controls and 51 (39-64) in all IBS patients
(P = 0.02). Premature withdrawal from the ice water due to
strong pain occurred in 2 IBS patients and in one control.
The maximum pain intensity score of 100 was accorded in
these cases. Twenty-two of all 40 (55%) IBS patients, 14 of
the 20 (70%) diarrhea-predominant and 8 of the 20 (40%)
constipation-predominant IBS patients showed somatic

Hypersensitive
IBS n = 14

Controls
n = 20

Figure 2 Change in rectal
pain intensity scored on a
VAS 0-100 during heterotopic
stimulation in IBS subgroups
and controls. Means
(symbol), 95% confidence
intervals (whisker) are shown
in patients hypersensitive
or not to tonic rectal (A)
and both tonic rectal and
somatic (B) stimulation.
Hypersensitivity is defined by
the 95% confidence interval
of healthy controls.

hypersensitivity. The threshold for somatic hypersensitivity
was 43 on the pain VAS.
Overlap somatic and visceral hypersensitivity
Fourteen of the 22 patients hypersensitive to the somatic
stimulus were also viscerally hypersensitive. Somatic pain
scores were 68 (53-83) in IBS patients hypersensitive to
rectal stimulation and 32 (21-43) in IBS patients without
rectal hypersensitivity (P < 0.001 versus controls and nonhypersensitive IBS) (Figure 1B). Visceral and somatic
hypersensitivity correlated significantly in IBS patients (r =
0.82, P < 0.000001).
Heterotopic stimulation
When somatic stimulation was applied during rectal
stimulation, mean group rectal pain scores decreased by 6
(-11 to -1) (mean change -16% from baseline) in healthy
controls, increased by 2 (-3 to +6) (mean change +2%) in
all IBS patients (P < 0.05 vs controls) and increased by 8
(-2 to +19) (mean change +12%) in IBS patients with
both somatic and visceral hypersensitivity (P = 0.006 vs
controls) (Figure 2). There was no significant correlation
between somatic pain levels and the change in rectal pain
scores during heterotopic stimulation. During heterotopic
stimulation rectal pain changed by +2 (-4 to 9) in diarrheapredominant IBS and by +1 (-6 to 7) in constipationpredominant IBS (not significant).

DISCUSSION
A majority of IBS patients, mainly from the IBS-D
www.wjgnet.com
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subgroup, demonstrated either visceral or somatic
hypersensitivity, with substantial but incomplete overlap of
hypersensitivity to visceral and somatic stimuli. The visceral
and somatic hypersensitivity states correlated significantly.
While rectal hypersensitivity has previously been shown in
a majority of IBS patients using various study endpoints,
the few studies relating to somatic sensory dysfunction
in IBS have yielded controversial results showing
14,16-20,22,������
24-���
28]
either somatic hypo- or hypersensitivity [������������������
.
This discrepancy is probably best explained by the choice
of different stimulation intensities, i.e suprathreshold
versus threshold and painful versus non-painful, and
to a lesser degree also by the selection of stimulation
techniques, such as thermal versus pressure or electrical.
In the current study we used painful, suprathreshold, tonic
stimulation over a larger skin surface area as high-intensity
and tonic stimulation have demonstrated sensitization
consistently[29-34].
Central sensitization is a possible mechanism underlying the somatic and visceral hypersensitivity. In the
current study endogenous pain modulation, one of the
major mechanisms contributing to central sensitization,
was shown to function as expected in healthy controls,
but malfunctioned in a majority of patients with IBS.
Previously, heterotopic somatic stimulation has not only
been shown to reduce somatic pain intensity in healthy
controls, but also discomfort or pain thresholds to gastric,
duodenal and rectal distension[35,36]. Little previous data
exist on endogenous pain modulation in IBS. Coffin
et al demonstrated hyperexcitability of spinal sensory
modulation in IBS using a somatic nociceptive flexion
reflex (R-Ⅲ reflex) and concomitant rectal distension[35].
Wilder-Smith et al. in two previous studies showed
abnormal endogenous pain modulation and central pain
processing by functional brain MRI in IBS [13,37] . The
current study extends this data by determining somatic as
well as visceral sensory function in a larger and balanced
group of IBS patients and correlating generalized sensory
hypersensitivity with dysfunctional endogenous pain
modulation. Hypersensitive IBS patients had evidence of
endogenous pain facilitation rather than inhibition during
heterotopic stimulation. Dysfunctional endogenous pain
modulation is likely to reflect an imbalance between pain
facilitatory and inhibitory systems and has been found
in fibromyalgia and interstitial cystitis, both of which are
associated with IBS[4,15,36,38,39].
The design of the current study with heterotopic
stimulation only at a lower body site does not allow
the distinction between localized, lumbosacral somatic
hypersensitivity possibly involving convergence, and
widespread sensitization. However, a recent study by
Rodrigues et al clearly demonstrated uniform somatic
hypersensitivity from the face to the calf in IBS, rendering
localized hypersensitivity in IBS unlikely[17].
Throughout this study hypersensitivity and abnormal
endogenous pain modulation were more common in
diarrhea-predominant than in constipation-predominant
IBS patients, although the mean g roup changes in
rectal pain during heterotopic stimulation were similar.
Differences between IBS subgroups in sensory function
and in fMRI brain activity during visceral pain have been
www.wjgnet.com
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observed in earlier studies[13,40]. This study was not powered
for subgroup comparison, but this comparison deserves
further investigation in larger patient groups.
Dysfunctional pain modulation is an attractive
mechanistic hypothesis within the biopsychophysical
model of functional bowel disease, as endogenous pain
modulation acts as a central filter for extraction and
amplification of noxious input, providing a possible
unifying concept for both the “top-down” psychological
and the “bottom-up” peripheral insult etiological
postulates [1,41-46]. Endogenous pain modulation plays a
central role in the neuromatrix integrating cognitive,
emotional, autonomic and effector responses to pain[17].
Interestingly, the activity of the pain modulatory pathways
differs between men and women, possibly explaining some
of the gender differences in the incidence of IBS[12,36,38].
Nonetheless, it should be pointed out approximately one
quarter of IBS patients did not have evidence of any
hypersensitivity with the tests applied. It would therefore
at present be inappropriate to label the described sensory
dysfunction as a disease marker. However, further
refinement of technique and improved exclusion of other
differential diagnoses may lead to better discrimination.
Attentional effects represent a potential confounding
and overlapping factor in the study of descending pain
modulation pathways, as cognition feeds into the same
neural pathways. A recent fMRI study clearly demonstrated
distinct effects due to attention and DNIC on pain
pathways, with minor functional anatomical overlap [37].
Potential weaknesses of this study are, firstly, the absence
of psychological and emotional correlational data in
our subjects. These factors are known to influence pain
perception, but are likely to exert much of their influence
via the studied endogenous pain modulatory mechanisms.
Secondly, the intensity of the somatic, heterotopic stimulus
was not individually titrated, hence introducing a potential
stimulation bias as IBS patients rated this stimulus as more
intense than controls.. There was, however, no significant
correlation between somatic stimulation intensity and the
change in rectal pain scores during heterotopic stimulation.
Additionally, recent data has confirmed that endogenous
modulation effects do not depend on the intensity of the
conditioning stimulus[47,48].
In conclusion, a majority of IBS patients demonstrated
evidence for central sensitization, with visceral and somatic
hypersensitivity associated with abnormal function of
endogenous pain modulation and pain facilitation.

COMMENTS
Background

IBS is a very common syndrome characterized by abdominal discomfort or pain
accompanied by changes in gastrointestinal motility. Peripheral and central
nervous system sensitization have been proposed as an underlying mechanism
in IBS. Previous brain imaging studies have demonstrated differences in the
central processing of visceral nociceptive input between patients with IBS and
healthy controls, mainly in the centers dealing with secondary pain processing
and the assigning of affective content. Input regarding pain to the brain is subject
to extensive endogenous modulation by brainstem and cortical pathways. Altered
somatic as well as visceral sensory function would be expected as a consequence
of central sensitization or abnormal endogenous modulation. We have previously
shown abnormal endogenous modulation of visceral pain in IBS, but there is no
data on modulation of somatic pain or sensory input.
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Research frontiers

Brain imaging and new sensory testing techniques are enabling the redefining and
detailed examination of brain function and pain processing in health and disease.

16

Innovations and breakthroughs

The above techniques are demonstrating abnormal processing of sensory and
pain information in the brain in somatic and visceral pain disorders and are
revealing an intricate functional integration of cognitive, emotional, homeostatic,
motor and sensory brain centres. Understanding dysregulation in this neuromatrix,
with a central role for endogenous modulation, is providing us with a new, holistic
understanding of hitherto difficult to understand diseases, such as so-called
‘functional’ syndromes.

Applications

This and previous related publications demonstrate malfunction in one of the
brain’s central regulatory mechanisms, endogenous pain modulation, in IBS.
Because of the manifold connections between many major brain centres and this
modulatory network, potential exist for manipulation via several avenues, including
psychological, pharmaceutical as well as physical therapy. These research data
can and will be applied to other related chronic pain syndromes.

Peer review

This is a study of 20 healthy female controls, 20 IBS-D, and 20 IBS-C women to
try to further examine rectal hypersensitivity and somatic hypersensativity using a
cold pressor test of the foot. It’s an excellent work, very timely and interesting.
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the mucin content of the gastric tissues. Compared to
the ulcerated untreated rats, those treated with APC
and misoprostol showed near normal MDA levels, while
the protein levels were 86% and 78% of the normal
value respectively (P < 0.05). Likewise, both APC and
misoprostol increased the SOD, catalase, and mucin
levels significantly (P < 0.05), the effect of APC being
better.
CONCLUSION: APC can protect indomethacin-induced
gastric ulceration due to its antioxidative and mucin
protecting properties.
© 2007 WJG . All rights reserved.

Abstract
AIM: To evaluate the protective activity of allylpyrocatechol
(APC), the major antioxidant constituent of Piper betel ,
against the indomethacin-induced stomach ulceration in the
rat model and correlates with its antioxidative and mucin
protecting properties.
METHODS: Male Sprague-Dawley rats were divided
into five groups. Normal control rats (group Ⅰ) were
given the vehicle oral dose of gum acacia in distilled
water (1 mL per rat); ulcerated control and treated rats
(groups Ⅱ-Ⅴ) were given a single dose of indomethacin
(30 mg/kg body wt.); group Ⅱ rats were sacrificed 4
h after indomethacin administration; groups Ⅲ-Ⅴ rats
were given the vehicle (1 mL per rat) or APC (2 mg/kg
body wt.) or misoprostol (1.43 µg/kg body wt.) once
daily by oral intubation for 7 d starting from 4 h after
the indomethacin administration. After 7 d, the stomach
tissues were excised for histological examination and
biochemical analysis.
RESULTS: Treatment with APC (2 mg/kg body wt per
day) and misoprostol (1.43 µg/kg body wt per day)
for 7 d could effectively heal the stomach ulceration
as revealed from the ulcer index and histopathological
studies. Compared to the zero day ulcerated group,
treatment with APC and misoprostol reduced the ulcer
index by 93.4% and 85.4% respectively (P < 0.05). Both
APC and misoprostol accelerated ulcer healing observed
in natural recovery (P < 0.05), their respective healing
capacities not being significantly different. The healing
capacities of APC and misoprostol could be attributed to
their antioxidant activity as well as the ability to enhance

Key words: Allylpyrocatechol; Antioxidant; Histopathology;
Indomethacin; Mucin; Piper betel ; Stomach ulcer
Bhattacharya S, Banerjee D, Bauri AK, Chattopadhyay S,
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phenol, allylpyrocatechol against indomethacin-induced
stomach ulceration and mechanism of action. World J
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INTRODUCTION
Gastrointestinal toxicity associated with nonsteroidal antiinflammatory drugs (NSAIDs) is an important medical
problem despite recent phar maceutical advances [1] .
Besides being used as pain-killers, the NSAIDs are being
increasingly used for prevention of malignancies, stroke,
pre-eclampsia, Alzheimer’s disease, and many other
illnesses[2-4]. The percentage of gastric ulcer cases induced
by NSAIDs is emerging day by day, accounting for
approximately 25% of gastric ulcers[5]. In addition, various
factors such as stress, hunger, H pylori invasion etc are also
known to cause gastric ulcer. Consequently, prevention
of gastrointestinal disorder continues to be of concern
for both medical professionals and researchers. Various
synthetic anti-ulcer drugs are presently available, and some
of these like misoprostol are specifically used to prevent or
treat the NSAID induced gastric ulcer. However, each of
these drugs confers simpler to severe side effects such as
diarrhea, itching, skin rash, dizziness, and inactivation of
www.wjgnet.com
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some antifungal drugs (proton pump inhibitors), confusion
in elderly patients, headache and antiandrogenic effect (H-2
receptor blockers), constipation, vomiting, indigestion,
back pain, and dizziness (sucralfate), bleeding diathesis and
abortion for pregnant women (misoprostol)[6]. Thus, there
is a growing interest on non-toxic, antiulcer formulations
from medicinal plants, and many taxa of medicinal plants
have been assessed worldwide for their antiulcerogenic
effects[7,8]. In the developing nations, this turn of events
has also been prompted, in part, by the high cost of the
modern antiulcer medication.
The Piper betel plant is found widely growing in the
tropical humid climate of South East Asia, and its leaves,
with a strong pungent and aromatic flavor, are widely
consumed as a mouth freshener. The Indian traditional
system of medicine has identified the P. betel leaves with
digestive and pancreatic lipase stimulant activities [9,10].
Earlier, we also reported gastrocytoprotective properties
of the leaf extract on experimentally induced gastric
lesions[11].
The major problem with the herbal drugs is the lack
of their quality control and improper authentication.
Identifying the major active principle(s), and ensuring their
presence in optimum quantity in the herbal preparations
can minimize problems associated with their questionable
quality. Very recently we have found that the extraordinary
antioxidant activity of the P. betel leaf extract is due to
its major phenolic constituent, allylpyrocatechol (APC,
Figure 1) [12] . Consequently, the aim of the present
study was to evaluate the healing effect of APC on
indomethacin-induced acute gastric ulceration of rats and
compare the activity with that of the drug, misoprostol.

MATERIALS AND METHODS
Chemicals and reagents
The P. betel leaves were collected from the local market
and identified (collection no. 2610) by taxonomy by the
Botanical Survey of India, Indian Botanical Garden,
West Bengal. 2-Thiobarbituric acid (TBA), Tris, ethylen
ediaminetetraacetic acid (EDTA), acetic acid, methanol
and ethanol were procured from E Merck (India), while
trichloroacetic acid (TCA) was from Thomas Baker, India.
Alcian blue, indomethacin, dimethylaminobenzaldehyde,
epinephrine, Cu (Ⅱ) sulphate, bovine serum albumin (BSA),
hematoxylin, alum, mercuric oxide, eosin, Schiff ’s reagent
and periodic acid were procured from Sigma Chemicals,
St. Louis, MO (USA). Other reagents used were H2O2 (35%,
Lancaster, England), and perchloric acid, 2,4-dinitrophenyl
hydrazine (DNPH), K2HPO4, KH2PO4, KOH and HCl
(all from SRL, India). Stock solutions of EDTA and H2O2
were prepared in triply distilled deaerated water just prior
to use. Stock solutions (1% w/v) of TBA were prepared in
50 mmol/L NaOH solution and used within a week.
Isolation of APC from P. betel
APC was isolated from P. betel ethanol extract as in
the reported procedure [12]. The air-dried leaves of the
P. betel (250 g) were chopped into fine pieces, soaked
in 95% ethanol (1 L) for two days and the supernatant
www.wjgnet.com
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Figure 1 Chemical structure of allylpyrocatechol.

OH
OH

decanted. The entire process was repeated three times,
the combined extracts were filtered through a nylon
mesh, and evaporated in vaccuo. The extract (8.0 g) was
dissolved in methanol (50 mL), treated with activated
charcoal (0.2 g), and the mixture warmed at -60℃. After
filtration, the extract was concentrated under vacuum, and
finally lyophilized to obtain a chlorophyll-free amorphous
yellowish brown solid (yield: 1.23% w/w) that was stored
in a vacuum dessicator.
T h e e x t r a c t ( 4 . 7 g ) wa s s u b j e c t e d t o c o l u m n
chromatography over silica gel using gradient elution.
The column was eluted with 0, 2%, 5% and 10% ethyl
acetate/hexane followed by 0, 5%, 10%, 15%, 50% and
100% methanol/chloroform (500 mL each), and 50 mL
fractions were collected. The fraction eluting with 10%
ethyl acetate/hexane furnished APC (yield: 0.9% w/w of
the extract) as a light yellow oil, which was characterized
using IR and 1H NMR spectroscopic data. The chemical
structure of APC is shown in Figure 1.
3,4-Dihydroxyallylbenzene (Allylpyrocatechol, APC):
1
H NMR (CDCl3): δ 3.28 (d, J = 6.5 Hz, 2H, ArCH2),
4.99-5.08 (m, 2H, olefin), 5.36 (broad, 2H, 2 × Ar-OH),
5.80-6.01 (m, 1H, olefin), 6.59-6.79 (m, 3H, ArH).
Preparation of the drug
A specific dry weight of APC or misoprostol was macerated
with a mortar and pestle in double distilled water containing
gum acacia 2% (w/w) to provide the drugs, which were
administered po.
Animals
The rats were bred at Dr. B. C. Roy Post Graduate Institute
of Basic Medical Sciences, Kolkata, India and BARC
Laboratory Animal House Facility, Mumbai, India. These
were procured after obtaining clearance from the respective
Animal Ethics Committee of the two centers and were
handled following international Animal Ethics Committee
guidelines. Male Sprague-Dawley rats (weighing 180-200 g)
were reared on a standard laboratory diet (Ralston Purina,
Chicago, Illinois, USA) and given tap water. They were
kept in a room where temperature (20 ± 2℃), humidity
(65%-70%), and day/night cycle (12/12 h) were controlled.
Experimental protocol for indomethacin-induced ulceration
and healing
Ulceration in the rats was induced with a single dose
of indomethacin (30 mg/kg body wt., oral intubation)
dissolved in distilled water. The rats were deprived of
food but had free access to tap water 24 h before ulcer
induction.
For the standardization of drug dose, APC (0.5, 1, 2,
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5, and 10 mg/kg body wt.) was given once daily by oral
intubation for 7 d starting from 4 h after the indomethacin
administration. Five rats were taken for each dose and
each experiment was repeated three times. The extent of
healing was assessed from the macroscopic damage scores.
The effect of the treatment with APC (2 mg/kg body wt.)
for 10 d was also studied.
Based on the results of dose optimization, the
histopathological, and biochemical parameters were
assessed in separate experiments. For this, a total of 25
rats were randomly divided into 5 groups in each set of
experiment, which was replicated three times. GroupⅠ
rats serving as the normal control received only the vehicle
oral dose of gum acacia in distilled water (1 mL per rat).
Ulceration was induced in the groups Ⅱ-Ⅴ rats. Group
Ⅱ rats serving as the experimental control received only
indomethacin and were sacrificed 4 h after indomethacin
administration. Group Ⅲ-Ⅴ rats were given the vehicle
(1 mL per rat) or APC (2 mg/kg body wt.) or misoprostol
(1.43 µg/kg body wt.) once daily by oral intubation for 7 d
starting from 4 h after the indomethacin administration.
After 7 d, the rats of groupⅠand groups Ⅲ-Ⅴ were
sacrificed under ether anesthesia, followed by cutting off
the aorta abdominalis.
Macroscopic and histopathological studies
The stomach from the normal and treated groups were
removed rapidly, opened along the greater curvature, and
thoroughly rinsed with normal saline. After recording the
ulcers produced in the stomach, a longitudinal section
of the gastric tissue was taken from the anterior part of
the stomach and fixed in a 10% formalin solution. After
24 h of fixation followed by embedding in a paraffin
block, it was cut into sections of 5 micron onto a glass
slide and stained with hematoxylin-eosin for histological
assessment of the gastric mucosa. For biochemical studies,
the stomach was opened along the greater curvature, and
the gastric antral portion was used. The wet weight of the
portion was also recorded.
Quantification of ulceration
Area of glandular portion comprising of the fundic and
corpus region of each stomach was measured in square
millimeters. The total eroded gastric mucosal areas (lesions)
were also measured (mm2) with a dissecting microscope
under × 20 magnification. The percentages of the whole
glandular area contributing to the damaged part are
referred to as the ulcer indices according to a reported
procedure[13]. The ulcer indices for the cold stress rats were
also calculated in the same manner.
Preparation of tissue homogenate
The stomach tissue was homogenized in a 50 mmol/L
phosphate saline buffer (PBS) pH 7.2 under cold
condition, using a glass-teflon homogenizing tube. The
homogenate was centrifuged at 2500 r/min for 10 min and
the supernatant was carefully removed from the pellet and
used for biochemical analyses.
Quantification of lipid, protein and DNA damages
The lipid peroxidation products were estimated[14] in terms
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of malondialdehyde (MDA) formation. The amounts
of protein carbonyls and DNA contents were estimated
following reported methods[15,16].
Assessment of enzymatic activities
The specific activity of catalase (CAT) in the tissue was
estimated according to a reported method[17]. The tissue
homogenate (20 μ L) was added to a H 2O 2-phosphate
buffer mixture (3 mL), maintaining the optical density at
240 nm to 0.500 ± 0.010 (d = 1 cm) against buffer. The
rate of change of optical density at 240 nm with time was
recorded for the calculation of the catalase activity.
Following a reported method[18], the tissue superoxide
dismutase (SOD) activity was measured. This involves
assaying the SOD-mediated inhibition of epinephrine
autooxidation at an alkaline medium. For this, the
absorbances of the samples at 480 nm were noted at an
interval of 30 s. The enzyme activity was measured in
arbitrary units, considering 50% inhibition as 1 unit of
enzyme activity.
Mucin assay
Following a reported method [19], the free mucin in the
gastric tissues was estimated. Briefly, the gastric tissues
were incubated with a 1% buffered solution of Ab in 3%
aqueous acetic acid (0.5 mL) at 37℃ for 30 min. After
centrifuging, the concentration of Ab in the solution was
measured from the absorbance at 615 nm.
Hexosamine assay
The hexosamine concentrations in gastric tissues were
assayed according to a reported method[20] with a minor
modification. The gastric tissues were hydrolyzed in
acidic medium, the hydrolysate neutralized with 3 mol/L
NaOH (litmus) and diluted to 10 mL with double
distilled water. Acetyl acetone solution (1 mL, prepared
by dissolving 1 mL of acetyl acetone in 50 mL 0.5 mol/L
sodium carbonate) was added to the above solution
(1 mL), which was mixed well, and heated on a boiling
water bath for 15 min avoiding evaporation. After cooling,
ethanol (5 mL, 95%) was added to the mixture followed
by Ehrlich’s reagent (1 mL, prepared by dissolving 0.8 g
para-dimethylaminobenzaldehyde in 30 mL methanol and
30 mL conc. HCl). The mixture was diluted to 10 mL
with 95% ethanol, allowed to stand for 30 min, and its
absorbance at 530 nm was read.
Statistical analyses
All the results were expressed as mean ± SE. Student’s
paired t-test for comparison between groups and one way
analysis of variance (ANOVA) for multi-sample groups
at P < 0.05 were used to assess statistical significance in
various groups of animals.

RESULTS
Effect of APC on healing indomethacin-induced gastric
ulceration in rats
Oral administration of APC at different doses accelerated
t h e r a t e o f h e a l i n g o f g a s t r i c l e s i o n i n d uced by
indomethacin. As shown in Table 1, for a 7-d treatment,
www.wjgnet.com

3708

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 1 Comparative healing capacity of different doses of
1
APC against indomethacin-induced ulceration in rats
Samples
Unulcerated control
Ulcerated control (4 h)2
APC treated
APC treated
APC treated
APC treated
APC treated
APC treated

Treatment
Dose (mg/kg body wt.)
0.5
1
2
5
10
2

Ulcer index

1

0±0
26.71 ± 1.62
20.22 ± 1.17
11.21 ± 0.91
1.78 ± 0.34
1.67 ± 0.28
1.83 ± 0.51
1.65 ± 0.31

1

Stomach ulceration in rats was induced by oral administration of
indomethacin (30 mg/kg body wt.). The ulcer indices values are mean
± SE (n = 15). 2The ulcer indices were measured 4 h after indomethacin
administration. For other samples the measurement was carried out after 7 d.

increasing the dose of APC from 1 to 2 mg/kg body wt.
led to a significantly improved ulcer healing. Increasing
the doses of APC further did not provide any additional
benefit. Even when the treatment with APC (2 mg/kg
body wt.) was continued for 10 d, the extent of ulcer
healing remained almost the same. Thus, administration
of APC at a dose of 2 mg/kg body wt. for 7 d after ulcer
induction was found to be optimal for effective ulcer
healing. Hence all subsequent experiments were carried out
with the same protocol. The dose of the positive control,
misoprostol (1.43 µg/kg body wt.) was decided based on
its recommended therapeutic dose for humans. Earlier
misoprostol has been used at significantly higher doses
with the rat models[21]. However, our studies were primarily
aimed at developing anti-ulcer drugs for humans. For this
it was essential to compare the ulcer-healing efficacy of
APC with that of the established drug, misoprostol at the
dose recommended for humans.
Treatment of rats with indomethacin (30 mg/kg body
wt.) by oral intubation produced typical time-dependent
acute lesions in the gastric mucosa, while the rats receiving
vehicle only showed no visible mucosal lesions. Compared
to the zero day ulcerated group (group Ⅱ) for which an
ulcer index was taken as 100%, treatment with APC and
misoprostol reduced the ulcer index by 93.4% and 85.4%
respectively. The ulcer healing data of the treated groups
(APC and misoprostol) were significantly different from
those of both 0 and 7 d untreated experimental control
rats (groups Ⅱ and Ⅲ) (P < 0.05). However, the difference
in healing between the two treated groups (groups Ⅳ and
Ⅴ) was insignificant (Table 2).
The visible morphological features of the ulcerated
rat stomachs of the treated and untreated groups were
compared to those with normal rats. This revealed that
the zero-day ulcerated stomach had a number of blood
clots in the ulcer spots and perforations. The stomach of
the untreated experimental control rats (group Ⅲ) showed
lesser spots, but the tissues were hyaline in nature. The
result with misoprostol treatment was marginally better
than that of the group Ⅲ rats. In comparison, stomachs
of the APC treated rats (groups Ⅳ) were healthy, and
equivalent to those of the normal control rats (group Ⅰ).

www.wjgnet.com

Volume 13

Number 27

Table 2 Comparative healing capacity of APC and misoprostol
1
on ulcerated rats
Samples
Unulcerated control
Ulcerated control (4 h)3
Ulcerated untreated control
Ulcerated APC treated
Ulcerated misoprostol treated

d
7
7
7
7
7
10

July 21, 2007

Ulcer index
0±0
26.71 ± 1.62
17.64 ± 1.24
1.78 ± 0.34
3.91 ± 0.30

1

Protection(%)
0
36.08 ± 1.38
93.26 ± 6.77
85.40 ± 3.51

2

1

Stomach ulceration in rats was induced by oral administration of
indomethacin (30 mg/kg body wt.). APC (2 mg/kg body wt.) and
misoprostol (1.43 μg/kg body wt.) were used for these experiments. The
ulcer indices values are mean ± SE (n = 15). 2Considering an ulcer index of
100 for the ulcerated, untreated rats. 3The ulcer indices were measured 4 h
after indomethacin administration. For other samples the measurement was
carried out after 7 d.

Histopathological investigation of the healing capacity of
APC
The photomicrog raphs of rat stomachs belonging
to groups Ⅰ-Ⅴ shown in Figure 2A-E gives a better
comparison of the gastric lesion and its healing. Significant
acute ulceration in rats was developed within 4 h of
indomethacin (30 mg/kg body weight) administration as
revealed from Figure 2A (normal rats) and Figure 2B (rats
after 4 h of indomethacin administration). Indomethacin
intake induced severe and extensive macroscopic gastric
mucosal damage in the irrigated starved rats, characterized
by injury in the epithelial layer of the mucosa. The lamina
propria also were greatly damaged along with elongated
hemorrhagic lesions confined mainly to the gastric corpus
and running parallel to the long axis of the stomach that
had the highest ulcer scoring rate. The disruption in the
gastric mucosa was partially restored after 7 d even without
any treatment, revealing autohealing. These observations
matched well with the ulcer index parameter. Histology
of the rat stomach of the untreated ulcerated group
showed some damage in the mucosal layer with moderate
infiltration in the mucous membrane (Figure 2C).
However, the gastric mucosal tissues of the APC treated
group (Figure 2D) showed almost normal and continuous
mucosal layer and formation of the epithelial layer. The
efficacy of APC was better than that of misoprostol as
revealed from the Figures 2D and E.
Effect of APC on lipid peroxidation and DNA and protein
contents in gastric tissues of ulcerated rats
The effects of indomethacin intake alone, and following
administration of APC on the extent of lipid peroxidation
(measured in terms of MDA), protein oxidation (measured
in terms of total proteins and protein carbonyls), and DNA
damage in the gastric tissues of rats are shown in Table 3.
Indomethacin administration markedly stimulated lipid
peroxidation in gastric tissues, and the MDA content was
elevated by about 14 times compared to the normal rats.
This was reduced by 11% after 7 d due to autohealing for
the untreated control rats (group Ⅲ), although the MDA
content remained significantly high (13 times) compared
to that in the normal rats. Administration of APC for 7 d
significantly reduced the MDA level (2.02 nmol/mg prot.)
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Figure 2 Histological assessment of acute gastric mucosal injury induced by indomethacin in rats and its prevention by APC (2 mg/kg body wt.) and misoprostol (1.43 µg/
kg body wt.). Section of rat stomachs obtained from A: normal control rats; B: ulcerated untreated control rats 4 h after indomethacin administration; C: ulcerated untreated
control rats 7 d after indomethacin administration; D: ulcerated rats treated with APC for 7 d; E: ulcerated rats treated with misoprostol for 7 d.

Table 3 The effect of APC and misoprostol on lipid, protein, DNA, SOD and CAT levels of ulcerated gastric tissue of rats
Parameters
MDA (nmol/mg protein)
Proteins (mg/mL)
CO (mg/mg protein)
DNA (mg/g tissue)
SOD (U/min/mg protein)
CAT (U/min/mg protein)

Group Ⅰ
1.89 ± 0.01
16.52 ± 6.05
5.26 ± 1.34
1.82 ± 0.22
22.2 ± 2.34
21.2 ± 1.12

2

Group Ⅱ
27.04 ± 0.84
9.03 ± 1.28
17.29 ± 1.83
0.81 ± 0.06
5.76 ± 2.32
9.02 ± 2.54

Group Ⅲ
24.28 ± 1.12
12.55 ± 1.18
9.46 ± 2.15
1.12 ± 0.21
11.58 ± 1.32
14.20 ± 2.84

Group Ⅳ
2.02 ± 0.03
14.21 ± 1.8
6.03 ± 1.51
3.56 ± 0.05
21.14 ± 1.24
19.04 ± 2.15

1

Group Ⅴ
2.62 ± 0.02
12.89 ± 0.87
6.54 ± 1.12
1.68 ± 0.23
16.71 ± 2.57
15.84 ± 2.09

1

Stomach ulceration in rats was induced by oral administration of indomethacin (30 mg/kg body wt.). APC (2 mg/kg body wt.) and misoprostol (1.43 μg/kg
body wt.) were used for these experiments. The values are mean ± SE (n = 15). 2The assays were carried out 4 h after indomethacin administration. For other
samples these were carried out after 7 d.

in gastric tissues almost to that of the normal rats (1.89
nmol/mg prot.). The effect of misoprostol was marginally
less (MDA level 2.62 nmol/mg prot.) to that of APC. The
data for the APC and misoprostol treatment are significant
compared to that of the indomethacin induced untreated
ulcerated control rats of groups Ⅱ and Ⅲ (P < 0.05).
Compared to the protein contents in the normal
animals, the ulcerated group showed poor protein content
(54% reduction), which improved for the untreated
group on the 7 d and became 76% of the normal value.
Treatment with APC and misoprostol increased the
protein levels respectively to 86% and 78% of the normal
value. The increase of the protein contents by the APC
was significantly different (P < 0.05) compared to both
ulcerated and untreated ulcerated controls (groups Ⅱ
and Ⅲ). However, the data of misoprostol treatment
group (group Ⅴ) was not significantly different from that
due to autohealing (group Ⅲ).
The oxidative damage to tissue proteins was also

evaluated by assessing the contents of protein carbonyls.
T he amount of protein carbonyls that increased
significantly (329% compared to normal rats) due to
indomethacin administration, was reduced by 45.3%
due to autohealing. APC treatment restored the level of
protein carbonyls to normalcy (6.03 µg/mg vs 5.26 µg/mg
protein in normal rats), while the effect of misoprostol
was less (6.54 µg/mg protein). The reduction of protein
carbonyls by APC was significant (P < 0.05) as compared
to untreated ulcerated controls (group Ⅲ).
The tissue DNA concentration was significantly
(56%) reduced by indomethacin administration. During
autohealing, the DNA level increased to 61.5% of the
normal value. Surprisingly the APC treatment increased the
DNA level by 196% compared to the normal rats, while
treatment with misoprostol restored the level of DNA to
normalcy (1.68 mg/g tissue for treated vs 1.82 mg/g tissue
for normal rats). The augmentation of DNA by APC was
significant (P < 0.05) compared to the ulcerated control
(group Ⅱ) as well as the misoprostol group.
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Effect of APC on the SOD and CAT levels in gastric tissues
of ulcerated rats
The effect of indomethacin intake alone, and following
administration of APC on the tissue levels of SOD and
CAT in gastric tissues of rats are also presented in Table 3.
Following indomethacin administration, the levels of these
enzymes in gastric tissue were also depleted. The SOD
activity decreased by 74%, while that of CAT was reduced
by about 57% compared to those in normal control rats.
Treatment with APC increased the SOD activity (P < 0.05)
to near normalcy (21.1 U/min vs 22.2 U/min per mg
protein in normal rats), while the CAT level showed
90% recovery (P < 0.05). The effect of misoprostol was
significantly less than that of APC (P < 0.05) restoring
the SOD and CAT levels to 75% and 74% of the normal
values. In comparison, the autohealing restored the SOD
and CAT levels to 52% and 67% of the normal values
only. The data for the APC-treated rats were significantly
different (P < 0.05) from those of the untreated 0 and 7 d
groups.
Effect of APC on hexosamine and mucin contents of
ulcerated gastric mucosa
Alcian blue assay: Indomethacin administration to rats
significantly decreased the secretion of mucin (43.5%,
P < 0.05) and mucosal glycoproteins (76.4% decrease,
P < 0.05) in the ulcerated rats of group Ⅱ compared
to those in unulcerated rats (group I). Treatment with
APC enhanced the tissue mucin level to that in normal
unulcerated rats, while the mucosal glycoprotein content
was also increased to 65.4% of the normal value. The
augmentation of mucin level by APC was significant
(P < 0.05) as compared to ulcerated controls (group Ⅱ).
Misoprostol also increased the mucin secretion and
mucosal glycoproteins in the ulcerated rats to 94.2% and
89.9% of the respective normal values. The results are
summarized in Table 4.
PAS staining: The photomicrographs of groups Ⅰ-Ⅴ
rat stomachs after PAS staining are shown in Figure 3A-E.
The indomethacin-induced stomach ulceration led to a
drastic reduction in the mucin content that was partially
restored due to autohealing. However, treatment with
APC improved the mucin content in the stomach tissues
(Figure 3D) further, bringing to a normal level (Figure 3A)
along with considerable restoration of stomach morphology and epithelium lining. In comparison, the effect of
misoprostol was not significantly different from that due
to autohealing.

DISCUSSION
Oxygen free radicals are known to play a role in the
induction and pathogenesis of gastroduodenal injury[22].
Extensive research has proven that antioxidants might be
effective not only in protecting against gastric mucosal
injury, but also inhibiting progression of a gastric ulcer.
Ulcer progression is caused by free radical-induced chain
processes. Consequently, its arrest by radical scavengers
helps in faster healing. Indomethacin is known to induce
the reactive oxygen metabolites in animal models, which
www.wjgnet.com
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Table 4 The effect of APC and misoprostol on mucin and
1
hexacosamine levels of ulcerated rats
2

Samples
Hexosamine (mg/mg protein) Mucin
Unulcerated control
61.27 ± 2.28
4.62 ± 2.24
Ulcerated control3
14.48 ± 1.62
2.60 ± 4.14
Ulcerated APC treated
40.05 ± 3.78
4.53 ± 1.38
Ulcerated misoprostol treated
55.10 ± 1.21
4.35 ± 0.68
1

Stomach ulceration in rats was induced by oral administration of
indomethacin (30 mg/kg body wt.). APC (2 mg/kg body wt.) and
misoprostol (1.43 μg/kg body wt.) were used for these experiments. The
values are mean ± SE (n = 15). 2Ab binding proteins. 3The measurement was
carried out 4 h after indomethacin administration. For other samples the
measurement was done after 7 d.

may contribute to mucosal injury[23]. The cytoprotective
role of antioxidants in the prevention and healing of
gastric lesions has been widely investigated in a number of
studies[24,25].
The notion that APC has shown a powerful antioxidant
potential in various in vitro models [26] warranted our
attention to address its possible protective effects against
indomethacin-induced gastric lesions in rats. Earlier, the
cytoprotective and healing properties of P. betel crude
extract against indomethacin as the gastric mucosal irritant
was established by us[11]. The aim of the present study
was, therefore, to study the healing effect of its principal
antioxidant constituent, APC on indomethacin-induced
acute stomach ulceration of rats.
Administration of indomethacin to rats induced
marked damage to the gastric mucosa as evident by
macroscopic and histopathological examinations. This
led to elongated hemorrhagic lesions, confined to the
glandular portion, with the highest subjective ulcer-scoring
rate.
In the ulcerated control animals that were given the
vehicle only during the seven-day period of treatment,
the ulcer craters also receded through the process of
autohealing, reducing the ulcer index by 36.2% for the
group Ⅲ rats even without any drug treatment. The
present study demonstrated that APC had a potent healing
effect on indomethacin-induced gastric lesions in rats. The
rate of healing in the APC-treated animals was significantly
faster than that found in the case of autohealing. The
histopathological observations revealed that the ulceration
was acute explaining the autohealing observed in the
untreated control rats.
Tissue damage is always associated with the loss/
reduction of DNA content and loss or impairment of
protein synthesis [27] due to excess generation of free
radicals. These free radicals also damage the cellular
antioxidant enzymes such as CAT, SOD and others, acting
as the first line of cellular defense against oxidative injury.
This might lead to aggravated tissue damage during stomach
ulceration[28]. Our results revealed that the indomethacininduced stomach ulceration was accompanied with a
severe oxidative stress in gastric tissue causing damages
to key biomolecules such as lipids, proteins and DNA.
This was apparent from the stimulated lipid and protein
oxidation leading to increased accumulation of MDA and
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Figure 3 Depletion of mucin level in rat stomachs due to indomethacin-induced acute gastric ulceration and its prevention by APC (2 mg/kg body wt.) and misoprostol
(1.43 µg/kg body wt.) as revealed by PAS staining. Section of rat stomach obtained from A: normal control rats; B: ulcerated untreated control rats 4 h after indomethacin
administration; C: ulcerated untreated control rats 7 d after indomethacin administration; D: ulcerated rats treated with APC for 7 d; E: ulcerated rats treated with misoprotsol
for 7 d.

protein carbonyls, as well as reduction in the tissue protein
and DNA contents. These findings are in tune with many
previous reports. APC provided a marked suppression of
oxidative damage due to its excellent radical scavenging
capacity and brought most of these parameters to normal
levels, than observed in natural recovery.
Accumulation of the reactive products is known to
markedly alter the antioxidant enzymes leading to enhanced
oxidative damage during stomach ulceration [28]. In the
present study, the gastric activities of SOD and CAT were
found to be reduced notably following indomethacin intake.
Treatment with APC reversed these oxidative changes with
concomitant increase in SOD and CAT levels, thereby
suppressing most of the biochemical adverse effects
induced by indomethacin. This might decrease the ulcer
progression and promote healing of gastric lesions induced
by acute intake of indomethacin.
Ulcer-healing is a complex process involving a combination of wound retraction and re-epithelization [29].
Release of preformed mucus also plays a role in promoting
epithelial recovery after acute injury by forming a mucoid
cap beneath which re-epithelization occurs [30]. Besides
providing significant buffering capacity for the neutralization
of luminal acid, the mucus can offer protection against the
endogenous aggressors like pepsin and oxidants produced
in the gastric lumen, as well as against exogenous damaging
agents, such as NSAIDs.
The macromolecular glycoprotein, hexosamine
constitutes the major fraction of gastric mucin and is
accepted to be an ideal index of gastric mucus production[31].
The NSAID-produced mucosal hemorrhagic ulcer may
be due to a decrease of gastric mucus production[32]. Thus,
drugs that arrest ulcer progression by antioxidant action, and
also increase the synthesis and secretion of gastric mucus

would accelerate gastric ulcer healing.
In this study, the decreased mucin secretion in the
indomethacin-administered rats indicated reduced ability
of the mucosal membrane to protect the mucosa from
physical damage and back diffusion of hydrogen ions. The
decrease in the glycoprotein content of the gastric mucosa
further proved the decreased ability of the gastric mucosa
to withstand the offensive onslaught. Mucosal damage
can be easily produced by the generation of exogenous
and endogenous active oxygen and free radicals [33]. An
increase in mucus production usually assist the healing
process by protecting the ulcer crater against irritant
stomach secretions (HCl and pepsin) thereby enhancing
the rate of the local healing process. Treatment with APC
and misoprostol significantly accelerated the ulcer healing
process, which is associated with an increase in the mucus
layer in the gastric mucosa. Apparently, the free radicals
scavenging property of APC might be contributing in
protecting the oxidative damage to gastric mucosa.
It is well known that PAS stain is the best method to
identify gastric metaplasia of duodenal mucosa. Metaplastic
gastric type epithelium in the duodenum has been regarded
as an adaptive defensive response to mucosal injury of any
kind, including acid and/or pepsin[34]. The presence and
extent of gastric metaplasia have been correlated with acid
secretory capacity in men[35], and they have been induced
in experimental animals by stimulation of excessive
acid secretion. In contrast to the untreated controls in
which the autohealing process can be attributed to other
mechanisms, the healing action of APC is evidently related
to its ability to improve mucus production. All these
indicated that enhancement of the mucus modulation by
APC play a significant role in its ulcer healing effect.
Given that some drugs can show mild-to-severe side
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effects even after short-term intake, we also evaluated the
possible toxic effects of APC up to a dose of 25 mg/kg
body wt. with both mice and rats. There was no observable
physical sign change and the animals had normal food
and water as well as stool during the experimental period.
These findings suggested that APC given at the current
dose does not have any potential side effects in the animals.
The non-toxicity of APC was expected considering that
it is the major constituent of P. betel leaves that is freely
consumed in India and South-East Asian countries.
In conclusion, the present study established that the
APC, the major constituent of P. betel leaves can heal
indomethacin-induced stomach ulceration in rats by its
antioxidant action and ability to form mucus. Apparently,
by scavenging free radicals, APC might be protecting
the gastric mucosa, and in turn, the stomach epithelium
from the oxidative damage. This accelerates healing of
gastric ulcers. Earlier, our group has also reported the
cytoprotective activity of the crude ethanol extract of P. betel
leaves against indomethacin-induced stomach ulceration.
These results, taken together along with the non-toxicity
of APC indicate its potential as an anti-ulcerogenic drug
for further investigations. Comparison of its efficacy with
that of misoprostol further confirmed the findings.
Ulceration due to NSAID is also believed to occur
because of non-selective inhibition of cyclooxygenases
that hampers the release of mucus due to reduction
in prostaglandin synthesis. The relationship between
prostaglandins and leukotrienes, the products of
prostaglandin H synthase (PGHS) and 5-lipoxygenase,
respectively, seems to be an important factor in gastric
ulcers. Many phenolic compounds stimulate prostaglandin
synthesis by acting as reducing substrates for the oxidized
intermediates of PGHS, thereby accelerating the peroxidase
cycle and by functioning as electron-donating co-substrates
for the peroxidase component of PGHS. In this way, they
can modulate the PGHS and 5-lipoxygenase pathways of
arachidonic acid[36]. Thus, it would be of interest to study
the effect of APC on the PG-dependent pathway of healing
gastric ulcer. Investigation in this regard is currently in
progress in our laboratory and the results will be reported
later.
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Abstract
AIM: To establish an optimum combination of molecular
markers resulting in best overall diagnostic sensitivity
and specificity for evaluation of suspicious pancreatic
mass.
METHODS: Endoscopic ultrasound (EUS)-guided fine
needle aspiration cytology (FNA) was performed on
101 consecutive patients (63 males, 38 females, 60 ±
12 years; 81 with subsequently diagnosed pancreatic
cancer, 20 with chronic pancreatitis) with focal pancreatic
mass. Samples were evaluated on-site by an experienced
cytopathologist. DNA was extracted from Giemsa stained
cells selected by laser microdissection and the presence
of K-ras, p53 and p16 somatic mutations was tested
by cycling-gradient capillary electrophoresis (CGCE)
and single-strand conformation polymorphism (SSCP)
techniques. In addition, allelic losses of tumor suppressor
genes p16 (INK4, CDKN2A) and DPC4 (MADH4, SMAD4)
were detected by monitoring the loss of heterozygosity
(LOH) at 9p and 18q, respectively.
RESULTS: Sensitivity and specificity of EUS-guided FNA
were 75% and 85%, positive and negative predictive
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value reached 100%. The remaining 26% samples were
assigned as inconclusive. Testing of molecular markers
revealed sensitivity and specificity of 70% and 100%
for K-ras mutations (P < 0.001), 24% and 90% for p53
mutations (NS), 13% and 100% for p16 mutations (NS),
85% and 64% for allelic losses at 9p (P < 0.001) and
78% and 57% for allelic losses at 18q (P < 0.05). When
tests for different molecular markers were combined, the
best results were obtained with K-ras + LOH at 9p (92%
and 64%, P < 0.001), K-ras + LOH at 18q (92% and
57%, P < 0.001), and K-ras + LOH 9q + LOH 18q (96%
and 43%, P < 0.001). When the molecular markers
were used as complements to FNA cytology to evaluate
inconclusive samples only, the overall sensitivity of
cancer detection was 100% in all patients enrolled in the
study.
CONCLUSION: EUS-guided FNA cytology combined with
screening of K-ras mutations and allelic losses of tumor
suppressors p16 and DPC4 represents a very sensitive
approach in screening for pancreatic malignancy.
Molecular markers may find its use particularly in cases
where FNA cytology has been inconclusive.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Enor mous prog ress in diagnostic and therapeutic
approaches in the last decade had very limited impact on
generally poor survival rates of patients diagnosed with
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pancreatic cancer (PC)[1]. Mortality of the disease is almost
at the level of its incidence as the majority of cases are
diagnosed in advanced, not resectable stage[2]. Since the
fundamental molecular-genetic mechanisms of PC have
already been recognized, there is a great expectation that
molecular tests could substantially assist in early diagnosis
as well as open new therapeutic possibilities for this serious
disease[3,4].
The development of pancreatic cancer follows a
distinct path from normal ductal epithelia, pancreatic
intrae pithelial neoplasia (PanIN Ⅰ- Ⅲ) up to the
carcinoma [5,6]. This path is accompanied by sequential
accumulation of genetic defects (mostly point mutations,
gene amplifications and allelic deletions). Activation of
K-ras oncogene by somatic point substitution is seen as an
initial event in pancreatic carcinogenesis[7]. This alteration
can be detected already in PanIN-1A lesions as well as
in chronic pancreatitis (CP) and therefore represents an
independent risk factor for pancreatic cancer. In advanced
pancreatic cancer, K-ras mutations are found in close
to 90% of cases, therefore considered as a potential
molecular marker for early detection of developing cancer.
Following the initial K-ras activation, a number of other
genetic abnormalities take place. PanIN-1A and PanIN-1B
phases are characterized by overexpression of Her-2/neu
oncogene, which is found in 50% of pancreatic neoplasms.
Increased Her-2/neu expression, however, is a result of
higher transcription rate rather than gene amplification,
rendering Her-2/neu an unusable therapeutic target [8].
Aside from the above oncogenes, there are a number of
tumor suppressor genes affected by genetic alterations
during the transformation process. Among them, p16
tumor-suppressor (also referred to as CDKN2 or INK4),
located at chromosome 9p21 is inactivated already
during transition from PanIN-1B to PanIN-2 phases[9].
Furthermore, loss of another important tumor-suppressor
gene, SMAD4 (known also as deleted in pancreatic
carcinoma, DPC4), located at chromosome 18q21 has also
been observed[10]. Consequently, the p16 and DPC4 are
inactivated in almost 95% (55% respectively) of cases of
invasive pancreatic cancers, therefore, potentially useable
as molecular markers. All of the genetic mutation events
adversely affect control of the cell cycle, thus enabling
defected cells to proliferate. Oncogene K-ras encodes
for GTP-binding protein responsible for signaling in the
MAP-kinase pathway of intracellular signal transduction[11].
Tumor suppressor gene p53 is translated into a product
that regulates transcription of other regulatory proteins,
such as p21, inhibitor y protein of cyclinD/CDK2
family[12]. The product of p16 tumor suppressor binds
to the complex of cyclinD/CDK4 or CDK6, and thus
regulates progression of cell cycle at the G1 control
point[13]. Finally, the DPC4 tumor suppressor is a member
of the SMAD protein family which plays a crucial role in
intracellular signaling of TGF-beta[14].
Cur rent diagnostic approaches mostly rely on
evaluation of morphological changes in pancreatic tissue
in combination with histology/cytology examination
of samples obtained by fine-needle aspiration (FNA)[15].
EUS-guided FNA typically delivers sensitivity of 80%
and specificity of 99%, while its positive and negative
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predictive values are at 99%, and 73% levels[16]. In order
to increase diagnostic sensitivity of the FNA cytology,
several papers have demonstrated detection of somatic
aberrations as potential markers for early pancreatic
cancer in DNA material from pancreatic juice, pancreatic
ductal brushings, perioperative or percutaneous biopsies,
plasma, duodenal aspirate, bile or stool. Among the
various molecular markers in pancreatic cancer, K-ras is
the most frequently studied. Its prevalence is estimated
to reach 90%-95%. The reported rates of positivity,
however, depend on experimental method of K-ras
mutation detection as well as on the source material in
which presence of K-ras mutations is to be detected. The
capture rates range from 78%-100% in pancreatic tissue[17],
61%-89% in pancreatic juice[18,19], 72%-83% in pancreatic
ductal brushing[20,21], 35% in plasma[22], 33% in bile[23], and
25% in duodenal aspirate[24]. Detection of K-ras in stool
gives better sensitivity than in bile, however specificity
drops significantly[25]. Acceptable specificity was reported
only in pancreatic ductal brushings and pancreatic juice
(77%-100%).
Because of the high sensitivity of genetic testing in
pancreatic juice, numerous mutations in other genes have
been reported in this material. Sensitivity and specificity of
genetic tests in pancreatic juice is 40%-89% and 33%-96%
for K-ras[26,27], 11%-43% and 70%-100% for p16[18,28,29],
14%-47% and 88%-100% for p53 [25,30], 36%-70% and
39%-100% for DPC4[18,31]. The combination of several
molecular markers in pancreatic juice is believed to
improve sensitivity of genetic testing, giving best results
for combination K-ras plus p53 which resulted in 100%
sensitivity[30]. In contrast to pancreatic juice analysis, there
are only a limited number of publications on frequency of
gene mutations in EUS-guided FNA samples. Takahashi's
study which included 62 consecutive patients with focal
pancreatic mass is the largest. The authors screened for
K-ras mutations and gave 74% sensitivity with 100%
specificity[32].
From the original PC progression model it is clear
that the pancreatic malignant conversion comes from
a combination of multiple genetic events rather than
originating from a single mutation[3,5]. Given the inherent
heterogeneity of the carcinogenic pathways, simultaneous
examination of multiple markers should lead to improved
testing efficacy. The aim of the presented work was to
evaluate a possibility of examining several somatic genetic
events as potential molecular markers for early detection
of pancreatic cancer in risk groups, such as in chronic
pancreatitis patients. The main emphasis was on finding an
ideal combination of markers resulting in optimum results
when used in combination with commonly used cytology
readings.

MATERIALS AND METHODS
Subjects
A total of 106 consecutive patients with focal pancreatic
mass undergoing EUS-guided fine needle aspiration
(FNA) were enrolled into the study. Patients were divided
into pancreatic cancer group and the control group of
patients with chronic pancreatitis based on histology of
www.wjgnet.com
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Figure 1 An example of the K-ras mutation analysis by CGCE method. A: sample
without mutation; B: sample with K-ras mutation in codon 12.

surgical specimen or long-term follow-up. Five patients
were excluded due to other diagnosis (adenoma, malignant
fibrous histiocytoma, endocrine tumor, cholangiogenic
carcinoma), or for malignant duplicity (patient with a
breast carcinoma).
Of 101 patients in the final group a total of 63 (62%)
were males and 38 (38%) females. The mean age in the
group was 60 ± 12 years, range 32-84 years (+2.01/-2.21
standard deviation). There were 81 (80%) patients with
pancreatic cancer, and 20 (20%) patients with chronic
pancreatitis. All patients signed informed consent with
participation in the study as well as with genetic analysis of
their tissue material.
Methods
EUS was performed by a single experienced endoscopist
using GFUM-20 radial and GFUCT-140 linear array
scanning echoendoscopes (Olympus Europe). Quality
of FNA samples was evaluated by an on-site cytologist
after quick staining by hematoxylin-eosin. Definitive FNA
diagnosis was stated by a single pathologist, blinded to
the EUS, after staining additional slides by Giemsa. The
same samples were subsequently submitted for genetic
analysis. Furthermore, in a subset of 18 patients the
genetic analysis of FNA samples were extended to genetic
analysis of tissue acquired during subsequent perioperation
biopsy. Laser microdissection of Giemsa-positive cells
was performed on a P.A.L.M. Microlaser instrument
(Carl Zeiss, Germany). Normally, between 100 and 200
cells were dissected from each slide. Genomic DNA was
extracted from the dissected cells by a standard spincolumn extraction protocol using the GMC tissue DNA
isolation kit (Genomac, Czech Republic).
Presence of somatic point mutations in codons 12
and 13 of K-ras and in exons 5-8 of p53 was detected
by cycling-gradient capillary electrophoresis (CGCE), a
high-sensitivity mutation detection technique based on
heteroduplex analysis in a temperature gradient[33]. The
experimental details of the K-ras and p53 mutation assay
were described previously[34,35]. Briefly, a PCR amplification
of the target sequence containing the mutation hotspots
was performed with one of the primers fluorescently
labeled and the other primer extended by a 40 bp artificial
high-melting domain (GC-clamp). Following PCR, the
140 bp fragment was heated and slowly cooled to allow
for mation of homo- and heteroduplex for ms upon
www.wjgnet.com
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Figure 2 An example of LOH at chromosome 9p, analysis by CGCE method. A:
tumor sample with allelic loss; B: blood sample with both alleles present.

re-annealing of wildtype and mutant sequences. The
resulting double-stranded fragments were subjected to
capillary-electrophoretic separation at a cycling temporal
temperature gradient. A typical result is shown in Figure 1.
Mutations in the p16 gene were analyzed by standard
single-strand confor mation polymorphism (SSCP)
using amplification conditions previously described in
literature[36,37] followed by capillary electrophoresis analysis
of the resulting fragments in a non-denaturing gel matrix
(GMC-SSCP, Genomac, Czech Republic).
Allelic losses at chromosomal positions 9p and 18q
were monitored by the loss of heterozygosity analysis
(LOH) using a total of 3 microsatellite (STR) markers for
9p (D9S157, D9S171 and D9S1748) and 2 markers for 18q
(D18S363, D18S474)[38,39]. Detected LOH at chromosomal
site 9p is shown in Figure 2.
All capillary electrophoretic experiments including
previously described temperature-gradient, SSCP and
fragment analysis were performed on a capillary-array
DNA sequencer (MegaBACE ™ 1000, GE Healthcare,
Piscataway, NJ) equipped with Caddy ™ 1000 robotic
sample loader (Watrex Praha, Prague, Czech Republic) for
unattended overnight operation.
Statistical analysis
Analysis was based on two-way and multiway contingency
tables, sensitivity and specificity of tests and on a 95%
confidence interval of relative frequencies with use of
BMDP PC90 and MedCalc software.

RESULTS
The data in the study represent patients collected within a
2-year period from 2003 to 2005. Due to the dismal nature
of the disease the total project time period exceeded by
far the mean survival rate of pancreatic cancer patients
enrolled in this study. The ultimate diagnosis of the
malignant disease could, therefore, be unequivocally
assigned based on clinical follow-up. During the final
statistical analysis and evaluation, sensitivity and specificity
of various diagnostic approaches performed during the
patients dispensation could later be accurately determined.
Endoscopic ultrasonography (EUS)
EUS is considered the most sensitive method for visualizing
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Table 1 Tests for K-ras, p53 and p16 mutations, and LOH at chromosome 9p (site of p16 gene) and LOH at chromosome 18q (site
of DPC4 gene) n (%)
Chronic
panceratitis

Pancreatic
cancer

Total

Sensitivity
(95% CI)

Specificity
(95% CI)

P

Youden's
index

< 0.001

70%

K-ras

Negative
Positive
Total

20 (100)
0 (0)
20 (100)

24 (29.6)
57 (70.4)
81 (100)

44 (43.6)
57 (56.4)
101 (100)

70%
(60%-80%)

100%

p53

Negative
Positive
Total

18 (90)
2 (10)
20 (100)

62 (76.5)
19 (23.5)
81 (100)

80 (79.2)
21 (20.8)
101 (100)

24%
(14%-34%)

90%
(85%-95%)

0.18 (NS)

14%

p16

Negative
Positive
Total

20 (100)
0 (0)
20 (100)

70 (87.5)
10 (12.5)
80 (100)

90 (90)
10 (10)
100 (100)

13%
(7%-19%)

100%

0.096 (NS)

13%

LOH 9p

Negative
Positive
Total

9 (64.3)
5 (35.7)
14 (100)

8 (15.4)
44 (84.6)
52 (100)

17 (25.8)
49 (74.2)
66 (100)

85%
(75%-95%)

64%
(53%-75%)

< 0.001

49%

LOH 18q

Negative
Positive
Total

8 (57.1)
6 (42.9)
14 (100)

11 (22.4)
38 (77.6)
49 (100)

19 (30.2)
44 (69.8)
63 (100)

78%
(67%-89%)

57%
(45%-69%)

< 0.05

35%

focal pancreatic lesions and staging of locoregional
progression of the pancreatic disease[40]. All patients in
our group were subjected to EUS for initial evaluation of
pancreatic lesions. The EUS differentiation between the
malignant or benign nature of the lesions resulted in 79%
sensitivity and 77% specificity. The overall rate of false
negatives was 5% and false positives 4%. In 11% of cases
the endoscopist was not able to reliably state the diagnosis.
Fine-needle aspiration cytology (FNA-cytology)
EUS-guided FNA cytology has been adopted as a routine
method for all patients admitted to our gastroenterology
department with a suspicion of pancreatic cancer. The
main benefit of this safe method is in its sensitivity. At
the same time, the acquired morphological information
(TN staging) removes a need for additional diagnostic
testing and/or surgery, surpassing CT or MR imaging[41].
Following the initial test for specimen quality by a “quicktest” using hematoxylin-eosin staining immediately
following the puncture, samples were stained by Giemsa
and thoroughly evaluated by an experienced cytologist. In
the present study the overall sensitivity and specificity for
FNA cytology evaluation was 75% and 85% respectively;
the positive and negative predictive value reached 100%
with no malignant specimens assigned as benign or vice
versa. In FNA testing, however, 26% of smears were
assigned as inconclusive. This mostly owing to the fact that
the cellular atypia found in ductal epithelia did not allow
clear differentiation between both diagnoses.
Histology of surgical resection tissue
Finally, in a subset of 18 patients, surgery was performed
and collected pancreatic tissue was evaluated by a
pathologist. Histological evaluation of surgical resection
resulted ultimately in 100% specificity, but 95% sensitivity
due to the fact that one resection sample was falsely
evaluated as cancer-negative.
Molecular marker examination
Activating mutations in the K-ras oncogene were found

in 57 out of the total 101 samples. Comparison with
the final diagnosis revealed that all K-ras positives were
subsequently confirmed with malignancy, while none
of the chronic pancreatitis samples exhibited K-ras
mutation. Hence, the resulting specificity was 100% and
the sensitivity 70% with 95% CI (60%-80%). There were
24 (30%) cancerous specimens without K-ras mutation.
Detecting mutations in tumor suppressor gene p53
uncovered only 19 positive cases (total of 101 cases)
with a sensitivity of 24% with 95% CI (14%-32%) and
specificity of 90% with 95% CI (85%-95%). Similarly, low
mutation rates were obtained for p16 gene with 10 of 100
cases leading to only 13% sensitivity (95% CI 5%-9%),
specificity was 100%. Forty-four of a total of 66 samples
exhibited allelic loss at 9p with a sensitivity of 85% with
95% CI (75%-94%) and specificity of 64% with 95% CI
(53%-75%). Although 9p harbors p16 tumor-suppressor
gene, no correlation was found between occurrence of
p16 mutations and 9p allelic deletions. A combination
of the two tests (p16 mutations and losses at 9p) yielded
overall sensitivity of 84% with a specificity of 64%, 95%
CI (75%-94%) and (53%-75%) respectively. Sole LOH test
at chromosomal position 18q, corresponding to a loss of
tumor suppressor gene DPC4, was detected in 38 of 63
cases with a sensitivity of 78% (95% CI 66%-89%) and
specificity of 57% (95% CI 45%-69%) (Table 1).
When combining tests for independent molecular
markers (Table 2), the best results were obtained with
a combination of K-ras and LOH 9p. Sensitivity and
specificity of this combination were 92% with 95% CI
(86%-99%) and 64% with 95% CI (53%-75%), respectively.
Another promising combination was K-ras and LOH 18q
resulting in sensitivity of 92% with 95% CI (85%-99%)
and a specificity of 57% with 95% CI (45%-69%). By
combining two markers with high specificity K-ras and
low-sensitivity p53 reasonable values were obtained:
sensitivity of 74% with 95% CI (65%-83%) and specificity
of 90% with 95% CI (85%-95%). This, however, does
not significantly improve the sole K-ras test showing 70%
sensitivity and 100% specificity as noted above. Similarly,
www.wjgnet.com
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Table 2 Combination of test for various molecular markers
Combination of tests

95% CI

P

Youden's
index

K-ras + LOH 9p

Sensitivity
Specificity

92%
64%

85%-99%
53%-75%

< 0.001

57%

K-ras + LOH 18q

Sensitivity
Specificity

92%
57%

85%-99%
45%-69%

< 0.001

49%

LOH 9p + LOH 18q Sensitivity
Specificity

92%
43%

85%-99%
31%-55%

< 0.01

34%

p16 + LOH 9p

Sensitivity
Specificity

84%
64%

74%-94%
53%-75%

< 0.001

49%

K-ras + p53

Sensitivity
Specificity

74%
90%

65%-83%
85%-95%

< 0.001

64%

K-ras + LOH 9p
+ LOH 18q

Sensitivity
Specificity

96%
43%

92%-100% < 0.001
31%-55%

39%

K-ras + p16
+ LOH 9p

Sensitivity
Specificity

92%
64%

85%-99%
53%-75%

< 0.001

57%

p53 + LOH 9p
+ LOH 18q

Sensitivity
Specificity

92%
43%

85%-99%
31%-55%

< 0.001

35%

a combination of the LOH tests performed on the two
chromosomal loci (9p and 18q) resulted in the sensitivity
of 92% with 95% CI (84%-99%) and specificity of 43%
with 95% CI (31%-55%), which does not surpass the
combination of the relatively simpler K-ras mutation test
with either of the individual LOH tests.
If three markers are taken into account, a combination
of K-ras with both LOH (18q and 9p) show the highest
sensitivity of 96% with 95% CI (91%-100%) and a
specificity of 43% with CI (31%-55%). The combination
of p53 with LOH 18q and 9p gives comparable results:
sensitivity of 92% with 95% CI (85%-99%) and specificity
of 43% with 95% CI (31%-55%). Combination of K-ras
with both methods for detecting genetic variations in p16
(SSCP and LOH 9p) results in a sensitivity of 92% with
95% CI (85%-99%) and specificity of 64% with 95% CI
(53%-75%).
Finally, fidelity of genetic testing in FNA-cytology
smears versus resection tissue was evaluated in case of
18 patients where both sample types were obtained.
There was no discrepancy in K-ras, p53 or p16 mutation
rates as the results were identical in both sample types.
On the contrary, however, FNA-cytology specimens
proved to be more suitable for detection of allelic losses
at 9p by the LOH test (P < 0.001); higher sensitivity of
FNA specimens for detection of LOH 18q was close to
statistical significance (P < 0.10).

DISCUSSION
EUS-guided FNA-cytology is widely regarded as the
“g olden standard” in morphological diagnosis of
pancreatic neoplasms. In agreement with this common
perception, our own experience also confirms a high
diagnostic value of the technique with positive and
negative predictive value reaching 100% over the course of
the presented study. These results mirror high efficacy of
the protocol if FNA biopsy is first evaluated on-site by the
cytologist, and then conclusively interpreted by a skilled
pathologist with proper experience in pancreatic cytology.
www.wjgnet.com
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This encouraging result, however, is reduced by the fact
that in addition to the unequivocally assigned samples
a remaining total of 26% of FNA smears are marked
as inconclusive. This mirrors the fact that distinction
between reactive changes in chronic pancreatitis and well
differentiated adenocarcinoma may be problematic and
cause under diagnosis of pancreatic cancer[42]. Hence, the
resulting 74% success rate of FNA-cytology clearly opens
a need for additional diagnostic tools.
Molecular diagnosis of early pancreatic cancer has
been studied for several years. Although many molecular
markers have been identified, it is evident that diagnostic
and/or screening should be based on a set of tests rather
than relying on one universal molecular indicator. In our
study, we have obtained reproducible results indicating
a notable capture rate of pancreatic cancers by using
a combination of highly specific multiple markers. As
shown in Table 1, the test for K-ras mutation exhibited the
highest possible specificity. Our finding is in agreement
with reports of K-ras testing in pancreatic juice (sensitivity
of 40%-89% and specificity 33%-96%). With regard to
K-ras testing in FNA samples, our sensitivity was similar
to a recent study (70% vs 74%), moreover, at the same
time we have confirmed 100% specificity of K-ras testing
in FNA reported in the same study[32]. The fidelity of the
K-ras test in our work was followed by LOH analysis for
the detection of allelic losses at 9p and 18q chromosomal
positions. Satisfactory sensitivity with relatively low
specificity of all above mentioned genetic tests make them
suitable for screening purposes rather than for differential
diagnosis of pancreatic masses.
As expected, the LOH analysis greatly profited from
laser microdissection of tumor cells from FNA-cytology
specimens. In comparison to manual dissection from
resected tissue, the sensitivity for detection of allelic
loss was higher for laser-microdissected FNA samples.
Low diagnostic value of p53 and p16 point mutations
is in agreement with the overall limits of sensitivity and
specificity intervals for these markers being previously
tested in pancreatic juice[18,25,28-30]. Similarly in FNA samples,
p53 or p16 mutations seem suitable for differential
diagnosis or screening in FNA samples.
Based on the observations from this study, a diagnostic
algorithm reflecting the most efficient approach to
distinguish pancreatic cancer from chronic pancreatitis
in FNA samples can be constr ucted (Figure 3). As
the EUS-guided FNA-cytolog y still has the highest
diagnostic relevance reaching 100% both predictive values
while showing acceptable sensitivity and specificity, it
should always remain a preferred method of choice for
examination of a focal pancreatic mass (Figure 3, step 1).
Only a subset of FNA-inconclusive samples should be
further examined by genetic analyses. The size of such a
sample set will undoubtedly depend on the pathologist's
level of expertise. Of the various markers, K-ras is a
prime candidate for first-level genetic analysis as the
K-ras positivity showed to reliably differentiate patients
with malignancy (Figure 3, step 2). Because of a lower
sensitivity of the K-ras test, samples negative for K-ras
mutation should, consequently, be examined for allelic
losses by LOH tests. Due to its higher sensitivity, LOH
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monitoring of singular molecular markers has failed in this endeavor up to date,
the focus has shifted to expression profiling, proteomics, and development of
diagnostic arrays.

FNA sample

Chronic
pancreatitis

Negative

FNA cytology

Positive

Pancreatic
cancer

Inconclusive

K-ras mutation

Positive

Positive

Negative
Negative

LOH 18q

Innovations and breakthroughs

The study applies genetic methods previously tested in pancreatic juice directly
on DNA extracted from tumour cells won by EUS-guided FNA. It was performed
in a relatively large group of patients (n = 101) and monitors changes in four
genetic loci (K-ras, p16, p53 and DPC4). No previous study describing loss of
heterozygosity at 9p and 18q in pancreatic FNA samples was published up to
date.

Applications

Negative

LOH 9p

A sequential four-step diagnostic algorithm combining EUS-guided FNA and
various genetic tests is suggested for differentiating between benign and malignant
focal pancreatic masses. Its potential to become a part of a screening program for
pancreatic cancer in high risk groups of patients is to be evaluated.

Terminology
Positive

Figure 3 Four-step diagnostic algoritm evaluating FNA cytology and genetic
changes for differentiation of benign and malignant lesions of the pancreas.

on the chromosome 9p, should be tested first (Figure
3, step 3), followed by a final testing of the LOH 18q
performed on the remaining samples showing negativity
for all previous tests (Figure 3, step 4). Such a set of four
subsequent testing steps delivers satisfactory results. When
using to process data acquired in our study, malignancy
was correctly assigned to all patients with ultimately
confirmed cancer status with no false negatives. One
patient with chronic pancreatitis was incorrectly assigned
with pancreatic cancer, a false positive, due to positivity of
both 9p and 18q LOH tests.
In conclusion, the most sensitive genetic test for
screening for malignancy in EUS-guided FNA samples
from pancreatic mass seems a combination of K-ras
mutation analysis with detection of p16 gene loss by LOH
at 9p. Combination of K-ras with LOH analysis at both
p16 and DPC4 genes further improves the sensitivity to
96%. The best compromise of sensitivity and specificity
according to the Youden's index is single K-ras (70%) or
combination of K-ras with LOH 9p (57%). Based on our
observations it seems that due to relatively high specificity
of the used markers, malignancy is usually indicated already
by a single positive test. Therefore, only negative samples
are subsequently tested by further markers, increasing the
cost effectiveness of such diagnostic testing.

COMMENTS

Endoscopic ultrasound navigated fine needle aspiration (EUS-guided FNA) is
a safe and highly sensitive method for getting pancreatic tissue samples by
transgastric or transduodenal puncture. Fine needles (17-19 Gauche) allow
obtaining high quality material for cytology examination which, however, is not
generally sufficient for biopsy samples. Cycling gradient capillary electrophoresis
(CGCE) is a high-sensitivity mutation detection technique. PCR fragments are
heated and slowly cooled so that homo- and heteroduplex forms arise upon reannealing of wildtype and mutant sequences. The resulting double-stranded
fragments are separated according to different velocity in capillary electrophoresis
at cycling temperature gradient.

Peer review

The authors evaluated clinical relevance of multiple genetic alterations in EUSguided fine needle aspiration samples of patients with chronic pancreatitis and
pancreatic cancer. The data are very informative because the experiments are well
designed and performed.
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Abstract
AIM: To analyze the time interval ('delay') between
the first occurrence of clinical parameters associated
with anastomotic leakage after colorectal resection and
subsequent relaparotomy.
METHODS: In 36 out of 289 consecutive patients
with colorectal anastomosis, leakage was confirmed at
relaparotomy. The medical records of these patients
were retrospectively analysed and type and time
of appearance of clinical parameters suggestive of
anastomotic leakage were recorded. These parameters
inc lude d he ar t rate, body temperature, local or
generalized peritoneal reaction, leucocytosis, ileus and
delayed gastric emptying. Factors influencing delay of
relaparotomy and consequences of delayed recognition
and treatment were determined.
RESULTS: First documentation of at least one of the
predefined parameters for anastomotic leakage was
after a median interval of 4 ± 1.7 d after the operation.
The median number of days between first parameter(s)
associated with leakage and relaparotomy was 3.5
± 5.7 d. The time interval between the first signs of
leakage and relaparotomy was significantly longer when
a weekend was included (4.2 d vs 2.4 d, P = 0.021) or
radiological evaluation proved to be false-negative (8.1 d
vs 3.5 d, P = 0.007). No significant association between
delay and number of additional relaparotomies, hospital
stay or mortality could be demonstrated.
CONCLUSION: An intervening weekend and negative
diagnostic imaging reports may contribute to a delay in
diagnosis and relaparotomy for anastomotic leakage.
That delay was more than two days in two-thirds of the
patients.

© 2007 WJG . All rights reserved.
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INTRODUCTION
Anastomotic leakage after colorectal resection is an adverse
event with a tremendous impact on morbidity, mortality
and quality of life. Mortality rates of more than 30% in
patients who developed anastomotic leakage have been
reported in the literature[1-6]. Clinically symptomatic leakage
often requires one or more operative reinterventions
with frequent need for intensive care admission and
prolonged hospital stay. When a stoma is constructed at
reexploration, this is meant to be temporary but often
appears to be permanent. In those patients whose bowel
continuity is restored, late functional consequences may be
encountered[7].
Many studies have concentrated on risk factors for
anastomotic leakage, including comorbidity and surgical
technique, trying to find ways to prevent leakage in
high-risk groups[2,4,6,8-11]. When leakage occurs, it seems
important to detect this complication at an early moment
to minimize associated morbidity and mortality [12] .
However, the clinical diagnosis of anastomotic leakage is
often difficult and it may only become evident after several
days of close observation[13]. Little is known about the
incidence and consequences of a delay in the diagnosis
and subsequent treatment of anastomotic leakage after
colorectal resection. Therefore, we retrospectively
determined time intervals between first clinical signs and
relaparotomy and assessed risk factors and consequences
of a delay in recognition and treatment of anastomotic
leakage.

MATERIALS AND METHODS
Between January 2000 and July 2003, 289 consecutive
patients underwent an ileocolic, colo-colonic or colorectal
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anastomosis at the Sint Lucas Andreas Hospital, a nonuniversity teaching hospital in Amsterdam, the Netherlands.
There were 158 females and 131 males with a mean
age of 69 (range 20-96) years. In 15 patients (5%), the
anastomosis was performed to restore colonic continuity
after previous colostomy, while in the remaining patients
the anastomosis was constructed immediately following
bowel resection. Ileocolonic resection was performed in 27
patients (9%), right hemicolectomy in 94 (33%), transverse
colonic resection in 10 (3%), left hemicolectomy in 20
(7%), sigmoidal resection in 72 (25%) and subtotal or total
colectomy in 7 patients (3%). A low anterior resection was
performed in 44 patients (15%). Patients electively planned
for colonic or rectal resection were admitted to the hospital
one day before surgery. Bowel preparation was given to
patients undergoing left-sided resections and consisted of
oral phosphate solution. In addition, one enema was given
the morning of surgery to patients who underwent low
anterior resection. Antibiotic prophylaxis consisted of a
cephalosporin and metronidazol and was given in a single
dose during induction of anesthesia. Operations were
performed by consultant surgeons in 184 patients (64%)
and by trainees under supervision in 105 patients (36%).
Type of anastomosis (e.g. end-to-end or end-to-side)
depended on the preference of the individual surgeon.
Hand-sewn anastomoses were performed using a one
layer continuous suture of propylene 3/0 in 209 patients.
Stapled anastomoses were performed in 80 patients (28%).
Postoperative oral intake was gradually restarted depending
on nausea, bowel movements, gastric tube production (if
applied), and passage of flatus or stools. No fast-track
recovery programs were used during the study period.
Patient’s temperature, blood pressure, and heart rate were
routinely recorded three times daily. The patients were
seen by the attending doctor at least once daily during
morning rounds, even during the weekends. Radiological
examination of the anastomosis by contrast radiography
or computed tomography (CT) was not performed on
a routine basis, but only when leakage was suspected on
clinical grounds.
For the purpose of this study, simple clinical parameters
suggestive of anastomotic leakage were identified from
the literature[1,14,15] and retrospectively collected from the
records of patients who developed anastomotic leakage
confirmed at relaparotomy. These parameters included
tachycardia (heart rate > 100 beats per minute), fever
(body temperature > 38℃), local or generalized peritoneal
reaction during physical examination, leucocytosis
(> 10 × 103/mL), prolonged adynamic ileus (> 2 d) as
demonstrated by symptoms and signs during physical
examination or plane abdominal radiography, and delayed
gastric emptying (increased gastric tube production of
more than 200 mL per day or vomiting necessitating
tube reinsertion). In addition, the postoperative day of
first appearance of any of these parameters was scored,
as well as the first day the attending doctor recognized
these signs, resulting in a description in the patient’s
files. Delay until relaparotomy was calculated from the
day of first retrospective presence of clinical parameters
associated with leakage and from the day the possibility
of anastomotic leakage was explicitly suggested in the
www.wjgnet.com
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Table 1 Patient and treatment characteristics of 36 patients
with anastomotic leakage confirmed by relaparotomy
Characteristic
Gender
Male
Female
Mean age (range) ( yr)
Mean Quetelet index (range)
American Society of Anesthesiology score
1
2
3
Comorbidity
Laparotomy in medical history
Diabetes mellitus
Cardiovascular disease
Preoperative radiotherapy
Chronic Obstructive Pulmonary Disease
Type of operation
Ileocolonic resection
Right hemicolectomy
Transverse colonic resection
Left hemicolectomy
Sigmoidal resection
Subtotal colectomy
Anterior resection
Restoring continuity after colostomy

n (%)
21 (58)
15 (42)
67 (26-87)
25 (17-43)
14 (39)
16 (44)
6 (17)
14 (39)
6 (17)
17 (47)
4 (11)
8 (22)
5 (14)
3 (8)
2 (6)
1 (3)
14 (39)
3 (8)
7 (19)
1 (3)

medical records by the attending doctor. The following
factors were tested for their association with delay of
relaparotomy for anastomotic leakage: age, sex, body
mass index, site of anastomosis, radiological examination,
and presence of a weekend in the period between first
appearance of clinical parameter(s) and relaparotomy. To
determine the influence of a weekend on the delay of
relaparotomy, patients with a delay of more than seven
days were excluded. Consequences of a delay for number
of relaparotomies, hospital stay, and in-hospital mortality
were assessed.
Statistical analysis
Univariate analyses using the Mann-Whitney test, F test
and χ 2 -test were performed to compare data of two
groups. Spearman’s correlation coefficient was used
to determine the correlation between two continuous
variables. Significance was set at P ≤ 0.05 (two-sided).
Statistical analyses were performed with Statistical Package
for the Social Sciences software (SPSS, Chicago, IL, USA).

RESULTS
Anastomotic leakage was confirmed during relaparotomy
in 36 patients. Patient and treatment characteristics of
the 36 patients are displayed in Table 1. Symptomatic
anastomotic leakage occurred despite the presence of a
diverting ileostomy in three patients after low anterior
resection. In three patients, anastomotic leakage was
not confirmed during first relaparotomy, but only after
repeated laparotomy at three (‘second look’ at day one,
‘third look’ at day three), 24 and 28 d after the initial
operation, respectively. Apart from irrigation of the
contaminated abdominal cavity, the operative procedure
for leakage consisted of breakdown of the anastomosis

Doeksen A et al . Relaparotomy for anastomotic leakage

Table 2 Incidence and median postoperative day of first
occurrence of simple clinical parameters in 36 patients with
anastomotic leakage confirmed at relaparotomy
Variable
Tachycardia (> 100 beats/min)
Fever (> 38℃)
Peritoneal reaction
Leucocytosis (> 10 × 103/mL)
Adynamic ileus
Delayed gastric emptying

Incidence
(%)
61
67
28
72
47
67

Median postoperative
day (SD)
4 (2.6)
5 (2.4)
6 (3.7)
6 (2.5)
6 (4.6)
4 (2.0)

SD: standard deviation.

Table 3 Median time intervals between first occurrence of
clinical parameters or the attending doctor’s suggestion of
anastomotic leakage in the medical record and relaparotomy
Signs/symptoms
First occurrence of:
Tachycardia
Fever
Peritoneal reaction
Leucocytosis
Ileus
Delayed gastric emptying
At least one parameter
At least two parameters
At least three parameters
Doctor’s suggestion of
leakage in medical record

Median delay of
relaparotomy (d)
2.0
2.8
0.8
2.0
1.5
2.0
3.5
2.5
1.8
1.0

SD

Range

7.2
5.7
2.8
6.1
2.4
5.2
5.7
5.4
5.7
5.1

0-29
0-29
0-8
0-29
0-9
0-25
0-29
0-12
0-8
0-29

and construction of a colostomy in 21 patients (58%), a
diverting loop-ileostomy in twelve (33%), abscess drainage
in two (6%) and no additional intervention in one patient
(3%).
For the 36 patients with leakag e confir med at
relaparotomy, the incidence and median postoperative
day of first occurrence of the simple clinical parameters
are displayed in Table 2. The first appearance of at least
one of these signs was after a median interval of 4 (±
1.7; range 1-8) d after the operation. This interval was
5 ± 2.3 (range 2-12) d and 5.5 ± 2.8( range 2-12) d for
at least two and three signs, respectively. Relaparotomy
for anastomotic leakage was performed after a median
interval of 7 d after initial surgery (± 4.1; range 3-24) d.
The median number of days between the first occurrence
of each specific parameter, at least one parameter, at least
two parameters and at least three parameters associated
with leakage and relaparotomy are displayed in Table 3.
The median time interval between the presence of at least
one positive parameter and relaparotomy (‘the delay’) was
3.5 d; 23 relaparotomies for anastomotic leakage (64%)
were performed after a delay of more than two days. The
median number of days between the attending doctor’s
suggestion of anastomotic leakage in the medical records
and relaparotomy was one day.
A negative result of either contrast study or CT
scanning in nine patients resulted in a significantly longer
delay of relaparotomy as shown in Table 4. If a weekend
(Saturday and/or Sunday) was included in the time
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Table 4 Risk factors for prolonged delay of relaparotomy
because of anastomotic leakage
Variable
Age (yr)

< 70
≥ 70
Sex
Male
Female
Body mass index (kg/m2)
< 25
≥ 25
Site of anastomosis
Left
Right
Radiological examination
Yes
No
performed
Outcome of radiological
FN
TP/NP
examination
Weekend included in period Yes
No
between first clinical
parameter and relaparotomy

n
19
17
21
15
181
14
25
11
21
15
9
27
142
18

Mean delay (d) P
4.5
0.71
4.9
4.5
0.95
4.9
4.6
0.29
5.3
4.8
0.29
4.3
6.0
0.051
2.7
8.1
0.007
3.5
4.2
0.021
2.4

FN: false-negative; TP: true-positive; NP: not performed. 1Four missing
values, 2Four patients excluded with delay of more than seven days.
Significance of differences in delay between subgroups is determined using
the Mann-Whitney test.

interval between the first positive parameter suggestive of
leakage and relaparotomy, delay of relaparotomy was also
significantly longer in comparison with patients in whom
observation and decision to reoperate did not take place
during a weekend. No other factors determining the length
of the delay could be demonstrated (Table 4).
After the first relaparotomy for anastomotic leakage,
one additional laparotomy was performed in eight patients
(22%) and more than one relaparotomy in another 10
patients (28%). Although the patients who needed at
least one additional relaparotomy did have a longer delay
between the first appearance of a clinical parameter and
the first relaparotomy in comparison with patients who did
not need additional relaparotomies [6.0 (± 7.6) d vs 3.3 (±
2.4) d], this difference did not reach statistical significance
(P = 0.52). Patients with anastomotic leakage were
admitted to the hospital for a mean period of 59 (range
7-259) d. There was no significant correlation between
the delay of relaparotomy and duration of hospital stay
(Spearman’s correlation coefficient 0.16, P = 0.34). Overall
in-hospital mortality was 36% (13 of 36 patients). Delay of
relaparotomy for anastomotic leakage was not significantly
longer in patients who died postoperatively (5.5 ± 5.6 d vs
4.2 ± 5.8 d for patients who did not have a delay, P = 0.54).

DISCUSSION
Two thirds of relaparotomies were performed more than
two days from the first appearance of at least one positive
parameter suggestive of anastomotic leakage with a median
delay of 3.5 d. This is similar to the median delay of 4 d
in a series of 22 patients with clinical symptomatic leakage
as reported by Sutton et al[13]. Even if at least three positive
parameters were present, it took a median number of 1.8 d
until relaparotomy for anastomotic leakage was performed
in our series. In a study by Alves et al[14], the risk of leakage
increased to 67% if three or more signs associated with
anastomotic failure were present. A remarkable finding
www.wjgnet.com
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was the increase in delay when signs and symptoms
suggestive of leakage appeared just before or during a
weekend. During weekends, all patients are seen by a staff
surgeon and a surgical resident during morning rounds on
Saturday as well as on Sunday. The higher work load, the
absence of the attending surgeon who initially performed
the anastomosis, and the absence of a plenary discussion
of clinical problems by the entire surgical staff during
weekends may explain this disturbing finding.
The routine use of radiographic imaging in diagnosing
anastomotic leakage is surrounded by controversies. We
found that a negative result of either contrast study or
CT scanning in nine patients resulted in a significantly
longer delay of relaparotomy. This observation opens
the discussion whether to perform radiographic imaging
before relaparotomy. Nicksa et al[16] retrospectively studied
36 patients who were reoperated for anastomotic leakage
and found that 3 of the 18 contrast enemas (17%) and 14
of the 27 CT scans (52%) were false-negative. Another
study described 16 patients with a clinical anastomotic
leakage, in whom four imaging studies (25%) were initially
misinterpreted[17]. A similar sensitivity was reported by
Akyol et al in a series of 233 patients who underwent left
sided colonic or colorectal anastomoses. The false-negative
percentage of a routine water soluble contrast enema in the
early postoperative period was 22% (11 of 51 patients with
anastomotic leakage)[18]. None of these studies describe the
impact of imaging on the delay of relaparotomy.
But what does eventually lead to the decision to
perform a relaparotomy? Is it one specific parameter
that has more impact than some others or is it a specific
combination of positive parameters? Comparing the
delay after each individual parameter, the presence of
peritoneal reaction is the only parameter that resulted
in surgical intervention within 24 h in most cases. It is
unclear whether this symptom is so important in surgical
decision making or it is just a relatively late sign which in
combination with other earlier positive parameters makes
relaparotomy inevitable. The difficulty in clinical decision
making is calculating the pre-test chance of an event (i.e.
anastomotic leakage) based on a number of predictive
factors. In addition, a cut-off point has to be determined
at which the optimum is reached in terms of benefit
of an intervention on the one hand and unnecessary
harm on the other. It would seem that watchful waiting
as long as it is not associated with significant morbidity
and mortality would be preferable to early re-laparotomy
and a higher negative re-exploration rate. The question
is at what point the morbidity of waiting outweighs the
morbidity of operating. Known risk factors, such as the
level of anastomosis, chronic obstructive pulmonary
disease, obesity, the use of steroids, poor nutritional state
or the need for blood transfusion increase the chance of
anastomotic leakage beforehand[2,4,6,9,10]. The finding of
adynamic ileus, fever or leucocytosis in high-risk patients
will further increase the pre-test chance and may facilitate
the decision to reoperate in these patients. However,
one should take into account the risk of false-positivity
of these clinical parameters which may result in a falsenegative reintervention. The complete diagnostic evaluation
of the clinical parameters identified from the literature
www.wjgnet.com
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(including sensitivity, specificity and positive/negative
predictive value) was beyond the scope of the present
study. In the previously mentioned study by Alves et al[14],
clinical parameters suggestive of anastomotic leakage
were analyzed in 655 patients who underwent colorectal
resection. They found a significantly higher number of
patients with fever on day two, absence of bowel action
on day four, diarrhea before day seven, collection of more
than 400 mL of fluid through abdominal drains from day
zero to three, renal failure on day three and leucocytosis
after day seven in the group in which anastomotic leakage
occurred compared with the uncomplicated group. No
other studies on the incidence and timing of these signs
and symptoms have been published to our knowledge.
Ultimately, a prospective analysis should be performed of
all known risk factors and clinical parameters in order to
construct a decision model that can help the surgeon to
make a weighed choice for the individual patient.
What can minimize the delay in diagnosis and
treatment of anastomotic leakage besides simple clinical
parameters? Radiological examination of the anastomosis
can be misleading [19]. Negative contrast studies and/or
CT scanning undoubtedly result in a longer delay before
surgical reintervention. Currently, we prospectively collect
data about the additional value of radiological imaging
of the anastomosis. A few investigational studies have
focused on biochemical analysis of effluents of abdominal
drains in patients who underwent colorectal anastomosis.
Positive correlations with anastomotic leakage were found
for lysozyme activity level and endotoxins[20,21]. The value
of these findings in daily clinical practice, however, is
probably limited.
The finding that patients who ultimately died in the
hospital did not have had a longer delay of relaparotomy
is comparable with observations that were done by Alves
et al[14]. In that study, a non-significantly higher mortality
rate was seen in patients who were reoperated on or after
day five compared to those reoperated before day five.
The absence of a significant association between delay
of relaparotomy for anastomotic leakage and mortality
is probably just a reflection of the small number of
patients in both studies. It is our opinion that delay of
relaparotomy in a patient with peritonitis should have an
impact on outcome and that a more aggressive approach
probably reduces morbidity and mortality.
In conclusion, although positive clinical parameters
associated with anastomotic leakage were observed relatively
early in the postoperative period, the final decision to
perform a relaparotomy took a median of 3.5 extra days.
The surgical team must be vigilant in the clinical observation
of patients in the immediate postoperative period, also
on weekends and review carefully the interpretation
of diagnostic imaging of the anastomosis. Especially
patients at an increased risk of anastomotic leakage due to
comorbidity, septic conditions, technical difficulties and level
of anastomosis deserve a close clinical observation with
appropriately timed surgical reintervention.
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Abstract
AIM: To investigate the correlation between ezrin
expression and types of gastric carcinoma and clinicopathological variables.
METHODS: We examined ezrin protein expression
in 75 gastric carcinoma (53 intestinal types of
adenocarcinoma, 22 diffuse types of carcinoma) tissues
by immunohistochemistry. The results were compared
with clinicopathological parameters such as tumor type,
grade of tumor, clinical stage, presence of metastatic
lymph node, and depth of invasion.
RESULTS: Ezrin immunostaining was positive in 43
cases (81.1%) of intestinal type and in 9 (40.9%) cases
of diffuse type adenocarcinomas (P < 0.001). In gastric
carcinomas, the expression of ezrin protein correlated
with the status of H pylori and survival. There was no
correlation between expression of ezrin with TNM stage
and histological grade of gastric carcinomas (P > 0.05).
CONCLUSION: The low expression of ezrin implicates
the loss of adhesion in diffuse carcinomas. Furthermore,
overexpression of ezrin in carcinomas with H pylori
infection may be a genuine specific pathway in which
H pylori may cause/initiate gastric carcinoma.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Ezrin, a member of the ezrin-radixin-moesin (ERM)
family of species-conserved protein in the band 4.1
superfamily, is a membrane cytoskeleton linker and is
involved in cellular functions, including epithelial cell
morphogenesis and adhesion. The proteins ezrin, moesin,
and radixin act as linkers between the plasma membrane
and the actin cytoskeleton. The inactivation of ezrin
causes a massive cell retraction and leads to the destruction
of both cell-cell and cell-substrate adhesion, whereas the
overexpression of ezrin in insect cells results in enhanced
cell adhesion[1-3]. Pujuguet et al showed that ezrin plays a
role in the transition from polarized epithelial cell form
to a more spreading form by regulating the transport of
E-cadherin to the plasma membrane[4]. This mechanism
between ezrin and E-cadherin may be important in its
emerging role in tumor progression.
ERM proteins have a cytoskeletal linking function to
connect the actin filaments to cell adhesion molecules
such as CD43, CD44, ICAM 1, ICAM 2, modulating cell
morphology, motility and adhesion [5]. The binding of
ezrin to cell surface adhesion molecules is involved in cell
migration and metastasis, because high levels of CD44 are
associated with invasive and potentially metastatic tumor
cells[5]. Ezrin is expressed at high levels in small intestine,
stomach, pancreas and kidney, at intermediate levels in
spleen, thymus, lymph nodes, at low levels in heart, brain
and testis. In muscle and liver, expression of ezrin is not
detected[6].
Human gastric carcinomas have been classified
by Lauren into two major g roups, intestinal (well
differantiated) and diffuse (poorly differentiated) types.
Intestinal type adenocarcinoma has better prognosis
than diffuse type [7] . In the diffuse carcinoma, tumor
cells are scattered in a fibrous stroma with loss of tight
intracellular adhesions between cancer cells[7]. Although
histopathological diagnosis is valuable in clinical medicine,
the Lauren classification has been widely used because
it separates two biological entities that are different in
epidemiology, pathogenesis, behavior and carcinogenesis[8].
With the advent of new molecular technologies,
information about grade of malignancy, prognosis and
differential diagnosis can now be obtained[8-10]. Although
ezrin is detected in many malignant cell types, such as
adenocarcinoma of pancreas, renal cell carcinoma, and
osteosarcoma, to the best of our knowledge we could
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not identify any information regarding ezrin and gastric
carcinoma[5,6,11,12]. In this study, we aimed to document the
relation of ezrin expression to the clinical outcome and
the histological parameters in carcinomas of stomach.
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Figure 1 Strong immunoreactivity of ezrin in grade Ⅱ
intestinal type gastric adenocarcinoma cells (IHC, x 200).

MATERIALS AND METHODS
For immunohistochemical analysis, 53 intestinal type
adenocarcinoma and 22 diffuse type carcinoma tissue
samples were selected from pathological archives. All
patients with gastric carcinoma were treated surgically,
diagnosed histologically, and followed up in the
Department of General Surgery. Surgical staging was
determined in accordance with the TNM criteria, 10
(13.3%) cases were classified as stage 1, 9 (12%) as stage
2, 23 (30.7%) as stage 3, and 33 (44.0%) as stage 4. The
histological grade of each gastric cancer sample was
determined according to the accepted criteria, resulting
in 4 cases of gradeⅠ(well differentiated), 25 grade Ⅱ
(moderately differentiated) and 46 grade Ⅲ (poorly
differentiated).
The samples were fixed in 10% neutrally buffered
f o r m a l i n a n d p a r a f f i n e m b e d d e d . Fo r i m mu n o histochemistr y, serial sections of 5 µ m thickness
were cut from the paraffin blocks. The sections were
deparaffinized with xylene and rehydrated with ethanol.
Non-enzymatic antigen retrieval was performed on each
slide and washed with phosphate-buffered saline (PBS).
Immunohistochemical staining was performed manually
using the standard avidin-biotin peroxidase complex
technique with DAKO (LSAB kit, DAKO, Denmark). The
primary antibody for ezrin (mouse mAbIgG1, clone 3C12,
Neomarkers) was applied to the slides.
Histological and immunohistochemical evaluation
was performed by one pathologist. Each stained slide
was assessed and given a score, in which the intensity of
the staining (no staining = 0, weak staining = 1, medium
staining = 2, and strong staining = 3) and the percent
of stained cells (0% = 0, 1%-24% = 1, 25%-49% = 2,
50%-74% = 3 and greater than 75% = 4) were multiplied.
With the applied system, the maximum score was 12
(over 75% of the cells showing strong staining) and the
minimum score was 0 (negative staining).
For detection of H pylori (H pylori), all the selected
slides were Giemsa stained. Level of H pylori was assessed
as 0-3 (no: 0, mild: 1, moderate: 2, severe: 3) according to
the Sydney system.
SPSS for Windows version 11.0 was used for statistical
analyses. Normality was checked for continuous variables.
Data were expressed as mean ± SD (standard deviation),
median minimum-maximum, n (number of cases) and
percent (%). The Mann Whitney-U, t test and Spearman’s
correlation tests were used where appropriate. Bonferroni's
correction was applied (P < 0.05/n; where n = number of
comparisons) when multiple comparisons were made. P
value less than 0.05 or 0.02 was considered as significant in
difference.

RESULTS
Ezrin immunreactivity and clinical parameters
Positive staining for ezrin was observed in the epithelium

Figure 2 Cytoplasmic immunpositivity of ezrin in poorly differentiated gastric
adenocarcinoma (IHC, x 200).

Figure 3 Negative staining in atypical cells for ezrin in diffuse type gastric
carcinoma. Positive staining in normal gastric glands (IHC, x 200).

of the gastric glands and tumor cells and in the cytoplasm
of the cells. In noncancerous, normal gastric mucosa,
glandular epithelium showed positive staining for ezrin.
Ezrin immunostaining was positive in 43 cases (81.1%)
of intestinal type and in 9 (40.9%) cases of diffuse type
adenocarcinomas (P < 0.001) (Figures 1-3). Furthermore,
the mean weighted ezrin score in the intestinal type
adenocarcinoma was higher than that of the diffuse type
(4.98 ± 3.841 vs 2.05 ± 3.00 respectively, P = 0.001).
As the gastric carcinomas were assessed as a whole
group, there was no correlation between ezrin expression
and TNM stag e and histological g rade in g astric
carcinomas (P > 0.05) (Table 1). The expression of ezrin
was positively correlated with the presence of H pylori and
www.wjgnet.com
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Table 1 Ezrin expression in intestinal and diffuse type gastric adenocarcinoma and its correlation with Hp infection, overall survival and
histologic grade
İntestinal type
adenocarcinoma
Hp present
Ezrin negative
Ezrin positive
P

Diffuse type
adenocarcinoma

Gastric adenocarcinoma
(All groups)

Hp absent

Hp present

Hp absent

6
17

3
4

10
5

4
26

Alive

Death

5
15

< 0.05

İntestinal type
adenocarcinoma

15
18

Grade 1

Grade 2

0
4

6
19
> 0.05

< 0.05

Diffuse type
adenocarcinoma

Grade 3
4
20

Grade 3
13
9

Table 2 Ezrin expression in intestinal and diffuse type gastric adenocarcinoma and its correlation with lymph node metastasis and
distant metastasis
Intestinal type adenocarcinoma
With lymph
Without lymph
node metastasis node metastasis
Ezrin negative
Ezrin positive
P

9
31

1
12

Diffuse type adenocarcinoma
With lymph
node metastasis

Diffuse type adenocarcinoma

Without lymph
node metastasis

With distant
metastasis

Without distant
metastasis

With distant
metastasis

1
1

1
11

8
31

1
2

12
8

> 0.05

overall survival (P < 0.05) (Table 1). There was a negative
correlation between ezrin and lymph node metastasis
(Table 2), lymphovascular space invasion, and perineural
invasion in all gastric carcinomas, but was not significant
statistically (P > 0.05), while no association with depth of
invasion, localization of tumor, and diameter of tumor,
and distant metastasis (P > 0.05), (Table 2).
In diffuse carcinoma (n = 22), ezrin expression was not
associated with histological and clinical parameters while
ezrin expression in intestinal type adenocarcinomas (n =
53) has a negative correlation (P < 0.05) with the size of
tumor, but not with other parameters.
In this study, standard histological parameters such
as grade, depth of tumor, metastatic lymph node status,
lymphovascular space and perineural invasion, and
diameter of tumor were significantly correlated with stage
of tumor (P = 0.001, P = 0.007, P < 0.001, P < 0.001,
P < 0.001, P < 0.001). The type of tumor showed no
correlation with stage, depth of tumor, metastatic lymph
node status, lymphovascular space and perineural invasion.
The size of the tumor was significantly correlated with
stage of tumor.
Sixty patients (80%) had lymph node metastasis and
lymphovascular invasion and 15 patients (20%) had distant
metastases such as liver and omentum. Fifty-three patients
with gastric carcinoma were followed up for a mean (SD)
duration of 12.37 mo. The median survival time was 18
mo in the group without ezrin expression, and 24 mo in
the group with ezrin expression (P > 0.05). In diffuse and
intestinal type carcinomas, the expression of ezrin was not
correlated with the overall survival.

DISCUSSION
Despite identification of the new key regulatory molecules
in metastasis and growth of tumor, metastasis is still an
extremely complex and unclear process. To metastasize
successfully into a clinically relevant mass, tumor cells
must overcome a series of challenges. These include
www.wjgnet.com

Intestinal type adenocarcinoma

Without distant
metastasis
12
7

> 0.05

invasion into the surrounding tissue, extravasation
into the lymphovascular space, arrive at a distant side,
and intravasation into a new environment. In all of
these stages, various regulatory molecules have to be
expressed in a coordinated pattern. Ezrin is known to
be a component of cell-surface structures that, together
with ERM proteins, are involved in cell adhesion to the
extracellular matrix, as well as in cell-cell interactions,
receptor tyrosine-kinase signaling, signal transduction
and interactions with the Akt-mediated cellular apoptotic
mechanism. One of the functions of ezrin is to participate
in the formation of cell-surface complexes, such as
E-cadherin, integrin that mediates cell-cell and cellextracellular matrix attachments[1-4].
Many molecular genetic studies in gastric carcinogenesis
have shown that the development of intestinal and diffuse
carcinoma follow two different pathways. For instance,
microsatellite instability was found to be 64% in diffuse
type, but only 17% in intestinal type carcinoma[9,10]. Loss
of heterozygosity, mutation of APC gene and DCC gene
are frequently observed in cancer of intestinal type ,
but seldom found in diffuse type. Similarly, the cadherin
gene plays an important role in the carcinogenesis of
diffuse type carcinoma which is characterized by invasion
and high metastatic potential. In addition, the abnormal
transcription of CD44 has found both types, although
deletion of cadherin gene is 50% in intestinal type
carcinoma[8].
Moilanen et al reported that healthy ovarian epithelium
showed strong ezrin immunreactivity, but weak or negative
expression of ezrin in ovarian carcinoma was associated
with shorter survival, histological grade, and advanced
age of the patient [12]. Controversially, in other studies,
glial tumor, uveal malignant melanoma, and pancreatic
carcinoma cells have shown high ezrin expression[5,6,11,13].
In human pancreatic adenocarcinoma cells, increased ezrin
expression correlated with high metastatic potential. In
this study, we observed strong ezrin immunoreactivity in
normal, noncancerous gastric mucosa, but in the diffuse
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carcinoma group, the immunoreactivity of ezrin decreased
as compared with normal mucosa. Ezrin expression
showed inverse correlation with presence of metastatic
lymph nodes, and lymphovascular space invasion in gastric
carcinomas. Similar to our findings, the ezrin expression in
human colon cancer was reported to decrease compared
to normal tissues[14]. These seemingly contradictory results
indicate that the expression of ezrin in various tumor types
may be associated with different cell functions of ezrin.
The previous studies implicated that the inactivation of
ezrin caused a massive cell retraction, suggesting a constant
exchange between the soluble and membrane-skeletonassociated ezrin, which drives cell spreading [15] . The
suppression of ezrin led to the destruction of both cellcell and cell-substrate adhesion whereas the overexpression
of ezrin in insect cells enhanced cell adhesion [16,17] .
Reduced cell-cell adhesion may be responsible for
increased invasiveness and metastasis in malignant tumors.
Considering the marked loss of adhesion of histologically
diffuse carcinomas when compared to the intestinal
carcinomas, the parallel loss of ezrin immunoreactivity
may be meaningful perhaps causal in this regard.
Lim et al demonstrated that H pylori infection increased
the cell adhesion-related gene expression in gastric
epithelial AGS cells and ezrin expression induced by
H pylori infection[18]. The expression of ezrin and possibly
by other ERM proteins contributes to enhancement of
cell-cell or cell-extracellular matrix adhesion of gastric
epithelial cells. Lim et al suggested that the differential
expression of ezrin in H Pylori infection may play an
important role in gastric carcinogenesis, including cell
proliferation and cell adhesion[18]. In the present study, we
also found a positive correlation between H pylori status
and expression of ezrin.
Generally, intestinal type gastric carcinomas have a
better prognosis than their diffuse type counterparts.
Environmental factors are believed to play a greater role in
tumorigenesis in intestinal type carcinomas. H Pylori with
its propensity resulting in atrophic gastritis is hypothesized
to play a role in tumorigenesis of the intestinal type
gastric cancer. However, there is a lack of information on
the specific pathways and processes on H pylori-induced
carcinogenesis. In this study, we have shown that H pylori
infected gastric carcinomas have a greater expression of
ezrin in the cells. If one takes into account of the ezrin’s
role in numerous critical pathways of cellular adhesion and
proliferation, this may be a genuine specific pathway in
which H pylori may cause/initiate gastric carcinoma.
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Abstract
AIM: To evaluate the prevalence of markers of hepatitis
B virus (HBV) and hepatitis C virus (HCV) and human
immunodeficiency virus (HIV) among blood donors in
Kolkata, Eastern India for two consecutive years and to
conduct a pilot study to explore the presence of HBV
DNA among hepatitis B surface antigen (HBsAg) negative
but anti-HBc positive blood donors.
METHODS: Seroprevalence of HBsAg, anti-HCV and
anti-HIV was studied among 113 051 and 106 695
voluntary blood donors screened in 2004 and 2005,
respectively. Moreover, a pilot study on 1027 HBsAg
negative donors was carried out for evaluating the
presence of HBV DNA by PCR on HBsAg negative/antiHBc positive donors.
RESULTS: A statistically significant increase in the
prevalence of HBV (1448 vs 1768, P < 0.001), HIV (262
vs 374, P < 0.001), HCV (314 vs 372, P = 0.003) and
syphilis (772 vs 853, P = 0.001) infections was noted
among blood donors of Kolkata West Bengal in 2005 as
compared to 2004. Moreover, the exploratory study on
1027 HBsAg negative donors revealed that 188 (18.3%)
www.wjgnet.com

of them were anti-HBc positive out of which 21% were
positive for HBV DNA.
CONCLUSION: The findings of this study underscore
the significantly increasing endemicity of hepatitis
viruses, syphilis and HIV among the voluntary blood
donors of our community. The pilot study indicates
a high rate of prevalence of HBV DNA among HBsAg
negative/anti-HBc positive donors and thus emphasizes
the need for a more sensitive and stringent screening
algorithm for blood donations.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatitis B is one of most common infectious diseases
of the world and has infected 2 billion people worldwide;
including an estimated 400 million chronically infected
cases[1]. Individuals with chronic infection have a high
risk of developing liver cirrhosis and hepatocellular
carcinoma. Hepatitis C virus (HCV) infection is another
common chronic blood borne infection with an estimated
3.9 million persons infected by the virus and a high rate
of development of liver cirrhosis. Infection by hepatitis
B virus (HBV) and HCV causes serious mortality,
morbidity and financial burden and are thus a major
global health problem [2] . In addition, prevalence of
human immunodeficiency virus (HIV), is increasing in the
world. India, with an estimated 5.7 million cases of HIV
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infection, is the second highest pool of these patients in
the world.
Evaluation of data on the prevalence of these
transfusion transmitted infections (TTIs), namely HBV,
HCV, HIV and syphilis, among blood and plasma donors
permits an assessment of the occurrence of infections in
the blood donor population and consequently the safety
of the collected donations. It also gives an idea of the
epidemiology of these diseases in the community.
Among these infections HBV is more infective than the
other viruses[1]. Detection of hepatitis B surface antigen
(HBsAg) in blood is diagnostic for infection with HBV
and in the blood banks screening for HBsAg is carried out
routinely to detect HBV infection. Occult HBV infection
is defined as the presence of HBV DNA in blood or liver
tissues in patients negative for HBsAg but who may or
may not be positive for HBV antibodies[1].
Thus some HBsAg negative individuals, positive for
antibodies against HBV core antigen (anti-HBc) and/or
HBsAg (anti-HBs) continue to be positive for HBV DNA.
Due to limitations in current blood screening practices
in developing countries, donation by such individuals is a
potential source of HBV transmission to the recipients[3-7].
Such occult hepatitis B infection may be detected in (���
����
1)
Individuals with resolving HBV infection positive for
both antiHBc and anti-HBs (���
����
2) “anti-HBc-only”
���������������� ���������
carriers
in a window period of infection who are seronegative for
HBsAg �������������������������������������������������
(������������������������������������������������
3) carriers in whom HBsAg is not detectable due
to presence of escape mutants[5]. High frequencies of HBV
DNA positivity (10% to 40%) have been described among
anti-HBc only sera [3]. Routine anti-HBc screening of
individual blood donations and nucleic acid amplification
testing (NAT) by pooling of sera is done in some countries
to exclude these donations[8-10]. In India, detection of HBV
infection among blood donors is carried out by HBsAg
screening while detection of anti-HBc is rarely done[11].
In this study we aimed to assess the prevalence and
trends of the transfusion-transmitted infections (TTIs)
in two consecutive years, 2004 and 2005, among blood
donors of West Bengal. Moreover, in a pilot study, we also
explored the prevalence of occult HBV infection among
1027 randomly selected HBsAg negative donor samples,
without sera pooling.

MATERIALS AND METHODS
The Institute of Blood Transfusion Medicine and
Immunohematology (IBTMI), is located in Kolkata
(Calcutta). It is under the Department of Health and
Family Welfare, Ministry of Health, West Bengal. It is the
leading organization that coordinates blood transfusion
services throughout the state of West Bengal. The state
has a population of 80�����
 ����
176���������������������������
 ��������������������������
��������������������������
197 according to the 2001
census. The majority of contributors to this blood bank
are voluntary donors. The voluntary donations primarily
were obtained from blood donation camps, mostly
organized by clubs, colleges, political parties, religious
organizations etc.
The screening of blood donations for HBsAg, antiHIV, syphilis and anti-HCV is mandatory in IBTMI. Blood
donations from individuals who are found to be positive
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Table 1 Prevalence of TTIs among the blood donors in the
years 2004 and 2005
Total No of
samples studied

No of samples
reactive (%)

Statistical
significance

2004

2005

RR (95% Cl) P values

113 051 106 695 1448
(1.28)
Anti-HCV 113 051 106 695 314
(0.28)
Anti-HIV 113 051 106 695 262
(0.23)
Rapid
113 051 106 695 772
plasma
(0.68)
reagin
(Syphilis)

1768
(1.66)
372
(0.35)
374
(0.35)
853
(0.80)

1.29
(1.21-1.39)
1.26
(1.08-1.46)
1.51
(1.29-1.77)
1.17
(1.06-1.29)

2004
HBsAg

2005

< 0.001
0.003
< 0.001
0.001

for any of the above infections previously were deferred
at IBTMI. Moreover, the donors were pre-counseled
regarding their health status and also required to fill out
a donor screening registration form as part of a routine
blood donation screening procedure. During the 2-year
period, blood samples from 1027 HBsAg negative blood
donors (564 in the year 2004 and 463 in the year 2005)
were chosen at random, at various periods of time for
the pilot study. Informed consent was obtained from all
the donors. The study abided by the rules of the Ethical
Committee of IBTMI.
All the donor samples were examined in IBTMI,
using commercial ELISA, HBsAg and anti-HCV (Span
diagnostics, India), anti-HIV (General Biologicals, Taiwan)
and RPR (Rapid Plasma Reagin) for Syphilis (Span
diagnostics, India). Anti-HBc and anti-HBs (Organon
Teknika, Boxtel, The Netherlands) was detected in a
subset of 1027 donors for exploratory screening at ICMR
Virus Unit. All anti-HBc positive samples were retested
in duplicate for HBsAg as well as for anti-HBc. Only
repeat HBsAg negative/anti-HBc positive samples were
considered to be positive for anti-HBc. HBV DNA was
detected by in-house nested PCR, amplifying two different
regions of the HBV genome as described earlier[12].

RESULTS
A total of 219�����
 ����
746 blood
�������������������������������������
units were collected at IBTMI,
from January 2004 to December 2005, 94.6% of which
were collected from voluntary donors. Analysis of the
prevalence of TTIs among them revealed a statistically significant increase in the occurrence of all the blood borne
infections in the year 2005 as compared to 2004 (Table 1);
frequency of co-infection of these viruses was negligible.
Furthermore, relative risk (RR) of HIV infection was 1.51
(95% confidence interval, P < 0.001). In 2005 the prevalence rates (per 100 000 donations) were 350 for HIV, 350
for HCV, 1660 for HBV and 800 for syphilis.
Out of the 1027 HBsAg negative blood samples
screened, 18.3% were found to be anti-HBc positive
(Table 2). Notably, 21.3% of the anti-HBc positive samples
were HBV DNA positive by PCR. Among the ‘anti-HBc
only’ subgroup, a marginal increase in the proportion
of HBV DNA positive samples was noted in 2005 as
www.wjgnet.com
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Table 2 Detection of HBV DNA in anti-HBc positive blood
donors
Samples
collected
in
the year

Total number
of HBsAg
negative
samples
collected

2004
2005
Total

564
463
1027

No of Anti HBc positive
samples (irrespective
of anti HBs status) (%)
Total
Presence of
HBV DNA
95 (16.8) 23 (24.2)
93 (20.1) 17 (18.3)
188 (18.3) 40 (21.3)

No of ‘Anti HBc only’
samples (anti HBs
negative) (%)
Total
Presence of
HBV DNA
36 (6.4) 11 (30.5)
25 (5.4)
8 (32.0)
61 (5.9) 19 (31.1)

compared to 2004 (Table 2). None of the HBV DNA
positive samples were co-infected with HCV or HIV.

DISCUSSION
Our study was aimed at analyzing two blood transfusion
related issues-one was to assess the trends in TTIs in
two consecutive years and the other was to evaluate the
prevalence of occult HBV infection among HBsAg
negative donors in a pilot study.
We examined the occurrence of HBV, HCV, HIV and
syphilis infections among blood donors in Kolkata, West
Bengal by serological methods and compared the results
to assess the trends in two consecutive years, 2004 and
2005. 94.6% of the blood donors have donated voluntarily
in the blood donation camps organized by different
clubs, religious organizations, offices, political parties, etc.
Therefore, the prevalence of viral carrier rates in blood
donors is similar to that of the general population. Thus,
the data highlighting the increase of TTIs among the blood
donors is of concern. It indicates that the occurrence of
these infections among the voluntary donors should be
monitored carefully and the possible causes evaluated.
The Report of National AIDS Control Organization[13],
shows a considerable increase in HIV prevalence in the
year 2005 among antenatal clinics (0.5% to 0.84%) and
sexually transmitted diseases clinics (0.88% to 2.16%) from
the state of West Bengal, whereas adult HIV prevalence
in the rest of the country was comparable to the previous
years. Simultaneous increase of HBV, syphilis and HIV
infections indicate that sexual transmission might be a
possible route.
It is generally accepted that the diagnosis of infection
by HBV is based on the presence of the HBsAg in the
bloodstream[14]. However, screening of blood bank donors
for HBsAg does not totally eliminate the risk of HBV
,���
16]
infection through blood transfusion[15����
, since the absence
of this marker in the serum does not exclude the presence
of HBV DNA[17-20]. It is possible that, donors with occult
HBV infection, who lacked detectable HBsAg but whose
exposure to HBV infection was indicated by a positive
anti-HBc and HBV DNA, are a potential source of HBV
infection[21-23]. Our pilot study revealed that 188 of 1027
(18.3%) HBsAg negative blood donors were anti-HBc
positive and thus were exposed to HBV infection. Occult
HBV infection was observed in approximately 21% of
those anti-HBc positive donors subjected to exploratory
screening (Table 2). Thus these donors have the potential
to transmit HBV contaminated blood through the
www.wjgnet.com
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public blood supply. Recent reports actually documented
transmission of occult HBV by transfusion[24]. Moreover,
in the ‘anti-HBc only’ group 31% were positive for HBV
DNA (Table 2). The infectivity of anti-HBc positive/HBV
DNA positive blood components is reported to be low[25].
In contrast, ‘anti-HBc only’ blood products, which are
HBV DNA positive, are more prone to transmit HBV
infection[7]. Presence of occult HBV infection has also
been reported in blood donors from other Asian countries;
HBV DNA was detected among 16 of 131(12.2%) antiHBc positive donors in Iran, 7 of 250 (2.8%) in Lebanon
and 5 of 167 (2.9%) in Pakistan[26-28]. A previous study
from Delhi, Northern India showed prevalence of HBV
DNA to be 25% among the ‘anti-HBc only’ donors;
another study from Chandigarh in Northwestern India
showed 0% prevalence while the present study has revealed
,���
30]
31% prevalence from West Bengal, Eastern India[29����
.
Our study raises serious concerns regarding the safety
of the blood supply in our community, even after donor
screening for HBsAg. In India transfusion associated HBV
is estimated to be approximately 50% or more in multiply
transfused patients and approximately 1.5% in post surgical
recipients[31]. Thus the absence of HBsAg in the blood
of apparently healthy individuals may not be sufficient to
ensure lack of circulating HBV. Blood containing antiHBc with or without detectable presence of HBsAg might
be infectious, therefore routine blood donor screening
for anti-HBc has been implemented in some countries
resulting in a decrease in the risk of post-transfusion HBV
infection[2]. The trends in the two years in IBTMI, suggest
that routine anti-HBc screening of blood donations could
possibly prevent some transfusion-transmitted HBV
infections in this population. However, the usefulness of
screening for anti-HBc as an additional screening test to
improve the safety of the blood supply in India deserves
further analysis. A national study, including a statistically
significant number of blood donors from different blood
donation centers across the country, should determine
whether screening for anti-HBc in addition to HBsAg
detection and introduction of PCR based screenings like
NAT should also be considered for the Indian blood
donors.
Our study underscores the increasing endemicity of
TTIs in our community and the need for a sensitive screening algorithm of blood donations to improve blood safety.
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Abstract
AIM: To compare the results and complications of early
pre-cutting technique with standard technique.
METHODS: From January 2003 to December 2004,
a total of 416 consecutive therapeutic biliary ERCP
procedures were performed by one endoscopist
(T.A.). Data were retrospectively collected according
to procedure indication and results. Of these, 293
procedures (70.4%) were done with standard technique
(group A) and 123 procedures (29.6%) with early
pre-cutting technique in case of difficult cannulation
(group B). The results and complications of ERCP were
compared.
RESULTS: Success rate of first attempt cannulation
was 98.0% in group A and 87.8% in group B. The
overall incidence of post-ERCP pancreatitis, hemorrhage,
perforation and cholangitis was 0%, 0.2%, 0.5% and
0.5%, respectively. Morbidity rate was not significantly
different. No procedure-related mortality was occurred.
CONCLUSION: For an experienced hand, the early
pre-cutting technique for biliary cannulation is safe and
effective as standard technique.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Pre-cutting technique is useful in allowing biliary access
when standard cannulation techniques with double lumens
sphincterotome failed [1-4]. It is known to significantly
increase not only the rate of selective biliary cannulation
but also the complication rate. This may be because of
the multiple attempts to achieve cannulation by using
sphincterotome catheter before pre-cutting and causing
excess edema and papillary trauma. One earlier study
has described conducting a needle knife cut to achieve
biliary cannulation in difficult cases, a so called early precutting technique, is more safe and effective compared
with performing the pre-cut late in the procedure [5].
However, the data of this technique is still limited. The
aim of this retrospective study was to compare the results
and complications of early pre-cutting with the standard
biliary cannulation technique for ERCP in the hands of an
experienced endoscopist.

MATERIALS AND METHODS
At Siriraj GI Endoscopy Center, Faculty of Medicine,
Siriraj hospital, Mahidol University, Bangkok, Thailand, 416
consecutive therapeutic Endoscopic retrograde cholangiopancreatography (ERCP) procedures from January 2003
to December 2004 were included in the study. These were
performed by one experienced endoscopist (> 1000 career
ERCPs, with an ongoing workload of > 200 ERCPs each
annually: T.A.). They were classified into two groups (A
and B) by the technique of biliary cannulation.
All cases were commenced with a standard doublelumen sphincterotome (Ultratome XL; Boston Scientific,
Natrick, USA) preloaded with contrast. If required, a
guidewire (0.035” Jackwire; Boston Scientific, Miami, USA)
was used to aid biliary cannulation (Standard cannulation
technique: group A). If biliary access failed after 10 min
or if more than 3 pancreatic injections with contrast were
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Table 1 Characteristics of patients in 416 ERCP procedures

Age (yr) (mean)
Gender: Male
Female
Procedure: Elective
Emergency
Anesthesia: TIVA
GA
Indications (%)
Cholelithiasis
Biliary stricture
Malignant
Benign
GS pancreatitis
Bile leakage
SOD
Miscellaneous
Factors effect to cannulation
Juxtaduodenal diverticulum
Previous operation
HPB surgery
Billroth Ⅱ gastrectomy

All
(n = 416)
60. 6
214
202
399
17
410
3

Group A
(n = 293)
61.2
153
140
278
15
287
3

Group B
(n = 123)
59.5
61
62
121
2
123
0

203 (48.8)

140 (47. 8)

62 (50.4)

150 (36.1)
22 (5.3)
4 (1.0)
3 (0.7)
2 (0.5)
32 (7.7)

99 (33.8)
21 (7.2)
4 (1.4)
3 (1.0)
2 (0.7)
24 (8.2)

52 (42.3)
3 (2.4)
1 (0.8)
2 (1.6)
0
3 (2.4)

46 (15.7)
47 (16.0)
3 (1.0)

20 (16.3)
26 (21.1)
1 (0.8)

66
73
4

TIVA: Transintravenous anesthesia; GA: General anesthesia; SOD: Sphincter
of Oddi dysfunction.

made (whichever occurred first), the early pre-cutting
technique with needle knife catheter (MicroKnife XL,
Boston Scientific, Natrick, USA) (group B) was used.
In group A, diathermy was applied with the Endocut
mode in the ERBE system (120 W cut; 15 W coagulation)
(ERBE USA, Atlanta, GA), which adjusts the amount of
cutting and coagulating current automatically, depending
on the tissue resistance. Group B was performed with pure
cutting mode in the same system.
Sedation for the procedures consisted of a combination
of propofol or fentanyl and midazolam with buscopan as
needed for duodenal relaxation. In left lateral position, all
patients underwent continuous cardiopulmonary monitoring
throughout the procedure by an anesthesiologist. If the
patient conditions were not appropriated for sedation we
used the general anesthesia for the procedures. All procedures
were done using an Olympus video duodenoscope (TJF160R,
Olympus Corporation, Tokyo, Japan).
After completion of the ERCP, admission into the
inpatient hospital service was arranged to rule out postERCP complications. Follow-up was determined by a
retrospective review of the patients’ computerized medical
records. Complications were defined using criteria as
Cotton et al[��6�] described. The statistical software package
SPSS for Windows Version 11 (SPSS Inc, Chicago, IL) was
used to analyze the data. A significance level of 5% was
used throughout.

RESULTS
469 ERCP procedures were performed between January
2003 and December 2004. 53 diagnostic ERCP procedures
without endoscopic sphincterotomy or biliary access were
excluded. Of this 416 procedures (214 men, 202 women;
mean age 60.56 years, range 14-97 years) included in the
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Table 2 Overall complications of therapeutic ERCP n (%)
Complications

Total

Group A

Group B

Cholangitis
Perforation
Bleeding
Pancreatitis
Hypoxia
Total

2 (0.5)
2 (0.5)
1 (0.2)
1 (0.2)
6 (1.4)

1 (0.3)
1 (0.3)
1 (0.3)
3 (1.0)

1 (0.8)
1 (0.8)
1 (0.8)
3 (2.4)

study, 293 procedures were classified in group A and 123
procedures were in group B.
The characteristic of the group A and group B
populations were compared. There were no statistically
significant difference between the two groups in age,
gender, setting of the procedure, and choice of anesthesia.
Indication for therapeutic ERCP and the factors that were
claimed as affecting the difficulty of biliary cannulation
were compared which there were no statistically difference
also (Table 1).
The results of first attempt cannulation
The overall success rate of biliary cannulation was 95%.
The success rate of the group A was 98% and group B
was 87.8%. The difference result of success rate of first
attempt cannulation were statistically compared between
the two groups by used Chi-Square Tests found that the
lower success rate of group B was statistically significant.
Complications
Of the 416 procedures, overall complications occurred
in 6 procedures (1.4%) (Table 2�������������������������
��������������������������
). The overall incidence
of hemor rhag e, perforation and cholangitis was
0.2%, 0.���������������������������������������������
5��������������������������������������������
% and 0.������������������������������������
5�����������������������������������
%, respectively. None of the study
patients developed post-ERCP pancreatitis. One
anesthetic complication (hypoxia) was occurred (0.2%).
No procedure-related mortality was occurred. The
complications of two groups were compared by using
Chi-Square Test which there was no statistically significant
difference.

DISCUSSION
At early period, the use of precut papillotomy as alternative
method for achieve deep cannulation of the bile duct was
not recommended for inexperienced endoscopists because
it was claimed to increase post-ERCP complications. The
procedure should be reserved for used by experts in high
risk patients with strong indication for sphincterotomy
when other standard techniques have been exhausted.
The device that is commonly used to perform precut is
the needle knife, first described in 1977 by Osnes ����
and�
Kahrs[7]. Since then, several authors have reported the
successful application of this technique, especially for a
suprapapillarily prominent CBD [8-11]. There were many
studies of precut sphincterotomy, even retrospective and
prospective review supporting of precut sphincterotomy
was the procedure that can increase the success rate of
biliary cannulation[12-19]. Each study had difference designs,
number of cases, number of endoscopist, indications
www.wjgnet.com
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of therapeutic ERCP which can results the difference
outcome. In this study, all of the ERCP procedures were
performed by single experience endoscopist (TA) and
the success rate and complications of early pre-cutting
technique were compared to standard technique.
In this study, early-precutting with the needle knife
was needed in the care of 123 of 416 (29.�������������
6������������
%) patients
among whom standard technique of achieving CBD
access had failed. We made subgroup analysis in success
rate of cannulation between subgroup A (precutting
technique excluded patients with the prior attempted bile
duct cannulation: 165 patients) and group B. There is no
statistical different between these two groups. Rollhauser
et al[15] published their experience with 68 needle knife
papillotomy procedures. They found an improvement in
successful cannulation from 68% to 98%, suggesting that
the success rate improved with endoscopist’s experience.
In our study, the success rate of 1 st attempted CBD
cannulation after precutting (group B) was 87.8%. This
success rate is comparable to that of other studies, which
ranged from 66�����
%-���
99%[20-22].
Complications can be attributed to several independent
patient- and technique-related risk factors, including the
endoscopist’s skill[15]. The incidence of clinical pancreatitis
following precutting was reported 2.1������
%�����
-3.8%[20,23,24]. It
has often been postulated that relatively high postprecut
pancreatitis rates are related to the prolonged period of
cannulation attempts that occurs before precut is finally
performed[25]. These repeated cannulation attempts also
mean that precut is often performed under difficult
conditions, with a papilla that is already edematous and
distorted. The relatively low rates of successful biliary
cannulation immediately after precut in several reports
may reflect this problem. In this study, there was no postERCP complications. This may result from our policy
that precut sphincterotomy is routinely performed after
3 PD injection/cannulation and the high success rate of
immediate CBD cannulation after precutting.
Bleeding as a result of early-precutting with a needle
knife occurred 0.8% of our patients similar to those found
in several investigators, such as O’Connor et al[26] (1.2%),
and Huibregtse et al (1.5%)[1]. In the present study, the rate
of perforation and cholangitis in the group treated using
the standard approach was 0.3% and not significantly
higher than that of the group treated primarily with precut
(0.8%). Because of very low event of overall complication
(1.4%) and no statistically significant differences between
the two groups, it is unnecessary to find the predictor or
confounding factors of the complication.
In summary, the early pre-cutting technique for
biliary cannulation when cannulation of the CBD when
performed by standard methods is not possible, is safe and
effective by the experienced endoscopist.
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Abstract
AIM: To determine the evidence-based values of
prophylactic drainage in gastric cancer surgery.
METHODS: One hundred and eight patients, who
underwent subtotal gastrectomy with D1 or D2 lymph
node dissection for gastric cancer between January 2001
and December 2005, were divided into drain group or
no-drain group. Surgical outcome and post-operative
complications within four weeks were compared between
the two groups.
RESULTS: No significant differences were observed
between the drain group and no-drain group in terms of
operating time (171 ± 42 min vs 156 ± 39 min), number
of post-operative days until passage of flatus (3.7 ± 0.5
d vs 3.5 ± 1.0 d), number of post-operative days until
initiation of soft diet (4.9 ± 0.7 d vs 4.8 ± 0.8 d), length
of post-operative hospital stay (9.3 ± 2.2 d vs 8.4 ±
2.4 d), mortality rate (5.4% vs 3.8%), and overall postoperative complication rate (21.4% vs 19.2%).
CONCLUSION: Prophylactic drainage placement is not
necessary after subtotal gastrectomy for gastric cancer
since it does not offer additional benefits for the patients.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Prophylactic drainage of the peritoneal cavity after
gastrointestinal (GI) surgery has been widely practiced
since the mid-1800 s, with the dictum of Lawson Tait,
the 19th-century British surgeon, “When in doubt, drain,”
well known to all surgical trainees. During the last two
centuries, prophylactic drains have been employed to
remove intra-peritoneal collections, such as ascites, blood,
bile, chyle, and pancreatic or intestinal juice. In addition,
prophylactic drains had their signal function to detect
early complications, such as postoperative hemorrhage
and anastomotic leakage[1]. Thus, prophylactic drainage
gained wide acceptance as a useful method to prevent
complications after GI surgery. However, surgically placed
drains are not without risk: they have been associated with
increased rates of intra-abdominal and wound infection,
increased abdominal pain, decreased pulmonary function,
and prolonged hospital stay, organ damage, and some
other discomforts to the patients[2-9]. Advances in surgical
techniques, anesthesia, and peri-operative patient care
have consistently decreased postoperative complication
rates after gastric cancer surgery, especially in better GI
centers[10,11].
Sims was the first surgeon who used prophylactic
drains after gynecologic operations in the last quarter of
the 19th century[12]. Since that time, surgeons have routinely
used prophylactic drainage of the peritoneal cavity after
abdominal surgery. Theodor Billroth was convinced
that prophylactic drainage of the peritoneal cavity saved
many lives after GI surgery [13]. However, some other
contemporaries believed that drainage of the peritoneal
cavity is impossible and, therefore, prophylactic drainage is
useless[14,15].
Unfortunately, the principle of drainage is not based on
any scientific data, and, in general, the prophylactic value
of drains in abdominal surgery remains controversial.
During the last three decades, surgeons have made efforts
to investigate the value of prophylactic drainage after
abdominal surgery in controlled randomized clinical
trials (RCTs)[16]. Despite evidence-based data questioning
prophylactic drainage in many instances, most surgeons
around the world continued to use drainage on a routine
basis untill now. To the best of our knowledge, there is
little information regarding the scientific evidences of
prophylactic drainage placement in gastric cancer surgery.
In this study, we, therefore, aimed at assessing the value of
prophylactic drainage placement in gastric cancer surgery.
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MATERIALS AND METHODS
Patients
One hundred and eight patients (69 males and 39
females; mean age: 55.62 ± 15.67 years), who underwent
subtotal gastrectomy, regardless whether it was radical or
palliative, or D1 or D2 lymph node dissection, at Surgical
Department, Patan Hospital, Kathmandu (Tertiary Care
Hospital) between January 2001 and December 2005 were
enrolled in this study. In the drain group (n = 56), a tube
drain was routinely placed in the right upper quadrant,
while not in the no-drain group (n = 52) (Table 1). During
the post-operative and four-week follow-up period,
surgical outcomes and post-operative complications were
compared between the drain group and no-drain group
(Table 2).
Operative techniques
All surgical procedures were performed by consultant
surgeons in Surgical Department, Patan Hospital, following
the standard guidelines of gastric cancer surgery[17]. The
operative protocols generally consisted of radical or
palliative subtotal gastrectomy (resection of 70%-85%
of the stomach) with D1 or D2 lymph node dissection,
and a distal tumor-free margin of greater than 2 cm and a
proximal tumor-free margin of greater than 6 cm. In the
drain group, a single tube drain (28-F) was placed in the
right upper quadrant via the foramen of Winslow below
the hepatoduodenal ligament.
Post-operative care
Post-operative pain control was achieved by intramuscular
administration of diclofenac (75 mg, bid), and/or
morphine (5-7.5 mg), phenergan (25 mg) as necessary,
followed by oral analgesics when the patients tolerated
liquid. Drains were generally removed when the output
was ascitic or serosanguinous and less than 50 mL in 24 h.
Patients were allowed to sip water generally from the
second or third post-operative day. Liquid diet was started
after confirmation of bowel sound with passage of flatus
and advanced to soft diet when the patients tolerated the
liquid diet for at least 12 h. Patients were discharged from
the hospital after tolerating a soft diet for at least 2 d.
Assessment of surgical outcome
Surgical outcomes were evaluated in terms of operative
time, number of post-operative days until passage of
flatus, number of post-operative days until initiation of
soft diet, length of post-operative hospital stay, postoperative complications and mortality. Post-operative
complications were defined as any adverse event that
required surgical or medical intervention within four
weeks of surgery, and mainly included wound infection,
wound dehiscence, pulmonary infection (pneumonia),
drain-related complications, fever, abdominal distention
and frequent vomiting. Surgical outcomes were compared
between the two groups.
Statistical analysis
Data were expressed as mean ± SD. All statistical analyses
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Table 1 Demographics and clinical characteristics of the patients

n (%)

Characteristics
		

Drain group
(n = 56)

No-drain group
(n = 52)

P value

Age (yr)		
54.34 ± 11.23
57.54 ± 13.45
Sex (male:female)
36:20		
33:19
Tumor stage				
4 (7.14)		
3 (5.76)
ⅠA		
6 (10.71)		
4 (9.61)
ⅠB		
11 (19.64)		
13 (25.00)
Ⅱ		
11 (19.64)		
10 (19.23)
ⅢA		
9 (16.07)		
10 (19.23)
ⅢB		
15 (26.78)		
12 (23.07)
Ⅳ		
Operation type				
Radical		
38 (67.85)		
37 (71.15)
Palliative		
18 (32.14)		
15 (28.84)
LN dissection				
D1		
20 (35.71)		
17 (32.69)
D2		
36 (64.28)		
35 (67.31)

0.859
0.864
0.468

0.284

0.352

Table 2 Comparison of surgical outcomes between the two
groups
Surgical outcomes
		

Drain group
(n = 56)

Operating time (min)
171.4 ± 42
Passage of flatus (POD)
3.67 ± 0.57
Initiation of soft diet (POD) 4.87 ± 0.72
Hospital stay (POD)
9.32 ± 2.21
Complications, n (%)
None
44 (78.57)
Wound infection
4 (7.14)
Pulmonary infection
7 (12.50)
Wound dehiscence
2 (3.57)
Fever
7 (12.50)
Anastomotic leak
1 (1.78)
Others1
8 (10.71)
Drain-related complications 4 (7.14)
Hospital mortality, n (%)
3 (5.35)

No-drain group
(n = 52)

P value

155.6 ± 39
3.52 ± 0.95
4.82 ± 0.84
8.39 ± 2.35
42 (80.76)
4 (7.69)
6 (11.53)
2 (3.84)
6 (11.53)
1 (1.92)
6 (7.69)
0
2 (3.84)

0.096
0.495
0.314
0.402
0.324

0.284

POD: Post-operative days. 1Abdominal distention, nausea, vomiting.

were performed using the SPSS version 13 software (SPSS
Inc., Chicago, IL). Comparisons between the two groups
were performed using Student’s t test for continuous
variables and the Chi-square test for discrete variables. A P
value less than 0.05 was considered statistically significant.

RESULTS
Characteristics of patients
A total of 108 patients (69 males and 39 females; mean
age: 55.62 ± 15.67 years, range: 30-80 years) were included
in this study. There was no significant difference in the
mean age of patients between the two groups (P =
0.859) (Table 1). In addition, no obvious differences were
observed between the both groups in terms of tumor
aggressiveness (tumor stage), surgical procedures and
extent of lymph node dissection (radical or palliative,
D1 or D2 lymph node dissection) (Table 1). Stage Ⅲ
was found to be the most frequent gastric tumor (37.0%,
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40/108), followed by stage Ⅳ (25.0%, 27/108), stage Ⅱ
(22.2%, 24/108) and stageⅠ(15.7%, 17/108), indicating
that a majority of the patients had advanced cancer at the
time of operation (Table 1).
Surgical outcomes
Drains were removed at an average of 5.4 (range: 3-9) d
after surgery. The average amount of output from the
drains was 325 mL (range: 100-700 mL; 60 mL/d) which
was mostly ascitic or serosanguinous fluid (Table 2).
Although the no-drain group had less operating time
(156 ± 39 min vs 171 ± 41 min, P = 0.096) and postoperative hospital stay (8.4 ± 2.4 d vs 9.3 ± 2.2 d, P =
0.402) compared to the drain group, the data did not
reach statistical significance. In addition, no significant
differences were observed between the two groups in
terms of number of post-operative days until passage of
flatus, number of post-operative days until initiation of
soft diet, wound infection rate, wound dehiscence rate,
pulmonary infection rate, fever, abdominal distension,
ascites, and vomiting. Similarly, there was no significant
difference in post-operative in-hospital mortality rate
between the two groups (5.4% vs 3.8%, P = 0.284).
However, there were four drain-related complications
(i.e., omentum coming out through the drain site after
removal of the drain, continuous leakage from the drain
site for more than 3 d, drain site infection). There was one
anastomotic leakage in each group, which was diagnosed
clinically and with the aid of ultrasound.

DISCUSSION
Our data clearly demonstrate that prophylactic drain
placement is not beneficial or may even add to morbidity
or cost of procedure or time and resource consumption
for drain care after subtotal gastrectomy with D1 or D2
dissection. Various studies on the use of prophylactic
drains in other abdominal surger y, such as hepatic
resection, pancreatoduodenectomy, colorectal surgery
have not advocated for prophylactic use of drains
except some special conditions, because post-operative
complications, such as subcutaneous abscess at the drain
site, subcutaneous drain tract tumor recurrence, intraabdominal abscess, collection, or fistula, have been
reported to be caused by drains [8,17-19] . Prophylactic
drainage after gastric surgery is a common practice in
many institutions. Surprisingly, there lack of adequate
studies on the value of prophylactic drainage after gastric
surgery, despite gastric surgery constitutes a significant
part of GI surgery. Thus, for subtotal gastrectomies,
the value of prophylactic drainage remains unclear, and
there is little information regarding the evidence-based
recommendations for prophylactic drainage in these
procedures. Therefore, we aimed at highlighting evidencebased values of prophylactic drainage after subtotal
gastrectomy for gastric cancer.
Despite the controversies whether the post-operative
complications after gastric cancer surgery are indeed
associated with the extent of lymph node dissection, the
current incidence of severe post-operative complications,
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such as anastomotic leakage, is extremely low[10]. Similarly,
we found a low incidence of post-operative complications
in our study, showing no significant difference in the
incidence of severe post-operative complications between
the drain group and no-drain group, which is in agreement
with a recent study by Kim et al[20]. In contrast, the majority
of the patients in this study had advanced cancer at the
time of surgery. In this study, there were a total of five
post-operative in-hospital mortalities. Interestingly, all
cases, irrespective of their age, had advanced gastric cancer
(stage Ⅳ = 4 and stage Ⅲ = 1), suggesting that tumor
aggressiveness, not age, might be associated with postoperative in-hospital mortality.
Some surgeons experienced a high risk of pancreasrelated complications after gastrectomy with D2 or more
extended lymph node dissection, thereby suggesting
prophylactic drainage placement in gastric cancer surgery
to avoid a re-operation[21]. Moreover, some surgeons believe
that prophylactic use of drains gives early information
about anastomotic leakage, intra-abdominal bleeding,
etc. However, some authors believed that drainage of the
peritoneal cavity is impossible and, therefore, prophylactic
drainage is useless[14,15]. In our series of patients, we found
a very low incidence of anastomotic leakage (1.8%, 2/108);
one in each group, which was suspected clinically and
confirmed after re-exploration. Besides drainage output,
anastomotic leakage can be diagnosed by radiological and
clinical findings, such as features of peritonitis. It has been
reported that interventional radiology-guided drainage
has remarkably reduced the number of laparotomies for
surgical complications, thereby supporting abdominal
surgery without the prophylactic use of drains[22].
In this study, we found no obvious differences in
number of post-operative days until passage of flatus
and until initiation of soft diet, and length of postoperative hospital stay between the two groups, which
are in agreement with a previous study[20]. Moreover, we
did not observe any significant difference in operating
time between the two groups, which is in contrast with a
prospective study by Kim et al[20], who reported significantly
longer operating time in the drain group. A recent study
demonstrated that morbidity and postoperative hospital
stay were statistically higher in the drain group of patients
with total gastrectomy[8].
It is important to note that there have been reported
data showing drain-related complications, such as fistula,
drain site infection and pain, in abdominal surgery[17,18].
Similarly, we also found some drain-related complications,
such as omentum came out through the drain site after
removal of the drain, and continuous ascitic fluid leakage
from the drain site for more than 3 d.
Several well-constructed, prospective studies failed to show
any benefit from surgically placed closed suction drainage[8,9].
After a variety of intra-abdominal procedures, such as
colorectal resection[7,23,24], closure of perforated duodenal
ulceration[6], open or laparoscopic cholecystectomy[4,25],
radical hysterectomy and pelvic lymphadenectomy [26],
or retroperitoneal lymphadenectomy[5], there appears to
be no statistical difference in the rate of complications
between patients who are drained and those who are
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not, suggesting at best that routine placement of intraperitoneal drains is unnecessary. In fact, many of the
studies imply that peritoneal drainage may be associated
with adverse effects[8,9].
In conclusion, based on these results, our study
suggests that prophylactic drainage placement after
subtotal gastrectomy is not necessary since it does not
offer additional benefits for the patients undergoing
subtotal gastrectomy regardless of D1 or D2 lymph node
dissection and radical or palliative resection.
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Abstract
AIM: To investigate whether anti-H pylori antibodies
have cross-reaction with antigens of erythrocyte
membrane.
METHODS: Blood samples were collected from 14
volunteers (8 positive and 6 negative for H pylori
13
detected by C-urea breath test) of the general
population. Erythrocyte membrane proteins of the
subjects were examined by Western blot using antiH pylori serum. The proteins related to the positive
bands were identified by mass spectrum analysis.
RESULTS: Anti-H pylori antibodies had cross-reaction
with the proteins of about 50 kDa of erythrocyte
membranes in all samples independent of H pylori
infection. One protein in the positive band was identified
as Chain S, the crystal structure of the cytoplasmic
domain of human erythrocyte Band-3 protein.
CONCLUSION: Anti-H pylori antibodies cross-react with
some antigens of human erythrocyte membrane, which
may provide a clue for the relationship between H pylori
infection and vascular disorders.
© 2007 WJG . All rights reserved.
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INTRODUCTION
H pylori, first isolated by Marshall and Warren[1], a gramnegative spiral bacterium, colonizing in gastric mucosa,
is notorious for causing chronic infections and has been
linked to various gastric diseases such as chronic gastritis,
peptic ulcer, gastric mucosa-associated lymphoid tissue
lymphoma and gastric cancer[2-4]. In recent years, infection
by H pylori has been linked to extradigestive pathologies
including ischemic cardiac and cerebral diseases. Many
seroepidemiological studies revealed the relationship
between H pylori and vascular disorders[5,6] even though
the prevalence of positive findings varied widely between
studies and not all studies reported positive results [7-9].
However, the exact nature of the association is not
completely elucidated.
Several investigations revealed that heat shock proteins
(HSPs) of H pylori are extremely homologous with HSPs
of humans[10], the O-side chain of the lipopolysaccharide
(LPS) of a number of H pylori strains is structurally similar
to the Lewis histo-blood group antigens [11], anti-CagA
antibodies cross-reacted with antigens of blood vessels[12].
All these imply that autoimmunity might take part in
pathomechanisms of H pylori.
The changes of erythrocytes affect the whole blood
viscosity, which contributes importantly to thrombosis
and atherosclerosis (AS). Our previous studies found that
anti-H pylori serum reacted with parts of erythrocytes and
endothelial cells of heart valves using immunohistochemical
method [13,14] . But it remains unknown which antigen
resulted in these positive reactions. The present study was
aimed to investigate whether the proteins of erythrocyte
membrane cross-react with anti-H pylori by Western blot
assay and to identify the special proteins by mass-spectrum
assay in an effort to provide a clue for pathogenic link
between H pylori infection and vascular disorders.

MATERIALS AND METHODS
Blood samples
Fresh blood samples were collected from 14 subjects
from the general population whose results of 13C-urea
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Table 1 General data about the subjects
Subject No.
1
Gender
Age (yr)
13
C -UBT (DOB)

F
27
40.93

2

3

4

5

6

7

8

9

10

11

12

13

14

F
45
+

M
44
8.48

M
44
+

F
31
+

M
49
8.81

M
32
11.23

F
42
+

F
47
10.33

M
42
23.08

M
34
+

M
45
+

F
28
25.10

F
30
38.71

F: female; M: male; +: UBT positive.

breath test (13C-UBT) were supplied by Chinese People’s
Liberation Army General Hospital. The kit for 13C-UBT
was provided by Altachem Pharma Ltd. Current infection
of H pylori was confirmed by a value of 13C-UBT greater
than 4. General data about the subjects are shown in
Table 1. Informed consents were obtained from all the
volunteers before 13C-UBT and blood sampling.

the normal serum with the proteins on PVDF membranes,
the normal serum (pre-immunization serum) of the same
rabbits was used as control for another part of membranes
with the same samples. Other steps were performed
according to the Western blot assay. The second antibody,
goat anti-rabbit IgG AP conjugate and AP substrates were
from Vector.

Extraction of erythrocyte membrane proteins
Fresh blood collected from the subjects were mixed
with heparin as anti-coagulant. The erythrocytes were
separated by centrifugation at 1230 × g and were lysed
with deionized water and then centrifuged at 12 000 × g
for 20 min at 4℃. The pellets were washed in three
volumes of cold phosphate buffer at 5 mmol/L, pH
8.0, containing 1 mmol/L EDTA and 1 mmol/L PMSF
(Sigma) 6 times until the membranes were white and then
were resuspended in the same buffer and centrifuged at
30 000 × g for 1 h at 4℃. The pellets were frozen at -80℃
and dried at -56℃ in cold vacuum. The membranes were
resuspended in the 2-DE lysis buffer cocktail consisting
of 7 mol/L urea, 2 mol/L thiourea, 10 g/L DTT, and
40 g/L CHAPS at 4℃ for 2 h, then ultrasonicated on
ice. The concentration of proteins in each sample was
6-12 g/L determined by Bradford protein assay[15]. The
whole proteins of H pylori NCTC11637 were extracted
as positive. All reagents in 2-DE lysis buffer were bought
from Amersham.

Excision of protein bands and in-gel reduction, alkylation
and trypsin digestion of proteins
The blots incubated in anti-H pylori serum were compared
with the others of the same sample incubated in normal
serum to find out the different reacted bands. The samples
were chosen according to different bands and SDS-PAGE
was performed and the gel was stained with Coomassie
blue-R250 dye. The bands in the SDS-PAGE gel in
accordance with different reacted ones in Western blot
were excised, and in-gel reduction, alkylation and trypsin
digestion was performed according to EMBL protocol
(http://www.proteomics.com.cn/paper/InGel.html).
Briefly, after a washing step, gel particles were reduced with
DTT and alkylated with iodoacetamide. A second washing
was performed before overnight digestion with 3 μ L
(40 mg/L) trypsin (Sigma). The resulting peptides were
extracted with 500 mL/L ACN and 50 mL/L TFA and
dried in a cold vacuum.

Reactivity of anti-H pylori serum with erythrocyte
membrane proteins by Western blot
SDS-PAGE was performed using a Bio-Rad Mini-Protean
3 electrophoresis cell. Approximately 120 μg of membrane
proteins were parallelly loaded into two wells of 10%
SDS-polyacrylamide minigel, 60 μg per well. Thirty μg of
whole proteins of H pylori NCTC11637 as positive control
and 5 μL prestained molecular weight standards marker
(Fermantas) were also respectively loaded in two wells per gel.
Proteins were transferred to a PVDF membrane
(Amersham) using Bio-Rad Semi-Dry transfer unit.
Blocking was performed overnight at 4℃ in blocking
buffer (TBS containing 50 g/L BSA). The membrane was
bisected and one part was incubated with the primary
antibody, rabbit anti-H pylori NCTC11637 serum (from
immunized rabbits with H pylori NCTC11637, the animals
were provided by Vital River Laboratories Co. Ltd. and
raised by the Department of Laboratory Animal Science,
Peking University Health Science Center) for 2 h at room
temperate (RT). To exclude the color reaction resulting
from the direct conjugation of the second antibody and

Mass spectrometric (MS) analyses of tryptic peptides and
identification of proteins
The digested samples were mixed with a saturated matrix
solution (1:1) (α-cyano-4-hydroxycinnamic acid prepared
in 500 mL/L acetonitrile and 1 mL/L formic acid). All
mass spectra were obtained on a 4700 Proteomics analyzer
with TOF/TOF optics (Applied Biosystems, Foster City,
CA, USA) in the positive ion reflector mode with a mass
accuracy of about 50 ppm. The MALDI tandem mass
spectrometer used a 200 Hz frequency-tripled Nd:YAG
laser operating at a wavelength of 355 nm. MS spectra
were obtained between Mr 800 and 4000 with ca. 1000
laser shots. MS/MS spectra were acquired with 2000 laser
shots using air as the collision gas. The singly charged
peaks were analyzed using an interpretation method
present in instrument software, where the five most
intense peaks were selected and MS/MS spectra were
generated automatically, excluding those from the matrix,
due to trypsin autolysis peaks. Spectra were processed and
analyzed by the Global Protein Server Workstation (Applied
Biosystems, Foster City, CA, USA), which uses internal
Mascot v2.0 software(Matrix Science, UK) for searching
the peptide mass fingerprints and MS/MS data. Searches
www.wjgnet.com
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Figure 1 Anti-H pylori serum immunoreacted with erythrocyte membrane proteins in Western blot. A: incubated with anti-H pylori serum of rabbit; B: incubated with normal
serum of rabbit. 01-07: the number of erythrocyte membrane protein samples. Hp: H pylori NCTC11637; M: prestained molecular weight standards marker.
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Figure 2 SDS-PAGE of erythrocyte membrane proteins. 03,02,08: the code of
erythrocyte membrane protein samples. M: prestained molecular weight standards
marker.

were performed against the NCBI non-redundant protein
database (updated 18 November 2005). Identifications
with a GPS confidence interval of greater than 95% were
accepted.

RESULTS
Reactivities of anti-H pylori serum with erythrocyte
membrane proteins
Both normal rabbit serum and anti-H pylori serum showed
immunoreactivities with the membrane proteins of about
110 kDa, 55 kDa, 51kDa, 50 kDa, 40 kDa and 27 kDa
of all erythrocytes. However, anti-H pylori serum specially
recognized antigens of about 50 kDa (marked as band
Y in Figure 1) from erythrocytes compared with the
normal serum. Remarkably, this feature existed not only in
H pylori + subjects (No. 01, 03, 06, 07, 09, 10, 13, 14) but
also in H pylori - subjects (No. 02, 04, 05, 08, 11, 12). The
immunoreactivity of another band (marked as band X in
Figure 1) with anti-H pylori serum was weaker than that
with normal serum.
Identification of specific proteins
There were 17-18 bands in the SDS-PAGE 10% gel of
www.wjgnet.com

erythrocyte membrane protein sample (Figure 2). The
special band of about 50 kDa and another one closely
above it (respectively marked as band Y and band X in
Figure 2) corresponding to the specially reacted bands
in Western blot were faintly stained. Five proteins were
identified in the two bands, 4 in band X and 1 in band Y
(Table 2).

DISCUSSION
The pathogenesis of ischemic vascular diseases is
multifactorial. AS and thrombosis, the principle basis
of ischemic vascular disease, determine the occurrence
of ischemic events. However, many AS patients lack
traditional risk factors, suggesting that other mechanisms
may be involved in the AS development[16,17]. In recent
years, more attention has been paid to the relationship
between infection and ischemic diseases[16,18,19].
Several studies indicated the association between
H pylori infection and ischemic vascular disease especially
when the CagA + strain was involved [5,6], although the
results are currently being debated[7-9]. By now, most studies
have been based on seroepidemiology and nonspecific
systemic inflammation. The exact mechanisms by which
H pylori infection contributes to the progression of
vascular disorders have not been elucidated.
The molecular mimicry between elements of H pylori
and those of host cells[10,11] provides clues for autoimmunity
as one of the candidate pathopoiesis. Franceschi and his
colleagues[12] reported that anti-CagA antibodies crossreacted with antigens of both normal and atherosclerotic
blood vessels by immunohistochemistry and anti-CagA
antibodies also specifically immunoprecipitated two
antigens of 160 and 180 kDa from both normal and
atherosclerotic artery lysates. The authors speculated
that the immunoprecipitated proteins were not CagA of
H pylori but vascular elements because the two antigens
were different from CagA (about 116-140 kDa) in
molecular weight. The reactivity detected in vessels
with anti-CagA antibodies was caused by the mimicking
vascular antigens. We think this speculation reasonable.
However, the two antigens were not identified. Moreover,
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Table 2 List of proteins identified from the special bands in Figure 2
Band code

Protein name (source)

Accession No.

Protein score

Protein acore CI%

Protein MW

Protein PI

X

Flotillin 1 (Sus scrofa)
Flotillin 1 (Macaca mulatta)
Flotillin 1 variant (Homo sapiens)
Predicted: similar to flotillin-1 isoform 5 (Canis familiaris)

gi|41529176
gi|55700801
gi|62896619
gi|73972134

88
87
87
84

99.560
99.433
99.378
98.640

47 325.6
47 383.6
47 324.6
34 070.7

7.66
6.71
8.18
8.52

Y

Chain S, crystal structure of the cytoplasmic domain
of human erythrocyte Band-3 protein (Homo sapiens)

gi|14277742

93

99.861

42 509.3

4.49

the difficulty in obtaining vascular tissue makes the
investigation in the relationship between vascular
endothelium and H pylori infection unfruitful.
Erythrocyte is one of most important factors affecting
hemodynamics. Its membranes can be easily isolated
in large quantities and many blood group antigens are
expressed not only on the surface of blood cells but also
on vascular endothelial cells. Thus, we chose erythrocyte to
investigate the cross-reaction of human plasma membrane
and anti-H pylori antibodies. Our previous study showed
that anti-H pylori serum reacted with erythrocytes by
immunohistochemical method[13]. But we did not know
which elements resulted in the immunoreaction and
whether the elements belong to erythrocytes or to H pylori.
In the present investigation, antigens of about 50 kDa
from erythrocyte membrane strongly immunoreacted with
anti-H pylori serum rather than normal serum in all 14
samples (Figure 1). This feature did not depend on current
infection of H pylori. Therefore, we speculate the reacted
antigens are not elements of H pylori but the mimicking
erythrocyte antigens. The results of mass spectrum assay
confirmed our speculation. One protein was identified as
Chain S, the crystal structure of the cytoplasmic domain
of human erythrocyte Band-3 protein (Mr 42.5 kDa) in the
special band (band Y in Figure 2).
Band 3 protein is the most abundant transmembrane
protein to maintain the normal metabolism and function
of human erythrocyte. This protein of about 95-100 kDa
has two domains. The N-terminal domain of about 40 kDa
is located within the cytoplasm and participates in signal
transmission across membranes and other functions such
as growth, differentiation and interaction of cellules, while
the C-terminal of 55 kDa domain is membrane-associated
and mediates the exchange transportation of anions Cl-/
HCO3- across the erythrocyte membrane[20,21]. In this study,
the two antigens of 160 and 180 kDa mimicking with
CagA were not found possibly because of the diversity of
erythrocytes and vascular cells.
We consider that antibodies against H pylori may not
contact with cytoplasmic domain of Band 3 of normal
erythrocyte. However, oxygen free radicals and systemic
inflammation caused by acute or chronic infection could
damage erythrocyte membrane leading to the decrease of
erythrocyte deformability, increase of erythrocyte fragility
and elevation of erythrocyte aggregation index. Some
authors reported these changes in several ischemic cardiac
disease patients with H pylori infection[22]. The impaired
erythrocytes might be easier to be disrupted, inducing
internal antigens (including the cytoplasmic domain of
Band 3 protein) to be exposed to circulating antibodies.

Then anti-H pylori antibodies could bind the exposed
antigens and cause inflammatory cell activation, which
might be associated with the changes of hemorheology
and hemodynamics, plaque ag gregation, thrombus
formation and atherogenesis leading to ischemic events.
In band X (Figure 2), 4 proteins were identified, which
were considered to be flotillin 1 variants according to
their resource and molecular weight. The reason why the
reaction of the band X incubated with normal serum was
stronger than with anti-H pylori serum is being investigated.
The protein that cross-reacted with anti-H pylori
antibodies probably is another one that we could not
identify due to its trace quantity and the limit of separation
ability of SDS-PAGE. Nevertheless, our study provides
an experimental evidence of molecular mimicry between
H pylori antigens and erythrocyte membrane proteins. The
results support the hypothesis that autoimmunity induced
by H pylori infection plays an important role not only in
vascular disorders but also in various extragastric diseases.
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Abstract
AIM: To establish the role of human T Cell Factor-4
(hTCF-4) gene exons 3-9 mutation status in association
with sporadic rectal cancer with microsatellite instability
(MSI).
METHODS: Microsatellite markers were genotyped in 93
sporadic rectal cancer patients. Eleven cases were found
to be high-frequency MSI (MSI-H). Sequence analysis
of the coding region of the exons 3-9 of hTCF-4 gene
was carried out for the 11 MSI-H cases and 10 controls
(5 microsatellite stability (MSS) cases and 5 cases with
normal mucosa). The sequencing and MSI identification
were used.
RESULTS: Several novel mutations and variants were
revealed. In exon 4, one is a 4-position continuous
alteration which caused amino acid change from
Q131T and S132I (391insA, 392 G > A, 393 A > G and
395delC) and another nucleotide deletion (395delC) is
present in MSI-H cases (5/10 and 4/10, respectively) but
completely absent in the controls.

CONCLUSION: Novel mutations in exon 4 of hTCF-4
gene were revealed in this study, which might be of
importance in the pathogenesis of sporadic rectal cancer
patients with MSI-H.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Colorectal cancer is the second leading cause of cancer
related deaths in the Western world. It is the third leading
cause of cancer deaths and tends to increase in China. The
mechanism of the malignant transformation of colorectal
cells is far from being clearly understood. Involvement
of the Wnt signaling pathway, also called the APC/
β-catenin/TCF pathway, has been demonstrated notably
in colorectal cancers. Wnts act by stabilizing cellular
levels of the transcriptional coactivator β-catenin, which
forms complexes with sequence-specific DNA binding
T cell factor/lymphocyte enhanced factor (TCF/LEF)
transcription factors. In the absence of nuclear β-catenin,
TCF/LEFs act as transcriptional repressors by recruiting
proteins such as Groucho/Transducin-like enhancer-ofsplit (TLE), and COOH-terminal-binding protein (CtBP).
Upon Wnt activation, the binding of β-catenin to TCFs
generates a bipartite transcription factor, in which TCFs
provides the DNA binding domain and the C terminus of
β-catenin provides the transactivation domain, therefore
inducing a transcriptional switch. However, the molecular
basis of the switch from transcriptional repression to
activation during Wnt signaling is still not clear.
TCF-4 (also known as TCF7L2) is a sequence-specific
transcriptional factor, whose functions of the downstream
www.wjgnet.com
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effectors of Wnt/β-catenin signals are similar to the other
human TCF proteins (TCF-1, TCF-2/LEF-1, and TCF-3)
TCF-4 is the most intensively expressed member of the
TCF/LEF gene family in normal colonic tissues. In the
TCF-4 gene, three major domains are present: β-cateninbinding domain in exon 1, the DNA-binding HMG boxes
in exon 10 and 11, and the COOH-terminal-binding
domain in exon 17[1,2]. The human TCF-4 (hTCF-4) gene
was reported to be one of the targets of microsatellite
instability (MSI) in colorectal cancers. Recently, in
colorectal cancer with high-frequency MSI (MSI-H),
frequent frameshift mutations involved in hTCF-4
exon 17 have been found to modulate transcriptional
activity through the truncation at the COOH-terminal
region[3,4]. However, Ruckert et al[5] found that mutations
in the A9 repeat of hTCF-4 exon 17 do not contribute to
tumorigenesis. The hTCF-4 protein has been shown to
repress transcription by recruiting corepressor proteins
not only CtBP, but also Groucho/TLE[6]. A major advance
in explaining how TCFs repress transcription followed
the discovery that Groucho/TLE is a specific binding
partner of TCFs. Binding occurs between the Q-domain
of Groucho and a conserved region in TCFs between
the β-catenin binding domain and the HMG box[7]. The
conserved region was encoded by exons 3-9. Therefore,
whether mutations of the region interfere with binding to
Groucho/TLE family proteins remains to be elucidated.
To gain insight into the molecular basis of rectal cancer, we
have screened hTCF-4 mutations in human rectal tumors
in exons 3-9. The up-to-date methods of sequencing
and MSI identification were used. The data showed that
novel mutations in exon 4 of hTCF-4 gene might be of
importance in the pathogenesis of sporadic rectal cancer
patients with MSI-H.

MATERIALS AND METHODS
Patients
One hundred and two patients from Chinese Han
population who underwent surgical resection for sporadic
rectal cancer at West China Hospital of Sichuan University
(Sichuan, China) from 2002 to 2005 were included in
the study. All cases were deemed sporadic, based on
the absence of relevant family histories as recorded
prospectively at initial patient interview. Patients who
were suspected clinically to have HNPCC fulfilling
the Amsterdam Ⅰ/Ⅱ[8] or Bethesda criteria [9] were
excluded. Patients treated by preoperative radiotherapy or
chemotherapy were also excluded. Of 102 cases, 9 were
excluded because of tissue unavailability, resulting in a
total of 93 eligible cases. Tumor histotype and grading
were defined according to the recommendations of the
World Health Organization for the histological typing
of colorectal cancer[10]. All cases were staged using the
6th edition of the American Joint Committee on Cancer
(AJCC) Staging Manual[11]. Informed consent was provided
by all subjects, and approval was obtained from the
Regional Ethics Committee.
Nucleic acid extraction
Samples of tumor tissues and of normal mucosa were
www.wjgnet.com
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frozen immediately after surgery in liquid nitrogen and
stored at -80℃ until analysis. Before DNA extraction, the
presence of adequate neoplastic material (at least 60%-70%
of tumor cells) was verified by microscopic examination.
Genomic DNAs of tumor and corresponding normal
mucosa were extracted by a standard phenol-chloroform
procedure. Total RNA was extracted from each subject
using Trizol (Invitrogen Co., Ltd) method. Total RNA of
each sample was dissolved in RNase-free water and stored
in the refrigerator at -80℃ before use. The concentration
of DNA and RNA was determined by spectrophotometer,
and their integrity was checked by each gel electrophoresis.
Detection of MSI
Primers used to amplify simple sequence repeat markers
were obtained from Life Technologies (TaKaRa, Dalian,
China). MSI was studied at five loci recommended by
a National Cancer Institute workshop on MSI (BAT25,
BAT26, D2S123, D5S346 and D17S250) [12]. All primer
sequences were as reported in Genome DataBase (GDB;
http://www.gdb.org). Lesions were characterized as
MSI-H if they manifested instability at two or more of
the five loci in tumor DNA, and as microsatellite stability
(MSS) if showing no instability at any loci when compared
with normal DNA. For each marker analysis, PCR was
carried out as previously described[13]. Electrophoreses
of the amplified PCR products were performed in 2%
agarose gels containing goldview in Tris-Borate EDTA
buffer. Gels were examined using an UV transilluminator
and verified as a single band. Electrophoresis of PCR
products was separated on a 6% denaturing polyacrylamide
gel containing 8 M urea. Gels were stained with silver salts
according to Sanguinetti et al[14]. Experiments to ascertain
MSI were done independently two to three times for each
genetic locus. Through detection of MSI, 11 cancers
demonstrating MSI-H and 10 controls (5 MSS and 5 with
normal mucosa) were included for mutation analysis.
Amplifications of exons 3-9 of hTCF-4
Screening for hTCF-4 exons 3-9 mutations was performed
by RT-PCR of total RNA. Two-step methods were
adopted. Reverse transcription conditions for all PCRs
were optimized on iCycler iQ (Bio-Rad, USA) and
the optimum annealing temperature was 53.1℃. The
following iCycler iQ run protocol was used: denaturation
p r o g r a m ( 9 5℃, 5 m i n ) , a m p l i f i c a t i o n p r o g r a m s
repeated 50 times (95℃ for 20 s, 53.1℃ for 30 s and
72℃ for 30 s). The first half of the exons 3-9 was
amplified using F1 (5’CGCCAACGACGAACTGAT3’)
and R1 (5’GCACCACTGGCACTTTGT3’) primers,
whereas the second half was amplified using F2 (5’
AT G A A AT G G C C AC T G C T T G A 3 ’ ) a n d R 2 ( 5 ’
CCTTTTTGGAGTCCTGATGCT3’) primers. The
annealing temperature was 56℃ and 58℃, respectively.
Presence of all sequence variants was confirmed by
perfor ming three independent PCR reactions and
subsequent DNA sequencing. In addition, amplification
for hTCF-4 exon 4 was performed by PCR of genomic
DNA. The primers and conditions were used according to
Duval et al[15]. For PCR reaction, a tube without template
DNA served as a negative control.
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Table 1 Sequence analysis of hTCF-4 exons 3-9 in sporadic
rectal cancer patients with MSI-H and controls

39linsA 392G 393A 395delC

Mutation 1
T
T
   C

A

G

T

←

Frequency

C

G

G

C

A G

Exon

Nucleotide
change

Amino acid
change

Mutation
type

4

4-position
continuous
alteration1
395delC
450 G > C
868 G > A

Q131T
S132I
Q150H
V290M

Missense
Frameshift
Missense
Missense

4
4
8

C

395delC

Patients
Controls
(n = 10) (n = 10)

5
4
1
2

0
0
0
0

1

4-position continuous alteration refers to the mutation (391insA, 392 G > A,
393 A > G and 395delC).

Mutation 2
T
T
C

Table 2 Clinical details of 10 MSI-H rectal cancer patients
A

G

  T

C

C

G

G

C

A

G

C

Wild-type

Figure 1 Sequencing analysis of mutated hTCF-4 exon 4. Sequence
chromatograms at the beginning of the exon 4: mutation 1 (391insA, 392 G > A,
393 A > G and 395delC) representing an amino acid change of Q131T and S132I
and mutation 2 (395delC) altering reading frame and stopping after incorporating
22 amino acid. The arrow indicates the location of changes.

Direct DNA sequencing
Electrophoreses of the amplified products were
performed in 2% agarose gels containing goldview in TrisBorate EDTA buffer. Amplicons were purified by solution
extraction and bidirectional sequencing using an ABI
Prism 377 DNA sequencer.
In silico analysis
To determine the potential deleterious effect of the amino
acid changes, we used SIFT (http://blocks.fhcrc. org/sift/
SIFT.html). The SIFT software uses the protein sequence
similarity of different species and the hydrophobic
characteristics of amino acids to calculate the probability
of the deleterious effect of specific amino acid variants[16].
Scores lower than 0.05 suggest a potential pathogenic
amino acid substitution.

RESULTS
A total of 11 cases demonstrated MSI-H using markers
recommended by a National Cancer Institute workshop
by PCR amplification from 93 sporadic rectal cancer
patients in our study. Sequencing data collection and
analysis were successfully performed for the hTCF-4 gene
(exons 3-9) in these MSI-H cases (n = 10) and controls
(n = 10) except for one MSI-H case. This study revealed
several novel mutations and sequence variants between
exons 3-9. The sequence at the beginning of exon 4

Case
No.

Age
(yr)

Sex

Size
(mm)

Pathology

TNM
stage

CEA
(ng/mL)

1
2
3
4
5
6
7
8
9
10

54
28
68
49
51
36
71
47
54
54

F
F
F
F
M
M
F
M
M
M

20
50
60
40
40
100
40
40
80
80

Mucinous
Mucinous
Mucinous
Mucinous
Unmucinous
Mucinous
Unmucinous
Unmucinous
Unmucinous
Unmucinous

Ⅰ
Ⅳ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅰ
Ⅲ
Ⅱ
Ⅲ

1.55
310.5
3.47
1.6
10.11
6.37
3.53
4.96
4.3
5.8

showed a TACGATCG repeat, which was present in 5 of
MSI-H cases but not in the controls, as shown in Figure 1
and Table 1. Sequencing of exon 4 revealed a deletion
of cytosine at 395 (395delC) which was only found in 4
MSI-H cases without above-mentioned mutation. Genetic
and clinical details of these 4 cases are given in Tables 1
and 2, respectively.
In addition, there was a missense mutation (450 G >
C) in exon 4 in one MSI-H case, resulting in transition of
Glutamine to Histidine (Q150H) when translated. Finally,
a change of 868 G to A, leading to a V290M amino acid
change, was observed in exon 8 in two MSI-H cases. These
novel variants were not present in any of the controls
either. SIFT software suggested no potential deleterious
effect of the two amino acid changes. No mutation was
observed in other exons. The mutation (C to T) at the
nucleotide 35 of exon 4 detected by DGGE only in the
SW48 cell line was not observed in our study[15].

DISCUSSION
A link was previously established between hTCFs and
Wnt signaling, a pathway that plays a crucial role in
many developmental processes as well as in human
carcinogenesis[1]. Although it is well established that the
formation of nuclear β-catenin/TCF complexes plays a
pivotal role in the activation of Wnt target genes, the exact
mechanisms of transcriptional activation and regulation are
still under investigation[17,18]. Duval et al[2] reported frequent
frameshift alterations in an A 9 coding repeat localized
in exon 17 of hTCF-4 in MSI-H colorectal cancers and
www.wjgnet.com
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the main consequence of such a mutation was to change
hTCF-4 transactivating properties by modifying the
respective proportions of the different isoforms containing
CtBP binding domains. However, Ruckert et al[5] found that
the mutations do not contribute to tumorigenesis. Thus,
the question is if mutations of the Groucho/TLE binding
domain encoded by exons 3-9 interfere with binding to
Groucho/TLE family proteins and remove the repressive
effect of Groucho/TLE proteins. To our knowledge, there
has been no report on it.
Sequencing da ta co llecti o n a n d a n a l ysis wer e
successfully performed for the hTCF-4 gene (exons 3-9)
in these MSI-H cases (n = 10) and controls (n = 10)
except for one MSI-H case. This study revealed several
novel mutations and sequence variants between exons
3-9. The sequence at the beginning of exon 4 showed
a TACGATCG repeat which did not match perfectly
to the TCAGTCCG repeat in the previously published
hTCF-4 mRNA sequence [15]. Although an explanation
regarding the apparent discrepancy is not forthcoming, the
determinacy of this sequence variant may be supported
by the following: Firstly, the sequence was confirmed by
repetition of three independent PCR and sequencing
reactions, including sequencing in reverse direction.
Secondly, the sequence variant was present in 5 MSI-H
cases but not in the controls. Sequence alignments have
shown that although the 4-position continuous alteration
(391insA, 392 G > A, 393 A > G and 395delC) did not
alter the whole reading frame, the change from a Serine to
a highly hydrophobic Isoleucine (S132I) is likely to have
any functional relevance.
Another finding in this study was that a novel mutation
could be implicated in the rectal cancer pathogenesis.
Sequencing of exon 4 revealed a deletion of cytosine
at 395 (395delC) only in 4 MSI-H cases without abovementioned mutation. The absence of this 394delC in
the controls suggests a potential pathogenic effect. The
394delC altered reading frame and 22 amino-acid peptides
are encoded instead of a full-length protein. Therefore,
the mutation in hTCF-4 exon 4 may modulate the switch
status through the truncation between the β -catenin
binding domain and the HMG box DNA-binding region
(Groucho/TLE binding domain) of the hTCF-4 protein,
which suggests this mechanism could be of functional
significance for regulating hTCF-4 transcriptional activity.
Except for this mutation associated with female and
mucinous caricinoma patients (P < 0.05) (data not shown),
no other clinicopathological features (such as age at
diagnosis, tumor size, TNM stage, level of preoperative
serum CEA and differentiation) could be identified in
these 4 patients associated with mutation 395delC. We
infer that the upstream of exon 4 is an unstable area so
that it is subjected to mutations, which may be one of the
mechanisms of the tendency to be truncated in colorectal
tumors. This indicates that these novel mutations in exon
4 of hTCF-4 gene revealed in the study, might be of
importance in the pathogenesis of sporadic rectal cancer
patients with MSI-H.
In conclusion, this study provides important evidence
for novel mutations and sequence variants in association
with the pathogenesis of sporadic rectal cancer with
www.wjgnet.com
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MSI-H. T hese sequence variants in Chinese Han
population indicates the diversity of human library and the
complexity of rectal carcinogenesis. Further confirmatory
studies on the spectrum, prevalence rates, and functional
effect of sequence variants in the exons 3-9 of hTCF-4
gene, in particular exon 4, in other populations should
further demonstrate the true contribution of this gene to
colorectal carcinogenesis.
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COMMENTS
Background

A link was previously established between hTCFs and Wnt signaling which plays a
crucial role in many developmental processes as well as in human carcinogenesis.
Although it is well established that the formation of nuclear β-catenin/TCF
complexes plays a pivotal role in the activation of Wnt target genes, the exact
mechanisms of transcriptional activation and regulation are still under investigation.
Recently, in colorectal cancer with MSI-H, frequent frameshift mutations involved
in hTCF-4 exon 17 have been reported to modulate transcriptional activity through
the truncation at the COOH-terminal region. However, Ruckert et al. found that the
mutations do not contribute to tumorigenesis. Thus, the question is if mutations
of the Groucho/TLE binding domain encoded by exons 3-9 interfere with binding
to Groucho/TLE family proteins and remove the repressive effect of Groucho/TLE
proteins. We have screened for hTCF-4 mutations in human rectal tumors in
exons 3-9.

Research frontiers

The mechanism of colorectal cancer is far from being clearly understood.
Involvement of the Wnt signaling pathway has been demonstrated notably in
colorectal cancers. Wnts act by stabilizing cellular levels of the transcriptional
coactivator β-catenin, which forms complexes with sequence-specific DNA binding
TCF/LEF transcription factors. However, the molecular basis of the switch from
transcriptional repression to activation during Wnt signaling is not clear. TCF-4 is
sequence-specific HMG box transcriptional factors that function as the downstream
effectors of Wnt/β-catenin signals. TCF-4 is the most intensively expressed
member of the TCF/LEF gene family in normal colonic tissue. The hTCF-4 gene
was reported to be one of the targets of MSI in colorectal cancers. Recently, in
colorectal cancer with MSI-H, frequent frameshift mutations involved in hTCF-4
exon 17 have been found to modulate transcriptional activity through the truncation
at the COOH-terminal region. However, Ruckert et al found that mutations in the
A9 repeat of hTCF-4 exon 17 do not contribute to tumorigenesis. The hTCF-4
protein has been shown to repress transcription by recruiting corepressor proteins
not only CtBP, but also Groucho/TLE. A major advance in explaining how TCFs
repress transcription followed the discovery that Groucho/TLE is a specific binding
partner of TCFs. Binding occurs in a conserved region in TCFs encoded by exons
3-9. Therefore, whether mutations of the region interfere with binding to Groucho/
TLE family proteins remain to be elucidated.

Innovations and breakthroughs

The mutation in hTCF-4 exon 4 may modulate the switch status through the
truncation Groucho/TLE binding domain of the hTCF-4 protein, which suggest this
mechanism could be of functional significance for regulating hTCF-4 transcriptional
activity. We infer that the upstream of exon 4 is an unstable area so that it is
subjected to mutations, which may be one of the mechanisms of the tendency
to be truncated in colorectal tumors. This indicates that these novel mutations
in exon 4 of hTCF-4 gene revealed in the study, might be of importance in the
pathogenesis of sporadic rectal cancer patients with MSI-H.

Applications

This present study provides an important evidence for novel mutations and
sequence variants in association with the pathogenesis of sporadic rectal cancer
with MSI-H. These sequence variants in Chinese Han population indicate the
diversity of human library and the complexity of rectal carcinogensis.
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This is an interesting study investigating the possible association between TCF-4
exon 3-9 mutations and MSI high rectal cancer. It is a study reporting on previously
uninvestigated area. The main conclusion of the authors was that new mutations
discovered in the study might be of importance in the pathogenesis of sporadic
rectal cancer patients with MSI-H.
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Abstract
AIM: To evaluate the safety of donors in adult living
donor liver transplantation (LDLT) using the right lobe in
a single liver transplantation center in China.
METHODS: We investigated retrospectively 52 living
donor liver resections performed from October 2003 to
July 2006. All patients were evaluated by blood tests
and abdominal CT. The mean donor age was 28.2 ± 7.4
years. Residual liver volume was 42.1% ± 4.7%. Mean
operative time was 420 ± 76.2 min; mean ICU stay, less
than 36 h; mean hospital stay, 16.4 ± 8.6 d; and mean
follow-up period, 6 mo.
RESULTS: T h e r e wa s n o m o r t a l i ty. T h e o ve ra l l
c o m p l i c a t i o n ra t e wa s 4 0 % ( 2 1 d o n o r s ) . M a j o r
c o m p l i c a t i o n s i n c l u d e d b i l i a r y l e a k i n t w o, a n d
pneumonia in 2 donors. Minor complications included
mild pleural effusion in 12 donors, transient ascites in
6, mild depression in 4, intra-abdominal collections in 2,
and wound infections in 1 donor. Residual liver volume
did not affect the complication rate. None required reoperation. Return to pre-donation activity occurred
within 5-8 wk.
CONCLUSION: Right hemi-hepatectomy can be
performed safely with minimal risk in cases of careful
donor selection. Major complications occurred in only
7.7% of our series.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Living donor liver transplantation (LDLT) is an acceptable
modality to treat end-stage liver disease and offers hope
to patients with end-stage liver disease in areas where the
waiting mortality is high and the availability of deceased
donor organs falls short of the population. Regardless
of the potential benefit that LDLT offers to the critically
ill patients with end-stage liver disease, donor safety is
a prime concern[1]. Furthermore, the graft mass cannot
satisfy the demand in adult patients requiring use of the
right lobe[2]. This donor risk was especially emphasized
by discouraging episodes of donor mortality in North
America, Europe, South America, and East Asia[3-7]. A
few donors had to undergo liver transplantation due to
hepatic failure following liver donation[3,4]. The advance
of LDLT using right lobe grafts has raised special
concerns about the safety of living liver donors. In 2003,
our team started a new program using the right lobe in
living donor transplantation. The aim of this study was
to retrospectively review our experience with donor
hepatectomy using the right lobe, specifically in the context
of preserving donor safety at a single center in China.

MATERIALS AND METHODS
From October 2003 to July 2006, 52 donor operations
for adult LDLT using the right lobe were performed
at the Department of General Surgery, West China
Hospital, Sichuan University of China. We investigated
retrospectively the 52 living donor liver resections. All
patients were evaluated by blood tests and abdominal CT.
Donors’ age ranged from 17 to 52 years, the mean age
was 28.2 ± 7.4 years, 29 were men and 23 were women. In
relation to the recipient, there were 22 sons, 12 spouses, 8
brothers or sisters, and 10 other relatives.
Preoperative donor evaluation included computed
tomography with volumetry and magnetic resonance
imaging with angiography and cholangiography. The
criteria for donor selection included ABO blood type
compatability, acceptable ranges of liver function tests,
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reasonable liver volumes, age < 50 years, and fatty change
< 30% by liver biopsy. The transection line was demarcated
on the liver surface by temporary occlusion of right
hepatic artery and portal vein. Inflow vascular occlusion
was not used during liver transection. Vascular and biliary
stumps were closed using a Prolene or an interrupted
suture. Liver volume was evaluated with CT volumetry
during the preoperative period and at 3 mo postoperatively.
Intraoperative liver biopsy was performed routinely by one
hepatic pathologist to check the percent of fatty change.
We reviewed the donor characteristics, operative findings,
and postoperative results, including the peak value of
liver enzymes (AST, ALT and bilirubin). Findings were
correlated with donor age (< 30 years and < 40 years),
percent of fatty change in donor liver (no change, < 10%,
and < 30%) size of remnant left lobe volume (< 35%, <
40%, and > 40%) and regeneration activity, as evaluated by
CT volumetry at 3 mo postoperatively.
Operative technique
The donor procedure involved several steps. First,
cholecystectomy and intraoperative cholangiography were
performed to delineate the biliary anatomy. Next, the
right hepatic artery and right portal vein were dissected.
Intraoperative ultrasound was then performed to define
the hepatic venous drainage of the right liver lobe. In most
of our donors, the middle hepatic vein was preserved
to avoid outflow obstruction to the remaining donor
segment 4. The right hepatic vein was then isolated and
the attachments between the right lobe and the diaphragm
were divided to expose the inferior right hepatic veins
(IRHVs), which drains the right lobe directly into the
inferior vena cava. All IRHVs of more than 5 mm
diameter were preserved for subsequent anastomosis to
the recipient inferior vena cava. The right bile duct was cut
sharply. The hepatic parenchyma was divided along Cantlie’s
line 1 cm to the right of the main stem of the middle
hepatic vein using electrocautery and a Cavitron ultra-sonic
aspirator. After the right lobe was completely separated,
vascular clamps were applied to the right portal vein,
right hepatic vein, and IRHVs. The lobe was removed,
transferred to a back table, and flushed with a heparinized
solution. Abdominal closure was performed in standard
fashion.

RESULTS
All donors sur vived the procedure. Fifty-two right
lobectomies required 316-576 (420 ± 76.2) min. The
transfusions during operation ranged from 0 to 6 (mean
1.29 ± 1.21) U. The mean length of stay in the intensive
care unit was less than 36 h, and the mean hospital stay
was 16.4 ± 8.6 (range, 10 to 48) d. The total volume of
the donor liver ranged from 976 to 1816 (mean 1106 ±
201) mL, including 382-925 (mean 526 ± 146) mL in the
volume of the left lobe, and the ratio of the left lobe to
the whole liver ranged from 32.3% to 46.2% (mean 38.6%
± 4.8%).
In the immediate postoperative period, all donors
exhibited transient liver enzyme elevation, hyperbilirubi-
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nemia and hypoalbuminemia. The liver profiles normalized
after a mean of 12 d. Prothrombin time was prolonged in
the early postoperative period, but in most cases this was
normalized within 14 d.
The postoperative peak values of liver enzymes
increased based on the severity of fatty changes, especially
between the groups with < 10% or > 10% fatty change,
but the differences were not statistically significant.
According to remnant left liver volume, there was
statistically significant difference between the group with
< 35% and the group > 35% postoperative liver enzymes
(P < 0.05), but there was no significant difference among
the groups with > 35%. The volume of the remnant liver
is an important factor that influences the postoperative
liver enzymes.
Computed tomography with volumetry was performed
preoperatively and at 3 months postoperatively. The
regeneration of the remnant liver (percent) was calculated
as the liver volume on postoperative mo 3 versus
preoperative liver volume × 100. The mean regeneration
of the remnant left lobe at 3 mo postoperatively was 208%
± 41% (148%-312%) compared with the preoperative liver
volume.
The mean follow-up time for the 52 cases was 6 mo.
There was no donor mortality, and overall complication
rate was 40% (n = 21). Four donors (7.7%) developed
early postoperative major complications, including
biliary leakage(two cases), and pneumonia (two cases).
Bile leakage from the stump of the duct in one patient
was treated with continuous drainag e and healed
spontaneously. The other patient with bile leakage
was successfully managed with endoscopic retrograde
cholangiopancreatography (ERCP) and placement of a
biliary stent, which extended the patient’s hospital stay to
36 d. The stent was removed 6 wk later and no further
interventions were needed. Both cases of pneumonia
were successfully treated with antibiotics. The minor
complications included mild pleural effusion (12 donors,
23%), transient self-limited ascites (6 donors, 11.5%), mild
depression in (4 donors, 7.7%), intra-abdominal collections
( 2 donors, 3.8% )and wound infection (1 donor, 2%). The
pleural effusion was on the right side in most cases. Three
donors had to be readmitted 1 mo after the operation for
aspiration of a purulent subphrenic collection. The most
common problem, especially for young donors who cared
about their looks, was scar formation[8]. At 1-year followup, prominent hypertrophic scar was observed in about
5% of donors, but no keloid has ever been detected. No
one received wound revision for cosmetic purposes. All
donors returned to their predonation daily activities within
5-8 wk, and no liver impairment was noted during followup.

DISCUSSION
Selection and evaluation of a living liver donor for adult
recipients is a complex process that involves optimizing
graft size in relation to the safety of donors and recipients,
technical details of liver procurement, and ethical problems
of using nonrelated live donors. As in most countries,
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including the United States and Japan, no legal restrictions
exist for living donation, local ethics committees confirm
whether the candidates are appropriate potential donors.
Voluntarism is the primary selection criterion and medical
evaluation can only be started after confirmation of the
voluntary nature of the donation.
Volumetric study using computed tomography scans
is mandatory. For patients with advanced liver disease,
a graft volume of greater than 40% of the recipient
standard liver volume is necessary[9], while for the living
donor the remnant liver mass must be more than 30%
of the whole liver[10]. Selection of right lobe graft should
be very prudently considered if the right liver appears to
be 65% of the whole liver volume[11]. The term “standard
liver volume” has become a key concept in LDLT [12].
Estimated liver volume on computed tomography in
healthy volunteers is proportional to body surface area and
is calculated using the following formula: liver volume (mL)
= 706.2 × body surface area (m2) + 2.4.
In living donor liver transplantation using the right lobe,
donor safety must always be the primary consideration. We
reviewed the peak value of liver enzymes as parameters
of donor risk and considered several factors, including
donor age, degree of fatty change, and volume of remnant
liver as factors that influence the value of liver enzymes.
Among the factors, the volume of remnant liver was
most important. Several investigators have suggested that
individuals with normal liver function tolerate resection of
up to 60% or 70% of a nontumorous liver[13].
Our data indicate that the peak value of liver enzymes
in donors with < 35% of the liver as a remnant were
significantly higher than the group with > 35%. These
values could induce risks to the donor. With regard to the
safety margin, a remnant liver volume of 30% of the total
is probably the lowest limit.
During screening donor evaluation, many candidates
have some degree of fatty liver. We select donors whose
livers have < 30% fatty change. Our data suggest that, even
in this acceptable limit of fatty change, the postoperative
peak value of liver enzymes increased according to the
degree of fatty change, especially in cases of > 10% fatty
change. Although this factor is not significant itself, it is
problematic when combined with other risk factors.
The recovery of the donor liver depends on the
regenerative activity of the remnant liver. Regeneration
after resection usually starts in the immediate postoperative
period, and occurs mainly within 2 wk after operation.
The liver mass of small-for-size grafts increased more
rapidly to meet the metabolic demands of greater relative
body size. We observed liver regeneration at postoperative
month 3. Our data indicate that regeneration of liver
volume at 3 mo postoperatively is about twofold greater
than the preoperative value, and the regenerative activity
was increased among the groups with smaller remnants.
The most important complication during donor
operation is biliary injury. However, there was no biliary
injury in our data. The precise biliary anatomy and
meticulous hilar dissection could prevent such injury.
Ischemia due to excessive dissection of the right hepatic
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artery is probably responsible for biliary stricture. We
recommend dissection of the right hepatic artery to a
lesser degree, confining the exposure to the right side of
common hepatic artery.
In conclusion, our single-center experience showed
that life-threatening complications of the right hemihepatectomy donor operation could be avoided or
overcome only through the strict selection of living
donors, intensive postoperative surveillance, and timely
feedback of surgical techniques. In LDLT, the physical
and psychologic sacrifice by the donor is significant and
is associated with high expectations regarding a good
outcome for themselves and the recipient[14]. There can be
significant risks to the donor, including the risk of death
and substantial morbidity, that must be taken into account
before patients, physicians, and transplant programs
embark on LDLT. Universally acceptable criteria for donor
selection should be established to prevent immoderate
procurement of liver graft. Right hemi-hepatectomy can
be performed safely with minimal risk in cases of careful
donor selection such that the remnant liver volume exceeds
30% of the total liver volume while showing minimal fatty
change. Major complications occurred in only 7.7% of our
series.
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Abstract
Acute pancreatitis constitutes 3% of all admissions with
abdominal pain. There are reports of osteal fat necrosis
leading to periosteal reactions and osteolytic lesions
following severe pancreatitis, particularly in long bones.
A 54-year-old man was admitted to our hospital with
acute pancretitis, who later developed spinal discitis
secondary to necrotizing pancreatitis. He was treated
conservatively with antibiotics and after a month he
recovered completely without any neurological deficit.
This case is reported for its unusual and unreported
spinal complications after acute pancreatitis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Acute pancreatitis constitutes 3% of all admissions with
abdominal pain[1]. The majority of cases are mild and selflimiting. However, severe pancreatitis is associated with
high morbidity and mortality and affects almost all the
organs in the body. The involvement of the skeletal system
has been reported after an attack of acute pancreatitis[2,3].
There are reports of osteal fat necrosis leading to
periosteal reactions and osteolytic lesions following
www.wjgnet.com

pancreatitis, particularly common in long bones [2,4] .
Nevertheless, pyogenic spinal osteomyelitis in association
with pancreatitis is rarely reported[5]. We present one of
the rare complications of acute necrotizing pancreatitis,
the spinal discitis.

CASE REPORT
A 54-year-old male chronic alcoholic patient with
vomiting and abdominal pain was referred by his general
practitioner (GP) to the general surgical emergency ward.
The referring doctor recorded a pulse rate of 120/min
and blood pressure of 220/130 mmHg. There was no
relevant past medical history except recent diagnosis of
reflux oesophagitis. The patient was not on any regular
medications. Clinical examination revealed diffuse
abdominal tenderness and guarding (serum amylase,
1150 U/L; CRP, 180 mg/L). A provisional diagnosis
of acute alcoholic pancreatitis was made and managed
symptomatically. Three days later, the patient discharged
himself against medical advice.
The next day, he was re-referred by his GP with
abdominal pain, vomiting, diarrhoea, and malena. His
vitals showed tachycardia and tachypnoea. He was flushed
and his abdomen distended with diffuse tenderness and
guarding. Glasgow severity score for pancreatitis was 3 at
this point. Computerized tomography (CT) scan of the
abdomen showed extensive pancreatic necrosis with peripancreatic fluid collection (15 cm × 13.3 cm) and bilateral
pleural effusions. There were no radiological signs of
peri-pancreatic infection. Two weeks later, he developed
vomiting with pyrexia; white cell count (20.9 × 109/L)
and C-reactive protein were elevated (239 mg/L), and
haemoglobin dropped from 157 to 91 mg/L. Abdomen
was more distended with diffuse tenderness. Ultrasound
guided fine needle aspiration of peri-pancreatic collection
revealed gram-positive cocci on microscopic examination.
Laparotomy, necrosectomy and debridement of peripancreatic area were performed and the abdominal wound
closed 48 h later, after lateral relaxing skin incision. Postoperatively, the patient was managed in the intensive
therapy unit (ITU) for cardiac and respiratory support.
His postoperative recovery was eventful; complicated by
renal failure (requiring renal support), left sided cerebral
infarct, respiratory failure, candidaemia, staphylococcal
septicaemia and pulmonary embolism from ilio-femoral
deep venous thrombosis (optease vena cava filter
deployed). Persistent pyrexia and imaging evidence of
recurrent pancreatic abscess lead to open drainage through
a left lumbar incision. Nearly a month later he developed
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Figure 1 Coronal reconstruction
through lumbar spine showing
changes in the inter-vertebral disc
(L 2/3) with erosion of vertebral
end-plates.

back pain. Clinical examination did not reveal any obvious
spinal pathology. X-ray of the lumbar spine demonstrated
loss of lordosis and decreased inter-vertebral disc heights
at L3/4 and L4/5 with associated sclerosis and osteophytosis.
However, there was no collapse of vertebral bodies.
A radiological diagnosis of degenerative change was
made, and managed symptomatically after appropriate
orthopaedic advice. Follow-up CT scan of the abdomen
after a month demonstrated irregularity of the end
plates of L2/3 with a small but definite fluid collection
surrounding the anterior aspect of this inter-vertebral disc,
raising the strong suspicion of infective discitis (Figures
1 and 2). The patient was managed conservatively with
antibiotics without any residual deformity.
Recent radioactive bone scan revealed no evidence of
active infection. On clinical examination, he completely
recovered (without neurological deficit) except for
occasional back pain and an incisional hernia.

DISCUSSION
Metastatic fat necrosis following an episode of pancreatitis
or pancreatic carcinoma in adults is a well-known entity
and reported to manifest in long bones, pericardium,
mediastinal fat and subcutaneous tissue[2,4,6]. Two types
of bone lesions were described. The first type produces
multiple osteolytic lesions and periosteal reaction with
intramedullary fat necrosis; the second type is the result of
bone infarction. Neuer et al[7] reported a case of osteolytic
lesions in a 3-year-old child after traumatic pancreatitis.
However, the exact mechanism for these bony lesions is
unclear. Circulating pancreatic enzymes (trypsin, elastase,
lipase and collagenase) have been implicated as the
causation for the intramedullary fat necrosis[2]. Perry, from
his rat experiment, demonstrated lymphatic transport of
free enzymes resulted in metastatic fat necrosis[3]. This was
hypothesized as the mechanism for metastatic ischaemic
lesions noticed in pancreatitis. Shinowara et al [8] had
proposed the possibility of ischaemic necrosis caused by
occlusion of end arteries due to intravascular thrombosis
in pancreatitis. Another possible explanation, particularly
for spinal osteomyelitis, is that the inflamed pancreas
might produce local tissue ischaemia, predisposing to
lower thoracic or upper lumbar osteomyelitis due to the
close proximity of pancreas to these structures[9].

Figure 2 Transverse section through lumbar spine (L2/3) showing discitis with soft
tissue collection in front of the vertebra, in addition to residual pancreatic collection
and retroperitoneal fat-stranding.

So far, there has been no reported evidence of spinal
discitis following an episode of pancreatitis. Glassman
et al[5] have published a case of pyogenic osteomyelitis
associated with a previous histor y of pancreatitis.
However, no concurrent spinal disease and pancreatitis
was established. They raised the suspicion of bacterial
septicaemia, as a complication of pancreatitis, and as the
cause of spinal osteomyelitis. In our report, the patient
was proved to have definite clinical, radiological and
bacteriological evidence of pancreatitis and septicaemia.
This correlates well with pancreatitis as the cause for
spinal disease. Though the mechanism of involvement of
spinal vertebrae in our patients was not clear, the different
possibilities including direct spread of infection or
chemical soft tissue destruction (because of the closeness
of lesion to pancreas) or from metastatic involvement
(septicaemia), can be considered. This case was presented
for its unusual and unreported spinal complications after
acute pancreatitis.
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Abstract
We report a case of primary sclerosing cholangitis (PSC)
with benign lyphadenopathy which was diagnosed with
endosonography guided fine needle aspiration (EUS-FNA).
A 65-year-old woman was admitted to Jikei University
Hospital with severe jaundice. Although endoscopic
retrograde cholangiography and liver biopsy revealed
the findings consistent with PSC, abdominal computed
tomography revealed numerous large perihepatic lymph
nodes with a maximum diameter of more than 3 cm.
Therefore, EUS-FNA was done in order to exclude
malignant lymphadenopathy, and adequate specimens
obtained by EUS-FNA showed reactive hyperplasia of
lymphnode. The patients were scheduled to undergo
liver transplantation.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a disease of
www.wjgnet.com

unknown etiology that is associated with inflammatory
bowel disease and with an increased risk of developing
cholangiocarcinoma[1]. Although the course of PSC varies
from one patient to another, the disease is generally
progressive and usually leads to the development of liver
cirrhosis. Advanced PSC is therefore considered to be an
indication for liver transplantation. It has been reported
that perihepatic lymphadenopathy occurs in approximately
70% of patients with PSC [2,3]. Although most of such
lymphadenopathy is benign, it can also be caused by
concomitant cholangiocarcinoma[2]. It is very important
to detect malignant lymphadenopathy in PSC patients,
because the existence of a malignant tumor, especially
cholangiocarcinoma, has an adverse effect on survival after
liver transplantation[1,2].

CASE REPORT
A 65-year-old woman was admitted to Jikei University
Hospital (Tokyo, Japan) with severe jaundice. Laboratory
tests revealed a serum albumin level of 2.0 mg/dL,
while aspartate aminotransferase was 124 IU/L, alanine
aminotransferase was 76 IU/L, alkaline phosphatase was
1373 IU/L, and CA19-9 was 114 U/L. Her total bilirubin
level was 9.7 mg/dL, with a direct bilirubin level of 5.8
mg/dL. Abdominal computed tomography revealed
numerous large perihepatic lymph nodes with a maximum
diameter of more than 3 cm, although no mass lesion was
seen (Figure 1A). Endoscopic retrograde cholangiography
(ERC) showed a bile duct stricture associated with a
diverticulum-like out pouching (Figure 1B), and brushing
cytology was Class Ⅱ. A diagnosis of PSC was made on
the basis of liver biopsy and typical ERC findings, but the
possibility of concomitant cholangiocarcinoma was also
considered because of her lymphadenopathy and severe
bile duct stricture. Therefore, EUS-FNA was conducted
to obtain biopsy specimens of the enlarged lymph
nodes and to investigate the presence of concomitant
cholangiocarcinoma. A cur vilinear echoendoscope
(GF UCT240-AL5, Olympus Medical Systems, Tokyo,
Japan) was advanced into the duodenum, and biopsy of
enlarged lymph nodes was done through the duodenal
wall using a 22-gauge echo-tipped needle (Willson-Cook,
Winston) (Figure 2A). Adequate biopsy specimens were
obtained for histological examination, which revealed
reactive hyperplasia of the enlarged lymph nodes with
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Figure 1 A: Abdominal computed tomography reveals markedly enlarged lymph
nodes (arrow); B: Endoscopic retrograde cholangiography shows a bile duct
stricture with a diverticulum-like outpouching (arrows).

B

infiltration of lymphocytes (Figure 2B). Since concomitant
cholangiocarcinoma was excluded by this histological
finding and brushing cytolog y under ERC, she was
scheduled to undergo liver transplantation. Although
she is waiting for liver transplantation for six months at
present, malignant lesion including cholangiocarcinoma
and additional lymphadenopathy has never been seen.

DISCUSSION
EUS-FNA has emerged as an effective method for obtaining
tissue samples from the perigastric and periduodenal
organs, such as the pancreas, and for the investigation of
peri-intestinal and celiac lymphadenopathy[4]. Although a
high sensitivity and specificity of EUS-FNA without any
severe complications have been shown for the diagnosis
of various diseases[4], there have been few information
about its use for lymphadenopathy in patients with
PSC. In our present patient with PSC, EUS-FNA was
both convenient and effective for making a diagnosis
of perihepatic lymphadenopathy. We recommend this
diagnostic approach to lymphadenopathy in patients with
PSC, especially prior to liver transplantation, to exclude
concomitant malignancy. However, further studies will
be needed to confirm the clinical value of EUS-FNA for
patients with PSC.

Figure 2 A: Endosonographic findings during EUS-FNA. The arrow indicates
the biopsy needle inside an enlarged lymph node; B: Histological features the
specimen obtained by EUS-FNA.
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Abstract
Although the etiology of eosinophilic cholecystitis is
still obscure, the postulated causes include allergies,
parasites, hypereosinophilic syndrome, and eosinophilic
gastroenteritis. It is sometimes accompanied by several
complications, but a simultaneous onset with pericarditis
is very rares. A 28-year-old woman complained of
acute right hypocondrial pain and dyspnea associated
with systemic eruption. Several imaging modalities
revealed acute cholecystitis and pericarditis with
massive pericardial effusion. A marked peripheral
blood eosinophilia was observed, and the eruption
was diagnosed as urticaria. Her serum had a high titer
of antibody against Ascaris lumbricoides . Treatment
with albendazole drastically improved all clinical
manifestations along with normalization of the imaging
features and eosinophilia. We report herein a rare
case of simultaneous onset of acute cholecystitis and
pericarditis associated with a marked eosinophilia caused
by parasitic infection.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Eosinophilic cholecystitis is an infrequent for m of
cholecystitis [1,2] . In the clinical practice, eosinophilic
cholecystitis is usually unsuspected and is clinically
indistinguishable from the predominant for m of
calculous cholecystitis [2,3] . Although the etiology of
eosinophilic cholecystitis is still obscure, the postulated
causes include allergies, parasites, hypereosinophilic
syndrome, eosinophilic gastroenteritis, and local reaction
to gallstones[4]. It sometimes shows a marked peripheral
blood eosinophilia. Peripheral eosinophilia indicates that
eosinophilic cholecystitis is likely to be a manifestation of a
systemic hypereosinophilic disorder[4]. A marked peripheral
blood eosinophilia is associated with several biological
conditions, such as allergy, hypersensitivity diseases, parasitic
infections, connective tissue disorders, blood dyscrasias,
malignancies, and immunodeficiency status[5,6]. Eosinophilic
infiltration can be associated with disorders of the lung,
heart, gastrointestinal tract, biliary tract, and gall bladder[6].
Although eosinophilic cholecystitis sometimes accompanies
other organ dysfunction, close temporal association with
pericarditis has been very rarely reported so far.
Ascariasis, a helminthic infection of man, is the
most common parasitic infection of the gastrointestinal
tract, but invasion of worms into the gall bladder is rare
(2.1% of the hepatobiliary ascariasis in endemic areas)[7,8].
Regarding the imaging modalities available for diagnosis
of biliary ascariasis, recent studies have shown that
abdominal ultrasonography (US) and magnetic resonance
cholangiopancreatography (MRCP) are very useful, sensitive,
safe, and non-invasive[8-10]. Herein, we report a case that
showed simultaneous onset of acute cholecystitis and
pericarditis (diagnosed by abdominal US and MRCP) along
with a marked eosinophilia caused by Ascaris lumbricoides
infection.

Kaji K et al . Eosinophilic cholecystitis by Ascaris
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Figure 1 A: Abdominal ultrasonography (US) revealed a marked gall bladder
swelling and wall thickness without stones or debris, indicating an acute
cholecystitis; B: Magnetic resonance cholangiopancreatography (MRCP) revealed
a similar gall bladder thickness as well as free space around the gall bladder,
suggesting exudate associated with severe inflammation.

Figure 2 A chest computed tomography (CT) scan showing massive pericardial
effusion (arrow) and right pleural effusion (triangle).

CASE REPORT
A 28-year-old woman was admitted into our hospital
complaining of acute right hypocondrial pain and dyspnea
associated with systemic eruption. She did not have specific
past medical history including allergic reactions. Physical
examination demonstrated a severe right hypocondrial
tenderness, high-grade fever, and systemic eruption. The
systemic eruption mainly consisted of wheal, and was
diagnosed as urticaria. Laboratory examination revealed
mild elevation of transaminases, biliary enzymes, and
a marked eosinophilia along with elevation of IgE.
Abdominal US revealed that a marked gall bladder swelling
and wall thickness without stones or debris, indicating an
acute cholecystitis (Figure 1A). Subsequently, MRCP was
carried out for further confirmation of the US diagnosis.
MRCP revealed similar findings as well as a free space
around the gall bladder, suggesting exudates associated
with severe inflammation (Figure 1B). Furthermore,
chest computerized tomography (CT) scanning, in turn,
revealed a massive pericardial effusion and moderate right
pleural effusion (Figure 2). Echocardiography confirmed
a massive pericardial effusion without asynergy or valvular
disorder. Although we could not detect any worm lying
either in the bile duct or gall bladder, we suspected
parasitic infection because of marked eosinophilia and IgE
elevation along with systemic urticaria [31% of leukocyte
(7500/ μ L) and 246.6 U/mL, respectively]. Her serum

Figure 3 After treatment with albendazole, abdominal US revealed disappearance
of the gall bladder swelling and wall thickness.

had a high titer of antibody against Ascaris suum and
Toxocara canis (pig ascaris and dog ascaris, respectively) by
enzyme-linked immunosorbent assay (ELISA) (generously
measured by Dr. Hiromatsu; Department of Parasitology,
Miyazaki University School of Medicine) (150-fold and
100-fold higher as compared with the control serum,
respectively). Treatment with albendazole (600 mg/d)
drastically improved all clinical manifestations along with
normalization of the imaging findings, eosinophilia,
and IgE elevation within a week after the treatment.
Abdominal US revealed disappearance of the gall bladder
swelling and wall thickness after only four days treatment
with albenzasole (Figure 3). The free space around the gall
bladder vanished, too. She discharged the hospital fourweek after the treatment with albendazole.

DISCUSSION
Eosinophilic cholecystitis is an infrequent for m of
cholecystitis that was first described by Albot in 1949[1].
The physical and laboratory findings are not specific.
Although the etiology of eosinophilic cholecystitis is
still uncertain, the postulated causes include parasites,
gallstones, and allergic hypersensitivity response to
drugs such as phenytoin, erythromycin, cephalosporin,
and herbal medications [4,11]. Eosinophilic cholecystitis
may develop with several diseases, such as eosinophilic
gastroenteritis, eosinophilic pancreatitis, and idiopathic
hypereosinophilic syndrome (HES)[6,12,13]. In the literature,
we found only one report on a case of eosinophilic
cholecystitis that developed almost simultaneously with
eosinophilic appendicitis and eosinophilic pericarditis[4].
Our case is very rare because of the simultaneous onset
of eosinophilic cholecystitis and pericarditis caused by
parasite; namely, Ascaris lumbricoides.
Unlike eosinophilic gastritis, most patients with
eosinophilic cholecystitis have no history of allergy as in
our case[14]. Peripheral hypereosinophilia is not a constant
finding, either, although the characteristic histologic
feature of eosinophilic cholecystitis is transmural
inflammatory infiltration of the gall bladder wall that
is composed of more than 90% eosinophils [2]. In the
current case, we did not have any histological evidence
of eosinophilic cholecystitis since the patient did not
www.wjgnet.com
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undergo cholecystectomy. This is the main negative point
of the final diagnosis of eosinophilic cholecystitis in our
case. However, the patient exerted a marked peripheral
eosinophilia and elevation of IgE along with confirmation
of acute cholecystitis by several imaging modalities. It
has been reported that a marked peripheral eosinophilia
usually correlates with eosinophilic infiltration in the
gall bladder wall[2,4,14], indicating that, at least, there was
some infiltration of eosinophils in the gall bladder in
our case. After treatment with albendazole, eosinophilia,
IgE elevation, and all clinical manifestations drastically
improved along with nor malization of the imaging
features.
Ascariasis is the most common helminthic infection,
which occurs commonly in the tropical and/or developing
countries, partly due to the poor sanitary and hygienic
conditions that help maintain the infection cycles[15]. In
addition to these areas, ascaris infection is sometimes
observed even in the industrial countries because raw food
may be contaminated with worms. From the duodenum,
the worms can enter the biliary tract resulting in right
hypocondrial pain. Our patient had eaten fresh vegetables
on the day before admission and had severe right
hypocondrial pain at admission.
Abdominal US is now recognized as a very useful
modality for diagnosis of biliary ascariasis [10] . It can
detect adult worms in the biliary tract as a longitudinal
structure with inner parallel linear bands and undulating
movements inside the gall bladder [8]. MRCP has been
the latest innovation for examination of the biliary tract.
MRCP has the advantage of providing three-dimensional
images of the biliary tract without the risks of contrast
allergy and invasiveness. On MRCP imaging, adult worms
may be detected with round shape lying obliquely in the
bile duct[9]. These modalities sometimes can monitor the
slow movement of the worms inside the bile duct and gall
bladder. Since we could not detect the worm with either
modality, these movements could not be followed up in
our case. Probably, only the larva of Ascaris lumbricoides
migrated into the biliary tract and gall bladder, which
were too small to be detected with these modalities in the
current case.
In conclusion, herein we reported a rare case of
simultaneous onset of acute cholecystitis and pericarditis
associated with a marked eosinophilia caused by Ascaris
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lumbricoides. Since the physical findings of eosinophilic
cholecystitis are indistinguishable from manifestations
of the common acute cholecystitis, physicians should be
aware of biliary ascariasis in patients with manifestations
of acute cholecystitis, and should search for worms by
abdominal US and MRCP.
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Abstract
We encountered a 65-year-old man with a carcinoid
tumor of the minor duodenal papilla. Since he had liver
cirrhosis and completely refused surgery, we performed
an endoscopic snare papillectomy. The papillectomy
was performed successfully without procedure-related
complication. The specimens revealed a carcinoid tumor
showing that the margin of the tumor was positive. One
week later, upper GI endoscopy was performed and the
biopsy specimens obtained from base of ulcer showed
no neoplastic cells. We performed a duodenoscopy and
CT 3, 6 and 18 mo later, and there was no macroscopic
or microscopic evidence of tumor recurrence after more
than 4 years.
© 2007 WJG . All rights reserved.
Key words: Endoscopic papillectomy; Carcinoid tumor;
Minor duodenal papilla; Papilla of Vater tumor; Duodenal
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INTRODUCTION
Recently, endoscopic papillectomy for not only adenoma,
but also carcinoid of the major duodenal papilla is being
increasingly performed as a minimally invasive alternative
to conventional surgery[1-5]. However, it is controversial
among endoscopists whether this technique can be
adaptable for lesions of the minor duodenal papilla.
We describe the successful endoscopic papillectomy of

carcinoid of minor duodenal papilla and discuss the
applications of the procedure.

CASE REPORT
A 65-year-old asymptomatic man underwent esophagogastroduodenal (EGD) endoscopy screening, which
revealed a slightly swollen and yellowish minor duodenal
papilla. A biopsy specimen from the lesion revealed a
carcinoid tumor. EUS demonstrated a 12 mm × 11 mm
hypoechoic mass located in the submucosa (Figure 1).
CT revealed a slightly contrast-enhanced duodenal tumor
without metastasis to the regional lymph nodes or liver.
ERCP findings were normal, demonstrated dominant
pancreatic drainage via the ventral duct and no effacement
of the dorsal duct by tumor. The routine laboratory
tests were normal, including tumor markers. Since he
had liver cirrhosis and completely refused surgery, we
then performed an endoscopic snare papillectomy after
obtaining appropriate written informed consent. Snare
excision was performed with a polypectomy snare forceps
(SD-5U-1, 6U-1, Olympus Medical Systems, Tokyo, Japan)
and a generator with an automatically controlled cut-out
system (ICC200, Erbe Elektromedizin GmbH, Tubingen,
Germany). The papillectomy was performed successfully
without any procedure-related complications (Figure
2A and B). The specimens revealed a carcinoid tumor
and showed that the margin of the tumor was positive
(Figure 3A). One week later, EGD was performed and
the biopsy specimens obtained from the base of ulcer
showed no neoplastic cells (Figure 3B). We performed a
duodenoscopy and CT 3, 6 and 18 mo later (Figure 4),
and there was no macroscopic or microscopic evidence of
tumor recurrence more than 4 years.

DISCUSSION
Carcinoid tumor of the g astrointestinal tract has
a relatively high occur rence rate and often shows
invasive growth [6]. Although Noda et al reported that,
microscopically, in the duodenal papilla, especially the
minor duodenal papilla, carcinoids and endocrine cell
micronests seemed to occur more frequently than generally
thought [7], clinically, carcinoid tumors of the major or
minor duodenal papilla are rare[6-8]. No definitive statement
can be made regarding the optimal treatment of carcinoid
of the major duodenal papilla, given the small number
of cases in the literature. Hatzitheoklitos et al reported
that carcinoid of the papilla of less than 10 mm in size
www.wjgnet.com
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Figure 3 A: Histologically, the specimens showed invasive carcinoid tumor cells
and the resected cut-end margin showed cancer cells; B: Duodenoscop revealed
ulcer formation after the papillectomy.
Figure 1 EUS revealed localized hypoechoic mass below the mucosal layer.

A

B

Figure 2 A: Endoscopic snare papillectomy of minor papilla was performed; B:
Macroscopically, the tumor was yellowish and hard.

rarely metastasizes (2%), whereas 20% of tumors 10 to 20
mm and 75% of tumors greater than 20 mm in diameter
metastatisize[9]. Radical surgery, such as local excision or
pancreaticoduodenectomy, has generally been preferred
as the treatment of choice for carcinoid tumors of the
papilla[6,8,9].
Endoscopic snare papillectomy has been accepted
as a safe and feasible treatment for adenoma of the
major duodenal papilla because of lower operative
mortality and morbidity, provided that certain criteria are
strictly observed[1-4]. Furthermore, recently, endoscopic
papillectomy has been performed for not only adenoma of
major duodenal papilla but also ampullary adenoma with
intraductal extension and invasive carcinoma[3,10] or carcinoid
tumor[3,5]. To the best of our knowledge, this is first report
of a successful papillectomy for carcinoid tumor of the
minor duodenal papilla. The growth pattern of carcinoids,
however, is essentially frequently submucosal invasive. We
think that there were two fortunate points in this case.
One was that the growth pattern of this tumor showed
mainly protrusion to the duodenal lumen, and the other
was that follow-up biopsy was negative, perhaps because
the cauterizing effect resulted in elimination any remaining
carcinoid tumor cells despite the positive cut margin.
In conclusion, although further studies with long-term
follow-up are needed to determine the ultimate outcome,
this case, with a 4-year disease-free follow-up period,
suggests that endoscopic resection of carcinoid of the
minor duodenal papilla is one option when surgery cannot
be applied in patients with minor duodenal papilla tumors.

Figure 4 There was no evidence of recurrence 18 mo after the papillectomy.
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followed by the small bowel (in about 20% of cases)[2];
however, it rarely occurs in the esophagus and large
intestine[3]. The tumor appears as a peduncular polyp, and
is often an incidental finding on a colorectal examination
for underlying disease. There have been few cases of
colorectal IFP diagnosed by histological examination
obtained by endoscopic biopies[4,5]. Herein we report a
man diagnosed with IFP arising in the transverse colon
and diagnosed by endoscopic biopsy.

Abstract

CASE REPORT

A case of an inflammatory fibroid polyp occurring in
the transverse colon and diagnosed by endoscopic
biopsy is reported. The patient was an 82-year-old
man who visited our hospital for further evaluation of
occult blood in stool. The Colonoscopy revealed a small,
red, and peduncular polyp, about 6 mm in diameter,
in the transverse colon. Histological examination of
the biopsy specimen obtained from the polyp revealed
proliferation of fibroblasts and infiltration of inflammatory
cells such as plasma cells and eosinophils. This polyp
was diagnosed as an inflammatory fibroid polyp, which
can appear in many different locations throughout
gastrointestinal tract, though still rare in the transverse
colon.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Inflammatory fibroid polyp (IFP) is a relatively rare
disorder, which is thought to be clinically and histologically
benign, and was first described as “polypoid fibroma”
in 1920 by Konjetzny[1]. It can appear in many different
locations throughout the gastrointestinal tract. The most
common site is the gastric antrum (in about 70% of cases),

An 82-year-old man visited our hospital for further evaluation of fecal occult blood noted in a yearly physical checkup in 2003. He had a past history of an appendectomy
from over 50 years ago. No specific family history was
identified. Routine hematological examinations and
biochemical tests were within normal limits. The colonoscopy revealed a small, red, hard, and peduncular polyp,
about 6 mm in diameter in the transverse colon (Figure 1).
With conventional colonoscopy, the lesion showed type
Ⅱ pit pattern even though the magnifying colonoscopy
was not performed, and we speculated that this polyp
was non-neoplastic. This polyp was suspected to be
a hyperplastic polyp or hamartoma from endoscopic
findings. Histological examinations of the biopsy specimen
revealed proliferation of fibroblasts and infiltration of
inflammatory cells such as plasma cells and eosinophils.
The peduncular polyp was diagnosed as an inflammatory
fibroid polyp occurring in the transverse colon. The
patient rejected a follow-up colonoscopy because of his
advanced age.

DISCUSSION
IFP is a rare submucosal lesion of the gastrointestinal tract
that usually appears as a smooth sessile or pedunculated
polyp and follows a benign course. The pathogenesis
of IFP remains unknown. Some authors have proposed
that IFP is caused by an allergic reaction to inflammatory
stimuli such as bacterial, chemical, traumatic stimuli, etc,
or is a reactive lesion of fibroblastic or myofibroblastic
nature[4]. Others have proposed that IFP is neurogenic
in nature[4,5]. A familial relationship has been described,
with multiple recurrent lesions affecting three successive
generations[6].
It may occur anywhere throughout the gastrointestinal
tract, and the most common site is the gastric antrum,
www.wjgnet.com
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Figure 1 Endoscopic appearance of the transverse colon. A red, hard, and
peduncular polyp, about 6 mm in diameter was seen. The lesion showed type Ⅱ
pit pattern. Endoscopic biopsy was performed to confirm the histological diagnosis.

followed by the small bowel, and rarely the colon; however,
recent advances in diagnostic techniques, especially the
widespread use of colonoscopy for colorectal tumors, have
enabled us to identify small and asymptomatic polyps, and
reports of IFP of the colon have been increasing.
According to Nakase et al [7], a review of Japanese
literature, revealed 25 cases of IFP in the large intestine
in Japan up to 2000. They described that the macroscopic
appearance is the pedunculated type in 68% of cases, and
the sessile type in 32%. In that report, the sites of IFP in
the large intestine were studied and 8 of 25 cases (32%)
had lesions in the transverse colon and 13 of 25 patients
(52%) had lesions in the ascending colon or cecum.
Thus, IFPs of the large intestine are predominantly in
the proximal colon. IFPs in the gastrointestinal tract are
usually asymptomatic and are often detected incidentally
on barium enema or endoscopy [7]. Another review of
Western literature revealed that the main clinical features
of colonic IFPs are abdominal pain (54%), bloody stools
(33%), weight loss (21%), diarrhea, and anemia (17%)[2].
There are no reports describing the pit pattern of the
mucosa covering colonic IFP. Two kinds of endoscopic
findings of the surface of colonic IFP are described as
follows: (1) covered with normal colonic mucosa like
submucosal tumors[7], and (2) irregular surface redness.
In the present case, hyperplastic changes in the normal
colonic mucosa covering IFP might cause type Ⅱ pit
pattern. We speculated that an endoscopic diagnosis of
colonic IFPs could seldom be made by surface observation
because most fibroids are located in the submucosa of
colonic IFPs. The final diagnosis of colonic IFP depends
upon pathological findings. However, further studies on
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the endoscopic findings of the surface of colonic IFP
observed by magnifying colonoscopy are certainly required.
As to therapy, IFP of the large intestine can best
be removed endoscopically, because it is thought to be
clinically and histologically benign. But only 6 of 25
patients (17%) with IFP of the large intestine in Japan
were treated with poplypectomy or EMR[7]. If we could
confirm the histological diagnosis of small colonic IFP
by endoscopic biopsy, as in the present case, endoscopic
resection of IFP might be unnecessary because IFP is
a submucosal lesion of the gastrointestinal tract that
follows a benign course. Nakase et al [7] described that
18 of 25 patients with IFP of the large intestine (72%)
in Japan were treated with surgical resection. We think
that the ratio of patients with colonic IFP who undergo
surgical resection will decrease and endoscopic resection
will increase in the future because of recent advances in
diagnostic technologies to include improved endoscopic
images.
In conclusion, we reported a case of inflammatory
fibroid polyp occurring in the transverse colon that was
diagnosed by endoscopic biopsy. IFP should generally
be taken into consideration as a differential diagnosis of
peduncular polyp of the colon. IFP of the large intestine
is not fatal and patients remain asymptomatic in their
daily lives except for gastrointestinal bleeding or bowel
obstruction; therefore, it is likely that, in the future,there
will be many latent patients with colorectal IFP who might
be incidentally discovered.
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Abstract
A 3 1 -ye a r- o l d fe m a l e w h o h a d w e l l - e s t a b l i s h e d
polycythemia vera one year before, presented with
the sudden onset. She had severe ascites and hepatic
encephalopathy 12 d prior to admission. Real-time
ultrasonography revealed a supra hepatic thrombosis
e x t e n d i n g t o wa r d t h e i n fe r i o r ve n a c a va ( l V C ) .
Thrombolytic therapy with systemic streptokinase
(250 000 IU loading + 100 000 IU/h infusion) was
started. At the end of 72 h infusion, the patient's general
condition improved. A color Doppler ultrasonography
then showed complete and partial resolution of
the thrombosis in the supra hepatic vein and IVC,
respectively. Despite this good response, 12 d later, the
symptoms recurred. Venography detected complete
obstruction of the lVC. Percutanous balloon angioplasty
with stent insertion was performed successfully and the
patient was discharged without any evidence of liver
disease. A combination of systemic streptokinase and
radiological intervention was effective in our patient.
© 2007 WJG . All rights reserved.

Key words: Hepatic vein thrombosis; Anticoagulants;
Thrombolytic therapy; Stents
Reza F, Naser DE, Hossein G, Mehrdad Z. Combination of
thrombolytic therapy and angioplastic stent insertion in a
patient with Budd-Chiari syndrome. World J Gastroenterol
2007; 13(27): 3767-3769

http://www.wjgnet.com/1007-9327/13/3767.asp

INTRODUCTION
Budd-Chiari syndrome (BCS) is a rare entity caused by the
obstruction, usually thrombotic in origin, of the hepatic

venous outflow[1]. It may be a result of various etiologies
including myeloproliferative disorders (polycythemia
rubra vera, chronic myelogenous leukemia, essential
thrombocythemia, agnogenic myeloid metaplasia),
malignancies, infections and benign hepatic lesions, oral
contraceptives, pregnancy and other hypercoagulability,
states. It usually involves one, two or all the three major
hepatic veins with or without extension of the thrombus
into the inferior vena cava (IVC). The syndrome may
presents with acute (sometimes fulminant), subacute
or chronic signs and symptoms of abdominal pain,
hepatomegaly, ascites, the lower extremities edema, and
venous collateral formation. Without treatment, patients
often die primarily of progressive liver failure from
chronic hepatic congestion[2].
S o f a r, d i f f e r e n t t h e r a p e u t i c m o d a l i t i e s h ave
been sug gested. These include medical treatments
(supportive measures, anticoagulants, and thrombolytics),
radiological procedures e.g., angioplasty, trans-jugular
intrahepatic portacaval shunt (TIPS) and stenting,
and surgical interventions (shunting procedures and
liver transplantation). There are only few reports of
success following conventional treatments such as
anticoagulants and diuretics. Radiological procedures and
surgical interventions are the most effective treatments
recommended for BCS. These include angioplasty, stenting,
open endvenectomy[3], shunt and TIPS operations, and
more recently, liver transplantation[2].
Fibrinolytic therapy should be restricted to acute or
subacute conditions when the formed thrombus is young
enough to be resolved by thrombolytic therapy[1].
In this report, we present a patient with BCS who was
treated successfully with a combination of thrombolytic
therapy and angioplasty with stent insertion.

CASE REPORT
A 31-year-old woman, with a one-year histor y of
polycythemia vera was admitted to our center for a
progressive abdominal distension, right upper quadrant
abdominal pain, nausea and vomiting for 12-15 d. On
physical examination, a massive ascites, pitting edema
of the lower extremities and hepatosplenomegaly were
evident. Based on the laboratory findings (Table 1),
the patient was diagnosed as having stage Ⅱ hepatic
encephalopathy. Real-time ultrasonography, color Doppler
and Venography of abdominal veins showed a thrombosis
in the hepatic vein and IVC, 5 cm proximal to the hepatic
vein junction, deteriorating the blood flow of the portal
www.wjgnet.com
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Table 1 Changes in laboratory findings within 10 d
M H V

Day of submission
st

3

WBC (/mm )
Hb (g/dL)
Plt (/mm3)
Cr (mg/dL)
BUN (mg/dL)
ALT (U/L)
AST (U/L)
ALP (U/L)
BLT (T) (mg/dL)
BLT (D) (mg/dL)
PT1 (s)
PTT (s)

nd

th

1

2

4

18 000
19
421 000
2
29
101
165
315
3.7
1.9
20
55

16 500
16
410 000
1.8
25
84
127
229
19
50

14 300
12
380 000
1.8
27
61
87
218
15
49

L H V

th

10

8000
11.5
275 000
1.3
18
22
39
1.8
0.45
222
45

R H V

Figure 3 Post-stenting sonography, showing the right, left and middle hepatic
veins.

1

Mean normal PT was 13 s; 2Patient received warfarin.

Figure 1 Venography of complete
obstruction of IVC.

Stent

Figure 4 Post-stenting venography.

IVC THR

Figure 2 Location of venous thrombosis in IVC on the ultrasound.

vein and IVC (Figures 1 and 2). The renal vein was normal.
The hepatic and splenic longitudinal diameters were 20 and
16 cm, respectively. The urinary output was slightly low <
400 mL/24 h. All these findings were clearly in favor of an
acute BCS. The initial treatment was systemic streptokinase
at a loading dose of 250 000 IU for 30 min, followed
by a maintenance dose of 100 000 IU/h for 72 h. She
also received the standard treatment for encephalopathy.
Streptokinase therapy increased the urinary flow to 35
mL/h and reduced both the ascites and the liver size. After
four days, the hepatic encephalopathy subsided completely.
During the thrombolytic therapy, the serum fibrinogen
www.wjgnet.com

level was measured every 12 h, which ranged between 160
and 200 mg/dL. After completion of thrombolytic therapy
(on the third day), Doppler ultrasonography showed an
acceptable patency of both IVC and hepatic vein due to
complete resolution of the thrombi (Figure 3). Thereafter,
the standard anticoagulant therapy was started. The patient
was heparinized first and followed by administration of
warfarin for attaining a target international normalization
ratio (INR) of 2 to 3. To maintain a hemoglobin level <
12 g/dL, 1000 mg/d hydroxyurea along with repeated
aggressive phlebotomy was administered from the first day.
The patient's weight and abdominal distension gradually
reduced until the 15th d after admission.
After two weeks, the abdominal pain and a progressive
ascites recurred unexpectedly. Venography showed a 5-cm
thrombus located in the IVC, proximal to the hepatic
vein. The hepatic venous flow was minimal, yet no
thrombosis was observed. After percutanous transluminal
balloon angioplasty (PTA) was performed, the blood
flow of the IVC was restored. However, over the next
48 h, the flow decreased and recurrent stenosis made it
necessary to repeat PTA with insertion of a wall stent
in the IVC (Figure 4). Two wall stents were placed in
the IVC. Color Doppler ultrasonography after stenting
showed a complete flow with good patency of both the
hepatic vein and IVC. The patient was kept under close
observation during the early post-intervention period.
Over the next 48 h, the patient's symptoms subsided, the

Fatemi Reza� et al . Thrombolytic therapy and angioplastic stent insertion

urinary output increased, and the abdominal girth returned
to normal. The anticoagulant therapy was instituted. ASA
325 mg/d was added after the stent insertion. Five days
after the intervention, the laboratory tests revealed WBC:
11 000/mm3, Hb: 12.5 g/dL, serum creatinine: 1.2 mg/dL,
BUN: 23 mg/dL, ALT: 19 IU/L, AST; 25 IU/L, a total
serum billirubin level; 0.6 (direct = 0.2) mg/dL, PTT: 40
s, and INR: 2 (PT = 20 s). After one year at follow-up,
the patient's status was satisfactory and the hepatic vein
and IVC blood flow was complete as assessed by color
Doppler ultrasonography at each visit.

DISCUSSION
Budd-Chiari syndrome can be defined as any pathophysiologic process resulting in interruption or diminution
of the normal blood flow out of the liver. If left untreated,
it is almost always lethal of progressive liver failure due
to chronic hepatic congestion. Medical treatment with
diuretics controls the ascites. However, it just provides
symptomatic relief. Radiological interventions and surgical
approaches to address the underlying etiology are the best
treatment to restore the hepatic venous flow[2]. A variety of
non-medical approaches have been proposed. Currently,
invasive methods like meso-caval or meso-arterial
shunting, angioplasty, either alone or in combination with
stenting and TIPS, are accepted as standard treatments for
BCS. They, however, cannot be employed under certain
circumstances, such as severe hepatocellular damage,
seriously ill patients or those with extensive thrombosis.
Angioplasty with or without stent insertion is the
treatment of choice for many acute cases of BCS involving
the IVC. In this technique, the length of thrombosis is
an important limiting factor[4]. Due to recurrent stenosis
following percutaneous balloon angioplasty, it is necessary
to utilize wall stents in many cases. However, further
evaluations are required to watch for the intimal fibrosis
and subsequent obliteration of the wall stent.
While the conventional anti-coagulation therapy has
been poorly effective with the 5-year venous patency of
only 10%, the thrombolytic therapy with rTPA, urokinase,
or streptokinase is recently reported to be promisingl[5-7].
Sholar et al reported two cases of BCS due to paroxysmal
nocturnal hemoglobinuria that were successfully treated
with streptokinase [8]. In another report, seven patients
with hepatic vein and vena caval thrombosis plus
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disturbed hepatic function were treated with streptokinase.
The treatment was successful in four patients with no
recurrence[9]. The successful treatment of two children with
BCS by this method has also been reported[10]. Although,
thrombolytic therapy is used mainly in acute phase of the
disease, it may be used as a temporary treatment either
to improve the condition of seriously ill patients awaiting
surgery, or to reduce the length of the thrombus while
preparing the patient for angioplasty and stent insertion.
In conclusion, a combination of thrombolytic therapy and
angioplasty with wall stent insertion might be beneficial
to the patients in the acute phase of BCS. Nevertheless,
more investigations are required to evaluate its definite
effectiveness and safety.
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Abstract
Double common bile duct (DCBD) is a rare congenital
anomaly in which two common bile ducts exist. One
usually has normal drainage into the papilla duodeni
major and the other usually named accessory common
bile duct (ACBD) opens in different parts of upper
gastrointestinal tract (stomach, duodenum, ductus
pancreaticus or septum). This anomaly is of great
importance since it is often associated with biliary
lithiasis, choledochal cyst, anomalous pancreaticobiliary
junction (APBJ) and upper gastrointestinal tract
malignancies. We recently recognized a rare case of
DCBD associated with APBJ with lithiasis in better
developed common bile duct. The opening site of ACBD
was in the pancreatic duct. The anomaly was suspected
by transabdominal ultrasonography and finally confirmed
by endoscopic retrograde cholangiopancreatography
(ERCP) followed by endoscopic sphincterotomy and stone
extraction. According to the literature, the existence of
DCBD with the opening of ACBD in the pancreatic duct
is most frequently associated with APBJ and gallbladder
carcinoma. In case of DCBD, the opening site of ACBD
is of greatest clinical importance because of its close
implications with concomitant pathology. The adequate
diagnosis of this rare anomaly is significant since the
operative complications may occur in cases with DCBD
which is not recognized prior to surgical treatment.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Double common bile duct (DCBD) is a rare congenital
anomaly in which two common bile ducts exist. One
usually has normal drainage into the duodenum and the
other usually named accessory common bile duct (ACBD)
opens in different parts of upper gastrointestinal tract
(stomach, duodenum, ductus pancreaticus or septum).
Bile from different parts of the liver is drained through
the ACBD. This anomaly is of great importance since it
is often associated with lithiasis in the ectopic bile duct,
choledochal cyst, anomalous pancreaticobiliary junction
(APBJ) and upper gastrointestinal tract malignancies.
Anomalous pancreaticobiliary junction is a congenital
anomaly in which the pancreatic and biliary ducts are
joined outside the duodenal wall forming a long common
channel [1] . It is well known that APBJ is frequently
associated with congenital choledochal cyst and cancer of
the biliary system regardless of DCBD existence[2].
We recently recognized a rare case of DCBD associated
with APBJ and lithiasis in better developed common bile
duct.

CASE REPORT
A 65-year-old woman underwent cholecystectomy due to
calculosis in 1980. In 1992 she had choledocholythiasis
and underwent ERCP with endoscopic sphincterotomy
followed by the calculus extraction. After that she had no
problems for several years and in 1998 she was referred
again to the regional hospital and ERCP, additional
sphincterotomy and calculus extraction were performed
again.
In November 2005, she was referred to our hospital
because of pain in the right upper abdomen, accompanied
by nausea, chills and mild fever for four weeks before
admission. Her physical examination revealed only mild
tenderness in the right upper abdomen. Routine laboratory
analysis showed slightly elevated alkaline phosphatase,
normal blood cell counts, normal renal and hepatic
function and normal serum and urine amylase levels.
Transabdominal ultrasonography disclosed the absence
of the gallbladder due to previous cholecystectomy, the
dilatation of the common bile duct of 16 mm and clearly
visible choledocholithiais of 15 mm in its lumen. It is an
interesting finding that, among the four parallel ducts,
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Figure 3 ERCP showing left
CBD (CBD: common bile duct;
ACBD: accessory common
bile duct; APBJ: anomalous
pancreaticobiliary junction; W:
main pancreatic duct-Santorini;
C: canula).

W

Figure 1 Transabdominal ultrasonography showing four parallel ducts.

Figure 2 ERCP showing right
CBD with calculus in its lumen
(CBD: common bile duct; C:
canula).
CBD
Calculus

C

the most anterior was the presumed ductus choledochus,
the second one probably ACBD, the third one hepatic
ar ter y and the last one the por tal vein (Figure 1).
Endoscopic ultrasonography demonstrated dilated ductus
choledochus with calculus in its lumen and one bile duct
without calculosis adjacent to the main duct. On ERCP,
we saw two separate openings in the zone of the earlier
sphincterotomized papilla duodeni major. After canulating
the upper opening, the contrast medium was introduced
into the dilated bile duct with big calculus in its lumen.
We observed intrahepatic bile ducts of the right liver lobe,
but could not fill the intrahepatic bile ducts of the left
liver lobe (Figure 2). After that we canulated the lower
opening on the papilla duodeni major, the contrast filled
pancreatic duct, and the APBJ was revealed. We noticed
that very close to the distal end of the pancreatic duct
there was a communication with large bile duct and the
contrast filled the previously missing part of the left liver
lobe intrahepatic bile ducts (Figure 3). We performed
endoscopic sphincterotomy of the upper opening and
extracted the calculus from the right common bile
duct. No complications occurred after the procedure
and the patient was without symptoms and laboratory
abnormalities on the control examination six and twelve
months later.

DISCUSSION
It seems that double common bile duct is a very rare
anomaly in western world, since Teilum[3] identified only 24

cases in western literature until 1986. On the other hand,
Yamashita reviewed Japanese literature from 1968 to 2002
and found 47 patients with this anomaly[4].
The origin of this rare anomaly could be related to a
random subdivision of the hepatic diverticulum during
the first week of embr yogenesis [5] . The embr yonic
development of the liver, gallbladder system and biliary
tree starts around the third week of gestation, when the
primordial liver, designated as the hepatic diverticulum, is
formed as an outgrowth of the endodermis in the distal
part of the anterior intestine. As the hepatic diverticulum
grows, its cells penetrate the mesenchyma of the ventral
mesogastrium, dividing into a ventral and a dorsal bud. The
primitive gallbladder is formed from the ventral bud (pars
cystica). The dorsal bud (pars hepatica) divides in turn to
the left and right liver lobe. As the liver and biliary tree
develop inseparably, the stem of the hepatic primordium
becomes the bile duct[6]. The definite lumen of the bile
tree is developed by recanalisation of the epithelium.
Another important feature of the bile duct development
is rotation of the primitive duodenum along its longer
axis, which brings the bile duct dorsal to the upper limb
of duodenum. The development of double common bile
duct can be ascribed to disturbances in recanalisation of
the hepatic primordium[7].
If we define the ACBD as the channel of the aberrant
common bile duct which did not open into the major
duodenal papilla, it can open into various parts of the
digestive tract, all portions of the duodenum (including
the site just above the major duodenal papilla), pancreatic
duct, or it can only be presented by a septum in the
common bile duct. Goor and Ebert [8] made an effort
to embriologically classify different types of DCBD
according to the anatomic appearance of the anomaly.
Saito et al [9] modified the classification based on Goor
and Ebert’s morphological grouping which consisted of
4 different types of DCBD regardless of the site of the
ACBD opening. On the other hand, the most important
clinical feature of the DCBD seems to be the site of
opening of the ACBD. Yamashita et al[4] highlighted the
clinical importance of the opening site of the ACBD
rather than its anatomic appearance. According to that
gastric and biliary system cancer, APBJ, choledochal cysts
and biliary lithiasis are the most serious complications of
this condition. Gastric cancer is a possible complication
usually found in patients with ACBD opening in the
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stomach, while gallbladder cancer and ampullary cancer
usually occur in patients with ACBD openings in the
second portion of the duodenum and pancreatic duct.
Most of the cases of biliary system cancers are associated
with APBJ. Approximately one third of the patients with
DCBD have choledocholithiasis and 10% have choledochal
cysts [4].
Our patient had the ACBD opening in the pancreatic
duct. According to the literature, this opening site of
the ACBD is most frequently associated with APBJ
and gallbladder carcinoma. Our patient underwent
cholecystectomy 25 years ago due to lithiasis but not
to carcinoma. At the same time, she had APBJ and
choledocholithiasis of the better developed common
bile duct. We decided not to give surgical treatment due
to patient’s age and general condition, but performed
endoscopic sphincterotomy with successful stone
extraction.
Treatment options of DCBD depend on the coexistence of APBJ and concomitant gastric or biliary system
cancer. In cases without cancer, the resection of ACBD
is recommended for surgical treatment. When APBJ is
present, the separation of the flow of bile and pancreatic
juice into the gastrointestinal tract should also be
performed to prevent cancer in the biliary system[10].
Precise preoperative recognition of this anomaly is rare
but very important. Preoperative adequate diagnosis of
biliary tree anomalies prevents surgeons from impairing
the anomalous bile duct who discovered these anomalies
at operation accidentally. Our case is interesting that
transabdominal ultrasonography displayed a clinical
suspicion of DCBD. Magnetic resonance cholangiography
could also reveal the existence of this anomaly, especially
when the confluence of the right and left hepatic ducts
were not clearly shown. [11] In such a situation careful
surgical dissection should be performed followed by
intraoperative cholangiog raphy in order to avoid
unnecessary injury of the bile duct.
Long-term results after treatment of DCBD depend
mostly on concomitant cancer, because biliary system
cancers have bad prognosis. APBJ will also influence the
outcome because it is closely associated with biliary system
cancer.
In conclusion, a case of DCBD associated with APBJ
and choledocholithiasis was reported. In case of DCBD
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the opening site of ACBD is of greatest clinical importance
because of its close implications with concomitant
pathology. The adequate diagnosis of this rare anomaly
is stressed since the possible operative complications may
occur when DCBD is not recognized prior to surgical
treatment.
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Abstract
This is a case report of a patient who presented with
acute pancreatitis without the common causes. A
pancreatic biopsy revealed large B cell lymphoma. Spleen
lymphoma with pancreatic involvement inducing acute
pancreatitis, which is a rare disorder, was diagnosed.
Here we also review the few similar cases reported in
the literature.
© 2007 The WJG . All rights reserved.
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INTRODUCTION
The spleen is involved in 30%��������
-�������
40% of
��� ��������������
n�������������
on-Hodgkin���
’��s
lymphoma� cases
����������������������������������
and�������������������������
������������������������
primary spleen lymphoma ������
(�����
PSL��)����
���
is
a rare disorder, with an �������������
i������������
ncidence of�����������
����������
less than ��
1%[1]. Most
patients ha���
ve� �����
only ����������������������
nonspecific ����������
symptoms, ��������
such����
as ���������
fatigue,
weight loss, ����
and ������
fever ���
of ����������������
unknown source, ���������������
so it is there�
������
fore difficult to����������������������
diagnose at
���������������������������������
an����������������������������
early stage.
������� The
��������������
prognosis
for patients with� �������
PSL is
��� ������������������������
related to the stag�����
e of ������������
the disease�
and pathological cell type�����������
involved��. ��������
Here w��e ���������
report a �����
case�
of�����������������������
malignant lymphoma of the
��������������������������������
spleen with invasion to the
����
pancreatic tail with�������������������������������������
�����������������������������������������
present�����������������������������
at���������������������������
i��������������������������
on������������������������
as acute pancreatitis.� We
���

also �����������
review the �����������
literature� ���
on �����
PSL.

CASE REPORT
A 68-year-old female patient ���������������
presented with complain���
�����������
ts
of abdominal pain for 3 d and weight loss of
���������
������
about
6 kilograms in one month. �����������������������
Symptoms also included
a���������
norexia, nausea,
�������� and
���� �������������
postprandial
�����������������������
vomiting.
���������� ���������
P��������
ain was
����
localized to
�������������
the�������
right upper
������ �������������
quadra�������
n��������������
t and ����������������
was�����
not related
��������
to meal or�������������
��� ������������
bowel habit ���������
change���
s��. ���������
The pain ������
could ������������
be relieved
by assuming
�����������a ������������������������
knee-chest position and a�� left
��������������������
side decubitus
posture. The symptoms did
���� not
������������
include� ����������
cough and �������
fever.
The patient had�����������
a history of
��������
type 2�� diabetes
��������� ��������������
mellitus������
with
oral hypoglycemic agent control for more than 5 years. She
denied any other systemic
������������������������������������������
disease and����������������������
���������������������
did not��������������
have a���������
habit
������
of smoking ���
or����������������
alcohol
���������������
abuse. �������������������������
The patient was ������������
admitted����
to
���
the hospital after being seen in the emergency room�.
Physical examination showed anemic conjunctiva, no
icteric sclera, and
���� mild
����� right
������ upper
������ ���������������������
quadrant tenderness.
Neither a������������������������������������������
mass
����������������������������������������
nor lymph nodes were palpable. The
spleen was palpable about 8 cm below the
���� ���������������
costal
������� margin.
��������
Laboratory test������������������������
s�����������������������
����������������������
showed the following: ������
white ������
blood �����
cell
count��,������������
6300/cumm��
�����������;�������������
������������
hemoglobin��,� �����
12.0 ����
g%��;������������
�����������
p����������
latelet���
s,�
101 000/cumm��;����������
���������
segment��,������
�����
60%��;� �������������
lymphocyte���
s,������
�����
30%��;�
monocyte���
s,� �����
10%��;��������
�������
sugar��,� ����
155 �������
mg/d���
L��. ������
L�����
iver ���������������
panel results,�
including total bilirubin, alanine aminotransferase, asparate
aminotransferase, gamma glutamyltransferase, and
���� �������
lactic
dehydrogenase�������������������������
,������������������������
were within �����������
the normal
������� ���������������
range. Amylase
was 410 U/L (< 180 U/L)� and
���� l����������
�����������
ipase was �����������
715 U/L (< ����
160
U/L). �������������
An�����������
abdominal computed
��������� tomography
����������� (CT)�
����������
�����
scan
showed a mass lesion of
���������
about
������ 11.2
����� ���������������������
cm at ���������������
the pancreatic
�����������
tail and the
����������������
spleen
������������
with multiple
��������� lymphadenopathy
���������������� around
�������
the tumor��. ��������
S�������������������������������������������
plenic �����
vein ����������������������������
obliteration was also noted����
���
as
well as e���������
dematous change
������� over
����� the
������������������������
peripancreatic
��������������������
area
(Figure� �������
1A�����
-����
C).����������������
���������������
A���������������������������������
panendoscopy �������������������
examination showed
esophageal and gastric varices. Our initial impression was
tumor invasion result��������������������������
ing�����������������������
in acute pancreatitis.
Tumor markers��,�����������
����������
including �������������������������
carcinoembryonic antigen�
(CEA), alfafetal protein��������
(AFP),
������� and
���� �������
C19-9��,�������������
������������
were within�
the���������������
normal range. ������������
Sono-guided �������
biopsy �����
over ���������������
the �����������
pancreatic
tumor was carried
�������� out��
�����. Pathological
��������������������������������
examination showed
diffuse large B-cell lymphoma��.� ��������������������������
Cytokeratin was negative��,�
LCA was positive, CD20 ��������������
was positive,
���������� ����
and ��������
CD3 ����
was
negative����������������
���������������
(Fig�����������
ure �������
2A�����
-����
C). ����������
The brain ����������������������
CT �������������������
scan ��������������
was negative.
Chest imaging��������
���������������
showed right
���������������������������
pleural effusion and a�������
pig����
tail tube was inserted.� ���������
Analysis �����������
of pleural ������
fluid �������
showed ���
no�
malignant cells.
The patient fasted with fluid hydration and electrolytes�
�������������
for 3 d. Subsequently, the abdominal���������������
������������������������
pain ���������
subsided
www.wjgnet.com
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Figure 1 A: Arrow head-pancreatic tail with edematous and swelling changes, with
the lesion adhered to the main tumor over the spleen. Long arrows-hypodense
tumor mass occupying the spleen hilum; B: Arrow head-more involvement in the
pancreatic tail. Long arrow-the main tumor with mild necrotic change over the
spleen; C: Arrow head-the pancreatic tail is still enlarged, with swelling and little
fluid acumination. Long arrow-tumor occupying the upper pole of the spleen.

and a b���������
iopsy of���������������������������������������
��� the
��������������������������������������
����������������������������������
pancreas was performed������������
���������������������
. After the
procedure, the patient’s
���������� �������������������
condition ���������
remained���������
��������
stable��.�����
����
Our
initial treatment plan ����
wa��s ��������������
chemotherapy. ���������������
Unfortunately,
fever and ��a ��������
urinary ��������������������������
tract infection developed �������
on ����
the �7th
day after admission. Cefazolin��,���1�� gram
��������������������
�����������
every 8�����
h������
,�����
and
����
Gentamycin��������������
,�������������
80 mg every ���
12 ����������������������
h���������������������
,��������������������
were administ������
er����
ed.
However��,�������������������������
sepsis
������������������������
with respiratory �������������������
failure developed, ����
the
chemotherapy was ����
put ��������
on hold
����� ����
and �����������������
the patient died ������
after
12 d of hospitalization.

DISCUSSION
Acute pancreatitis is a disorder ��������������
with����������
numerous �������
causes
and an obscu�����������������
r����������������
e pathogenesis. Bile
���������������������
duct stones and
alcohol abuse together account� ����
for ����������
about 80% ���������
of acute
pancreatitis. Other causes are�
���� �������������������
various toxins�����
and��������
�������
drug���
s,�
obstructi�����
ons,���������
��������
such ���
as ������������
malignancy, �������������������
fibrotic sphinctor ���
of
Oddi, metabolic abnormalities, trauma, ischemia, infection,
and autoimmune
���������������������
diseases. ���
In 10%
���� of
�������
the cases
������ ���������
of acute
pancreatitis no underlying cause can be
���������������
identified������
����������������
, and
����
these cases are described as idiopathic
�������������������������
pancreatitis. Occult
�������
microlithiasis may be the cause of two��������
-����������
thirds �������
of ����
the ������
cases
of idiopathic
�����������������������������
acute pancreatitis[2].
A��������������������������
cute pancreatitis related to
���������
tumor obstruction
�������������������
�������
is�����
not
unusual�����
and���������
��������
primary pancreatic
����������� ��������������������
carcinoma (about 3% of�
���
all patients) and common bile duct cancer are����������
��������
the main
�����
etiolog�����
ies��. A
�� case
����� of
��� carcinoid
���������� tumor
������ ����������������
of the
�������������
pancreas
���������
with obstructive pancreatitis has
�������������������
been�����������
reported.� ������
Acute
pancreatitis caused by metastatic carcinoma i��
���s ����������
uncommon,
with� ������������
broncogenic ���������������������������������
carcinoma as the main metastas���
i��
sinduced pancreatitis tumor[3,4]. Metastasis-induced acute
pancreatitis typically has
���� occurred�������������
��������� in
������������
patients known
���������
to
have advanced brochogenic carcinoma [5]. Our patient
presented with
��������������������������������������������
typical
���������������������������������������
abdominal����������������������
�������������������������������
pain and high level��s�
of amylase and lipase. We excluded other etiolog����
ies�
of pancreatitis, and
�����������������������������������
therefore����������������������
spleen lymphoma with
pancreatic involvement was the main etiology of ����
the
observed acute
�������������������
pancreatitis.
Das Guta et al stated that clinical presentation ���
of
www.wjgnet.com

Figure 2 A: Pancreatic tail biopsy showing diffuse large lymphoid cells with highly
polymorphic nuclei; B: The neoplastic cells are negative for T cell-associated
markers, CD3; C: Large lymphoid cells stained by CD20.

these symptoms ���������������������������
must indicate��������������
����������������������
splenomegaly ������������
without any
evidence of disease elsewhere. They emphasized that the
liver biopsy specimen����������������������������������������
,���������������������������������������
as well as para-aortic and mesenteric
lymph nodes��,��������
�������
should ���
be �����
free ���
of ����������
malignant ��������
lymphoma[5].
Sharin et al reported
��������� on��������������
����������������
splenomegaly ��������������������
without significant
lymphoadenopathy and no hepatomegaly or peripheral
blood involvement[6]. Catherian et al defined malignant
lymphoma with primary presentation in the spleen as
splenomegaly without peripheral lymphadenopathy,
pathological involvement of spleen with or without
involvement of regional lymph nodes, bone marrow
or liver[8]. �����������
Therefore, ����
our ��������
patient ������
c�����
ould��������������
�������������
be diagnosed����
�������������
���
as
having���������
primary malignant
�����������������
spleen lymphoma
��������������������
due to the
main ������������
involvement ���������������������������������������
of the ��������������������������������
spleen without peripheral blood
involvement��,�����������������������������
according
����������������������������
to the definition ���
of Catherian
���������� et al.
The spleen is involved in 30���������
%-�������
40%����
of ����
the ������
cases
of ���������������������������
n��������������������������
on-Hodgkin����������������
’���������������
s lymphoma� ����
and� ����������
PSL�������
has a ���������
reported
incidence of less than 1%. In ����������
published����������
���������
reports, ����
the
incidence of diffuse large cell lymphoma in PSL��������
���� varies
�������
from 22.4����������
%���������
to 33.3%[1].� ��������
Large B �����
cell ����������
lymphoma��,������������
presenting
�����������
with a tumor mass��, is�������������������
��������������
associated with
������������������
a relatively
���������������������
favorable
����������
clinical course and the clinical presentation �����������
of a�������
tumor
confined to the spleen and the hilar lymph node is
associated with lower aggravates
����������[7]. The most common
presenting symptoms in malignant lymphoma ���
of ����
the�
spleen are fever, malaise�����������������
������������������������
and weight loss.
There are some ����������������������
reports that����������
revealed large
��������
B cell
�����
lymphoma in
�������������������������������������������
the
����������������������������������������
spleen in patients with hepatitis C ������
virus
infection[5]. The prevalence of HCV infection (51.7%) in
the examined splenic diffuse large B cell lymphoma cases
,������
10����
,���
11]
was significant���(P < 0.05)[1�������
. Saadoun et al demonstrated
that treatment with interferon and ribavirin led to a
complete v�����������
irological� ���������������������������
response and hematological ����������
remission
as well as the disappearance����
of�����
its
���� �������������������
clinical symptoms.
However, there were no studies indicating ��������
whether
aggressive�����������
treatment ��������������������
of HCV infection by ����������
pegylated
interferon is effective in treat���������������������������
ing or preventing����������
lymphoma�.
The spleen can accommodate different types of
large B-�����
c����
ell �����������
lymphoma���
s��, �����������
which������
need ��������������������
to be distinguished�
��������������

Wu���
CM
�� et al . Spleen lymphoma induced acute pancreatitis

to establish a precise prognosis and the most suitable
treatment [5]. �������������
L������������
arge B-cell lymphoma
����������������������������
in ����������������
the spleen
������������
as a
tumor mass �����������������
has a������������
relatively ����������
favorable ���������
clinical ������
course[12].
Only a�� ����
few ���������������������������������
case reports have
��������������������
been�����������
published ��������������
that included�
pancreas involvement.
In the�
���� ���������������
case�����������
discussed ����������������
in this report��, ������������
the patient
presented with non-specific symptoms��,��������������
such
�������������
as body
weight loss and fatigue, followed by acute abdomen
pain and symptoms of pancreatitis. The tumor wa��
����s
large enough to detect in the imag�������������
ing����������
studies��, ��������
such����
as
sonography or CT scan. A�������������������������������
�� main
������������������������������
problem is���������������
�����������������
detect��������
ing�����
the
tumor as soon as���������������������������������������
possible������������������������������
because prognosis is related ���
to
tumor stage. ����������������������������������
Therefore�������������������������
acute pancreatitis with ��������
unknown�
etiology needs more detail���
ed�������
������
study �������������������
to exclude primary
pancreatic or metastas����������������������������������
is��������������������������������
, especially with
�������������������
��������������
those ��������
showing�
previous warning symptoms��, ��������
such����
as ���������
fatigue, ��������
malaise ���
or
unknown cause of fever. If we could detect tumor�����������
s����������
���������
earlier��,
prognos���������
e��������
s w�����
ould������������
�����������
be better. ������������������������
Even if
�������������������
tumors are hard
����� to
���
remove surg��������
ically��, �������������
chemotherapy �������
should �������������
be effective.
The experience of our patient also warn���
ed� ��������
us������
that�
these patient����������������
s���������������
have����������
��������������
weakened����������
��������� ���������
immun����
ity ����
and �������
�����������
sepsis may
���� ���
be
a� ������
major ������
cause ���
of �����������
mortality. I�����������
������������
f there
���������
is �������������������
clinical ����������
suspicion� ���
of
sepsis, antibiotics are�����������
��������������
indicated.
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Abstract
Bronchoesophageal fistulas are usually diagnosed in the
neonatal period. As such, the condition is rare in adults.
We present a case of a congenital bronchoesophageal
fistula in a 62-year-old man with the complaint of severe
bouts of cough and choking after swallowing liquid. His
workup included a barium esophagogram that revealed
a fistula between the esophagus and a right lower
lobe bronchus. The diagnosis should be considered in
certain individuals with suggestive symptomatology
and unexplained respiratory pathology. The fistula was
divided and resected, The patient had an uneventful
recovery.
© 2007 WJG . All rights reserved.

Key words: Bronchoesophageal fistula; Congenital;
Diagnosis; Treatment
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INTRODUCTION
Congenital bronchoesophageal fistula (BEF) is usually
associated with esophageal atresia and is readily diagnosed
in infancy. But if it is not associated with esophageal
atresia, it may persist until adulthood. We present a case of
a 62-year-old man with congenital BEF. The patient was
treated surgically, with ligation and resection of the fistula.
The patient had an uneventful recovery and tolerated a
regular diet without coughing at the time of his discharge.
www.wjgnet.com

CASE REPORT
A 62-year-old man was admitted to our hospital with
the complaint of severe bouts of cough and choking
after swallowing liquid. The patient had done well until
6 mo prior to the admission. The increased symptoms
of cough developed. Laryngoscopy showed nor mal
motion of the vocal cords. Bronchofiberscopy revealed
no abnormalities. Esophagoscopy showed a depressed
lesion that looked as if it was papilla or a dimple without
inflammation at a distance of 30 cm from the incisors in
the middle intrathoracic esophagus, but the fistula opening
was invisible. The barium esophagram demonstrated a
fistulous connection between the esophagus and a right
lower lobe bronchus (Figure 1). He had no significant
medical or surgical history and did not smoke or drink
alcohol. His physical exam was unremarkable, as was his
admission chest radiograpy, abdominal films, and results
of laboratory tests.
The patient underwent a right posterior lateral
thoracostomy. The fistula was identified between the
middle intrathoracic esophagus and the right intermediate
bronchi. The diameter of the fistula in the patient was 8
mm, with a length of 2.40 cm (Figure 2). There was no
evidence of inflammation or adherent lymph nodes around
the fistula. The tract was divided and resected, and covered
with fibrin glue. Pathological examination of the resected
specimen revealed that the fistula was lined by benign
squamous epithelium with the muscularis mucosa, and
there was no evidence of malignancy, infection, or chronic
inflammation. The postoperative course was uneventful.
No cough and dysphagia after swallowing liquid in the 7th
day after operation.

DISCUSSION
Congenital BEF or tracheoesophageal fistula (TEF) were
first reported by Negus in 1929[1]. These congenital fistulas
are still rare in adults[2-5]. Diagnosis can be difficult because
of the nonspecific nature of the symptoms. Benign
bronchoesophageal fistulas can remain undiagnosed for
years. Bouts of coughing when swallowing liquids (Ohno’s
sign) are reported to be pathognomonic for this condition
and present in 65% of cases[3,4]. The duration of symptoms
has been reported to vary from 6 mo to 50 years before
diagnosis[2,4,6,7]. One review reported a patient’s condition
diagnosed at the age of 83[2]. The congenital nature of
the fistula is suggested by the absence of adherent lymph
nodes[2] and past or present surrounding inflammation[4], by
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Figure 1 Barium esophagogram
demonstrating the downward
direction of the fistula from the
esophagus to the right lower lobe
bronchus.

Figure 2 Operation demonstrating the fistula tract exiting
between the esophagus and
the bronchus.

the presence of a mucosa and definitive muscularis mucosa
within the fistulous tract[5], and by the patient’s history[8].
Conventional barium esophagography is considered to be
the most sensitive test for diagnosing tracheoesophageal
or bronchoesophageal fistula[4-7,9,10]. Esophagoscopy and
bronchoscopy may not always demonstrate the fistulous
orifice, but these procedures may help us chose modus
operandi[2,4,6,7]. CT scanning may be utilized to rule out the
presence of a neoplasm and adenopathy and to define the
extent of coexisting pulmonary disease, which may need
resection[5,7,11].
Braimbridg e and Keith [8] classified cong enital
bronchoesophageal fistulas into four types. In typeⅠ,
a fistula is associated with an esophageal diverticulum.
Type Ⅱ consists of a short tract running directly from
the esophagus to the bronchus. The type Ⅲ fistula
communicates between the esophagus and a cyst in the
lung lobe, and type Ⅳ involves a fistula between the
esophagus and a sequestered pulmonary segment. Type
Ⅱ is the most prevalent and comprises almost 90% of all
cases in some series[2]. Our patient had a simple type Ⅱ
fistula.
The insidious nature of such a fistula may become life
threatening, with repeated infection leading to pneumonia,
bronchiectasis and abscess formation[5,7,12]. Despite the
benign nature of this anomaly, if left untreated, it may lead
to fatal complications.
For most cases of fistula formation, surgical management
via thoracotomy is the traditional treatment[2,4-7]. The fistula is
exposed and divided, and both the defects in the bronchus
and the esophagus are repaired with interposition of viable
tissue(e.g., pleural or muscular flap) between the suture
lines[4,7,10,12]. Pulmonary resection is often needed in patients
with coexistent pulmonary disease. The prognosis after
surgical repair is excellent. Obliteration of the esophageal
orifice with silver nitrate or biological glue is reserved for

the patient who cannot tolerate thoracotomy.
Congenital BEF is a rare anomaly in adults. Barium
swallow was the most useful diagnostic test. Once a
bronchoesophageal fistula is recognized, surgery is the
treatment of choice.
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Colorectal cancer: Pathways, pathology and practice: From
the editor
This 5-part topic review series, “Colorectal cancer: Pathways, pathology and practice”, was designed to provide
expert opinion and new insights for the Journal’s readership. Ideal management of colorectal cancer often requires
consultation from many different clinical specialties, and thus the authors for this series were selected from the
relevant disciplines of colorectal surgery, gastroenterology, medical oncology and pathology, to provide their expertise
as well as their unique perspective. The reviews are further enriched by contributions from important medical
scientists.
The series begins with an introduction to colorectal carcinogenesis, providing a framework for the subsequent
discussion. Attention then shifts to the pathological consequences of these molecular aberrations, particularly as they
relate to the developing concept of the serrated neoplasia pathway. From this foundation, the series then covers
evolving areas in clinical practice, focusing on new developments in colorectal cancer chemotherapy, and finally
surveillance of patients following surgical resection.
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Abstract
This review explores the chief genetic and epigenetic
events that promote pathological progression in colorectal
carcinogenesis. This article discusses the molecular and
pathological basis for classifying colorectal neoplasia
into suppressor, mutator and methylator pathways.
These differing mechanisms of genomic instability are
associated with specific cancer characteristics, and may
provide the opportunity for more effective prevention
and surveillance strategies in the future. This is the first
review in a series of five topics outlining important and
developing aspects of colorectal cancer.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Rapid integration of new endoscopic and molecular
techniques into clinical practice, has established colorectal
medicine in the vanguard of translational research. Close
collaboration between surgeons, gastroenterologists,
oncologists, pathologists, geneticists and molecular
scientists has advanced our understanding of the
www.wjgnet.com

histopathological and molecular stages in colorectal cancer
(CRC). CRCs develop from apparently normal mucosa
into a benign precursor stage, the premalignant polyp,
and can progress to invasive disease [1]. The molecular
mechanisms driving this process and the important
pathological landmarks that characterize CRC, however,
are being continually refined.
In 1988, Vogelstein et al[2] published their molecular
analysis of 172 colorectal neoplasias, including adenomas
from patients with familial adenomatous polyposis
(FAP), sporadic adenomas, and CRCs. They characterized
several of the sentinel molecular events occurring in
progressive pathological stages, from adenoma to cancer.
This research generated the ‘traditional pathway’ model
that integrated these events into a coherent adenomacarcinoma sequence [3] . Conceptually, this traditional
model of the adenoma-carcinoma sequence is extremely
attractive. It is relatively uncomplicated, it is likely to
explain the growth of many cancers and, within the
context of CRC screening, supports the clinical practice
of removing adenomas to reduce, albeit very slightly, the
incidence of invasive neoplasia[4]. The natural history of
adenomas, hyperplastic polyps, and carcinomas, however,
is extremely variable. The discovery of one such subset of
phenotypically distinct CRC, the microsatellite instabilityhigh (MSI-H) group, represents another key milestone
in the scientific history of CRC [5]. MSI-H CRCs show
particular histopathological characteristics, a proclivity
for the proximal colon, relatively rapid progression from
adenoma to invasive cancer, and generally have a better
prognosis for a given stage of disease[6]. MSI-H cancers
result from failure of the mismatch repair (MMR) system,
which is critical in maintaining genetic fidelity following
DNA replication[7]. MMR dysfunction may be caused by
germline mutation of MMR genes as in Lynch syndrome,
also known as hereditary non-polyposis CRC (HNPCC)
or somatic (epigenetic) inactivation of an MMR gene,
most commonly MLH1 [8]. There are other colorectal
lesions, however, that do not strictly conform to either of
these pathways. Some cancers exhibit unique pathological
features and distinct molecular signatures that translate
into specific natural histories. The discovery of epigenetic
mechanisms in colorectal carcinogenesis has necessitated
the development of new frameworks and pathways [9].
More precise characterization of colorectal carcinogenesis
and a better appreciation of the interplay between genetic
predisposition, environmental exposure and luminal events,
will generate new opportunities to improve screening,
surveillance, chemoprevention and therapeutic strategies.

Worthley DL� et al. Colorectal cancer pathways

This article reviews recent developments in defining
colorectal cancer pathways. In particular, we identify
the chief genetic events that advance neoplasia, outline
the histopathological correlates of these molecular
perturbations and, where possible, contrast these differing
mechanisms to emphasize the clinical value of dissecting
out these road maps to cancer.

Cancer: a Disturbance of mutation,
repair and expression
Colorectal carcinogenesis requires a previously normal cell
to accumulate multiple genetic alterations and establish
successive clones, each characterized by relative growth
advantage. This growth advantage may be conferred
through an increased rate of proliferation, impaired
apoptosis, or both. Most cancers probably require between
6 to 10 clonal events to reach their final malignant
phenotype, which also requires the acquisition of
metastatic traits[10]. In addition to simple growth advantage,
the “successful” pre-cancerous clone must develop a
cellular environment permissive of future mutation[7]. This
process, referred to as genomic instability, ensures that
subsequent strategic mutations occur at increasingly greater
likelihood. Genomic instability is critical in carcinogenesis.
It accelerates the neoplastic evolutionary process, by
increasing the mutation rate induced by the background
mutagenic challenge. Without genomic instability, the
acquisition of new mutations would occur far too slowly
for a cancer to develop during a person’s lifetime [11] .
Genomic integrity in a nor mal cell is under careful
scrutiny. The cell cycle and mitotic spindle checkpoints are
critical in this process to ensure that cell proliferation only
follows correct replication and organization of genetic
material, respectively. If the genetic damage is too great
for repair, the cell avoids propagating the damaged DNA
by undergoing apoptosis. When one particular type of
genomic instability predominates and neoplasias progress
through characteristic histopathological stages with similar
genetic alterations, then it is appropriate to consider such a
process as a discrete pathway.
There are two chief categories of genomic instability
in colorectal cancer. The most common is chromosomal
instability (CIN), in which the requisite genetic events
occur through the accumulation of numerical or structural
chromosomal abnormalities (aneuploidy)[10]. The other
main type of genomic instability is microsatellite instability
(MSI), which is a consequence of impaired recognition
and repair of mismatched bases in the daughter strand
of DNA during DNA replication. Microsatellites are
nucleotide repeat sequences scattered throughout the
genome and MSI refers to discrepancies in the number
of nucleotide repeats found within these microsatellite
regions in tumour versus germline DNA (see below). MSI
testing reveals the mismatch repair dysfunction, which
is responsible for generating the genetic events involved
in the MSI pathway of CRC. The mutual exclusivity of
the pathways associated with CIN or MSI suggests that
genomic instability is necessary and that either pathway is
sufficient to drive colorectal carcinogenesis. More recently,
epigenetic factors have been implicated in the development
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Figure 1 Sporadic traditional/CIN/suppressor pathway: sequential pathological
stages and molecular events.

of certain subsets of cancers and polyps [9] . Careful
characterization of the epigenetics, particularly promoter
sequence methylation, has led to the definition of the
CpG Island Methylator Phenotype (CIMP+) cancer and a
proposed novel pathway, the serrated neoplasia pathway[12].

Chromosomal Instability pathway
(CIN) OR SUPPRESSOR Pathway
Approximately 70%-85% of CRCs generally develop via
the ‘traditional’ pathway, which has also been referred
to as the CIN, or ‘suppressor’, pathway[13]. The earliest
identifiable lesion in this pathway is probably the dysplastic
aberrant crypt focus (ACF), a microscopic mucosal lesion,
that precedes the development of a macroscopic polyp[14].
The ‘traditional’ pathway is associated with mutation in
APC or loss of 5q (APC gene), mutation of K-ras, loss
of 18q, and finally, deletion of 17p, which contains the
important tumour suppressor gene p53 (Figure 1) [13].
However, only a very small minority of CRCs characterized
by CIN possess a full complement of these molecular
abnormalities[15]. It is possible that several of these “steps”
can be bypassed by other genetic events to deliver the
necessary biological consequences[16]. Sequencing of the
human genome has provided the opportunity to analyze
tumour-specific mutations in far greater detail and a
recent study discovered many potentially important CRC
mutations outside of the genes referred to above[17]. Some
of these mutations may serve as additional or alternative
steps in the adenoma-carcinoma sequence. Nevertheless, it
is still worthwhile to consider the traditional CIN pathway
genes, as well as the Wnt-signaling pathway affected by
APC dysfunction, in more detail.
APC (5q21)
The adenomatous polyposis coli (APC) gene is large, containing
15 exons with several functional domains, and is thus a
prime target for mutagenesis. Pathogenic mutations in
APC frequently truncate the APC protein, which in turn
interferes with its binding to β-catenin. APC binding to
β-catenin is an important step in dampening down the
Wnt-signaling pathway[18]. Wnt signaling normally helps
www.wjgnet.com
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to regulate growth, apoptosis and differentiation and
thus is particularly relevant in embryogenesis, as well
as maintaining tissue specific stem cell compartments,
including the stem cell compartment found at the base
of colonic crypts [19]. Corruption of this pathway can
contribute to carcinogenesis in adulthood, with FAP
providing a dramatic example. Normal activation of the
Wnt-pathway requires binding of Wnt proteins, possibly
secreted by neighbouring subepithelial cells[20], to the cell
surface receptor complex of the Frizzled receptor and the
LDL-receptor-related protein (LRP) co-receptor. Binding
to the receptor complex induces LRP-axin interaction
as well as phosphor ylation of Disheveled, another
cytoplasmic protein. Activated Disheveled interferes with
the usual APC-axin-GSK3 β -induced degradation of
cytoplasmic β-catenin, which is then available to associate
with Tcf, translocate to the nucleus as a transcription
factor, and promote the expression of several important
cell cycle regulating genes, including cyclin D1 and c-Myc.
Thus APC mutations that interfere with APC-β-catenin
binding impair the normal degradation of β-catenin and
result in a constitutively active Wnt-signaling pathway.
Occasionally β-catenin mutation, which renders the protein
resistant to APC-degradation, can act as an alternative
to APC mutation, emphasizing the importance of Wntsignaling in CRC[20].
Loss of functional APC might also interfere with the
normal regulation of mitosis, contributing to CIN [21].
During metaphase there is careful organization of the
sister chromatids to ensure their successful distribution to
the daughter cells. Several cellular components, including
the kinetochore, carefully coordinate this organization
of the chromatin, to ensure correct delivery during cell
division. APC is a kinetochore-bound microtubuleassociated protein, and along with EB1, is important in
promoting correct chromosomal alignment and subsequent
chromosomal segregation[22]. APC deficient cells do not
adequately detect chromosomal abnormalities during
metaphase, yet can still proceed into anaphase (separation
stage of mitosis) potentially generating CIN[23]. There is
some suggestion that the contribution of APC to CIN
may be related to the site of somatic APC mutation[24].
Through this mechanism, impairment of APC might be
important in the loss of other strategic loci[23].
In patients with FAP, all of their cells harbour a
germline mutation in one APC allele. Initiation of the
adenoma-carcinoma sequence in these patients follows
subsequent inactivation of the remaining normal copy of
APC, often by deletion but occasionally through somatic
mutation. Thus, the function of the APC protein is altered
in all FAP-associated ACF. In addition, K-ras mutation
is seldom found in this familial form of dysplastic ACF,
whereas 82% of nondysplastic and 63% of dysplastic
sporadic ACF have K-ras mutation and APC mutation is
notably absent[14,25]. β-catenin immunofluorescence studies
suggest that Wnt-activation occurs in FAP-related, but
not in sporadic ACF. These findings support the concept
that APC and the Wnt-pathway is less important in the
earliest stages of sporadic CRC development via the
traditional pathway[14]. The frequency of APC or β-catenin
mutation in early adenomas has been reported as high as
www.wjgnet.com
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80%[14], although the rate of APC mutation is significantly
lower in some other series and often depends on the
histopathological type of adenoma[9]. Mutation of APC
is found in approximately 60% of cancers arising from
the colon and 82% of rectal cancers[9]. Abnormalities in
APC and the Wnt-pathway may represent a convenient
mechanism to advance sporadic ACF into early adenomas
or as a means of advancing ver y early lesions into
more advanced stages. The fact that abnormalities in
APC are not universal in adenomas or even in cancers,
however, indicates that other genetic alterations may
serve as molecular surrogates, either within the traditional
pathway, or through other mechanisms of colorectal
carcinogenesis[26,27].
K-ras (12p12)
The K-ras proto-oncogene encodes a GTP-binding protein
and when mutated can cause a loss of inherent GTPase
activity. Thus, hydrolysis of active GTP into inactive GDP
is impaired, causing constitutive signaling through the
downstream pathway[28]. Activating K-ras mutations are
found in 35%-42% of colorectal cancers, and in a similar
number of advanced adenomas, but is less common in
small adenomas [28]. This is despite the fact that K-ras
mutations are frequent in sporadic dysplastic ACF (63%),
suggesting that although K-ras mutation confers a growth
advantage to its daughter cells, it is neither sufficient nor
necessary to drive carcinogenesis[25]. The role of K-ras is
not unique to the traditional pathway and K-ras mutations
are present in both adenomas and hyperplastic polyps,
whilst APC mutation occurs specifically in adenomas[29]. As
discussed below, K-ras has a developing role in the serrated
neoplasia pathway.
SMAD2, SMAD4 and DCC
DCC, SMAD2 and SMAD4 are all located at 18q21.1,
and allelic loss at this site is found in up to 60% of
CRCs[2]. SMAD2 and SMAD4 are involved in the TGF-β
signaling pathway, important in regulating growth as well
as apoptosis. DCC encodes a transmembrane receptor that
promotes apoptosis, in the absence of its ligand, netrin-1.
Historically, DCC has been implicated as the key driver of
carcinogenesis from this cluster. In contrast to SMAD4,
however, mutations in DCC and SMAD2 are rare in
CRC, thus SMAD4 may be more influential in colorectal
carcinogenesis [30]. Furthermore, germline mutation of
SMAD4 can cause juvenile polyposis syndrome, which is
associated with CRC[31].
p53 (17p13)
Loss of p53, usually through allelic loss of 17p, is often
a late event in the traditional pathway, and heralds
the transition from pre-invasive to invasive disease.
Several studies have shown that the frequency of p53
abnormalities, either mutation or loss of heterozygosity
(LOH), increases relative to the histological stage of
the lesion within the pathway. Thus, abnormalities are
found in 4%-26% of adenomas, 50% of adenomas with
invasive foci, and in 50%-75% of CRCs[28]. The functional
p53 protein, which is stabilized by DNA damage, is an
important transcription factor. It acts to increase the
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expression of cell-cycle retarding genes, to slow the cell
cycle and provide sufficient time for DNA repair during
occasions of genetic insult. When genetic damage is too
great for the cell to repair, p53 induces pro-apoptotic
genes[32].
To summarize the events above, a widely accepted
interpretation of the sporadic CIN pathway would follow
that the initial lesion is the dysplastic ACF, which often
contains K-ras mutation. Acquisition of an APC mutation,
or loss of 5q, then contributes to the growth of the ACF
into an adenoma. It is unclear why the frequency of K-ras
mutation in non-advanced (< 1 cm, tubular) adenomas is
relatively low (12%-30%), despite being reported in 63%
of dysplastic ACF [14]. It could be that APC mutations
occur more readily in cells that are wild type for K-ras, so
most APC wild type/K-ras mutant ACF are destined not
to progress. It is possible that the APC wild type/K-ras
mutant ACF lesions are diverted from the traditional
pathway into other pathological streams. Or that the APC
mutant/K-ras mutant lesions, when they develop, endow
their respective clone with significant advantage, so that
they pass more quickly into advanced pathologies, such as
tubulovillous adenomas. This would cause an artefactual
under-representation of K-ras mutation in earlier adenoma
stages. From this last hypothesis, it would follow that
although APC is the gateway or shortcut to adenoma
development, K-ras is a molecular shortcut to developing
advanced adenomas, a prelude to cancer. The frequency
of K-ras and APC abnormality then remains relatively
stable for the rest of the pathway. LOH at 18q and loss of
function of DCC, SMAD2 and perhaps most importantly
SMAD4, may further advance the pathway by interfering
with apoptosis, allowing accumulation of mutations that
had hitherto induced cell-cycle arrest or programmed cell
death. Finally, acquisition of p53 mutation or functionally
equivalent LOH at 17p accompanies the transition of the
benign lesion into invasive disease (Figure 1).
There is increasing evidence that the mitotic spindle
checkpoint is an impor tant factor in CIN [10] . This
checkpoint serves to ensure that all the chromosomes
are correctly aligned in metaphase, before advancing
into anaphase. A partially compromised checkpoint
provides the cell with a relative growth advantage. The
mitotic-spindle-checkpoint genes hBUB1 and hBUBR1
are occasionally mutated in colorectal cancer[33]. Loss of
entire chromosomes may accompany overexpression of
particular genes that affect the number of centrosomes
within the dividing cell[34]. For instance, overexpression of
either STK15 kinase or POLO-like kinase (PLK1) can cause
aneuploidy in cell lines[35,36]. The G1/S checkpoint genes
p53, pRb, p16INK4A[37] and p21Waf1/Cip1[38], are also important in
preventing aneuploidy, and abnormalities of these genes
have all been implicated in CRC. However, a thorough
explanation of the mechanisms behind CIN awaits further
study.
The traditional model of the adenoma-carcinoma
sequence has provided a foundation for molecular
classification of colorectal carcinogenesis and has
established a reference against which one may contrast
other CRC molecular profiles. The shortcomings of
the traditional model include a failure to explain why
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the majority of benign adenomas never transform into
invasive cancers. One study suggested that in large polyps
(> 1 cm) the cumulative risk of cancer was only 2.5%,
8% and 24% at 5, 10 and 20 years, respectively[39]. From
an autopsy series, the prevalence of asymptomatic polyps
in those greater than 75 years was 40%-60%, whilst the
prevalence of CRC was approximately 3% [40]. Thus in
approximately 19 of every 20 cases[41], the sequence would
be better described as an adenoma-adenoma pathway.
This probably reflects bottlenecks in carcinogenesis that
chance and genomic instability are only occasionally able
to overcome. In contrast the cancer risk is much higher in
polyps originating in patients with HNPCC[42], and some
histopathological groups from other pathways are similarly
associated with a greater risk for cancer development[43]. It
is uncertain whether advanced adenomas, characterized by
high-grade dysplasia, villous architecture and size (≥ 1 cm)
simply represent more advanced stages within the sequential
advancement of colorectal neoplasia, or whether these
advanced changes are predetermined. Are there multiple
tracks to take within this pathway, even though CIN is
the key mechanism driving genomic instability? There are
several possibilities for the heterogeneous natural history
of these adenomas, including luminal factors and the
resultant environmental mutational load that is fuelling
the genetic aberration. The variability might also relate to
other modifying genetic, microbiological or immunological
factors that temper progression through the sequence.
Finally, the traditional pathway does not explain the
contribution of non-dysplastic precursor lesions, such as
hyperplastic polyps, to CRC.

Microsatellite Instability (MSI) OR
MUTATOR pathway
The MSI or mutator pathway is the other chief mechanism
for genomic instability in CRC. Approximately 20%
of CRCs display this “mutator” phenotype, in which
failure of the mismatch repair system interrupts normal
review and repair of DNA following replication.
The MMR system is composed of at least 7 proteins,
hmlh1, hMLH3, hmsh2, hmsh3, hmsh6, hpms1
and hpms2, which associate with specific partners to
form functional heterodimers [7]. hMLH1
����������������
and hMSH2
are essential components of the human mismatch repair
machiner y and for m five functional heterodimeric
proteins (hMSH2-hMSH3; hMSH2-hMSH6; hMLH1hPMS1; hMLH1-hPMS2; hMLH1-hMLH3). DNA
����
polymerase is susceptible to making errors in short repeat
sequences, thus MMR dysfunction, which fails to repair
these, results in detectable differences between tumour
and germline DNA in the number of copies found in
these repeat sequences (microsatellites). Many colon
cancers, however, have frameshift mutations at a small
number of microsatellites, thus a standardized panel
of microsatellites was devised to provide uniformity of
definition for research and clinicopathological practice[44].
The panel includes two mononucleotide (BAT25 and
BAT26) and three dinucleotide microsatellites (D5S346,
D2S123, and D17S250). MSI-H is defined as MSI at ≥
2 (40%) of the five specified sites, MSI-L (low) MSI at 1
www.wjgnet.com
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Table 1 Characteristics of different CRC pathways
Predominant
pathway

MSI/CIMP
status

Site of
cancer

Prognosis

CIN

Mutator
Methylator/Mutator
Methylator
“Alternate” methylator
Suppressor

MSI-H/CIMPMSI-H/CIMP+
Non-MSI-H/CIMP+
MSI-L/CIMP+
Non-MSI-H/CIMP-

Proximal
Proximal
Proximal
Distal
Distal

Better
Better
Worse
Unclear
Standard

No
No
No
No
Yes

Germline
Somatic BRAF
MLH1
MGMT
Immediate
MMR mutation
mutation
methylation methylation precursor
Yes
No
No
No
No

No
Yes
Yes
No (K-ras)
No

No
Yes
No
No
No

No
No
No
Yes
No

Advanced adenoma
Serrated polyp
Serrated polyp
Serrated polyp
Advanced adenoma

MSI: Microsatellite instability; CIMP: CpG island methylator phenotype.

site, and microsatellite stable (MSS) when no instability is
demonstrated. MSI leads to a dramatic increase in genetic
errors and several microsatellites are present in genes
implicated in colorectal carcinogenesis, such as TGFβRII, Bax, Caspase 5, MSH3, MSH6, β-catenin, APC, IGFII, and E2F4[1]. MSI-H cancers are invariably diploid, as
MMR dysfunction provides the mechanism of genomic
instability without the need for CIN, which characterizes
the traditional pathway.
MSI-H tumours occur in HNPCC (Lynch syndrome),
in which germline mutation in a particular MMR gene
provides each cell with only one functional copy of
the protein. Following a second somatic hit, the cell is
rendered deficient in the specific MMR protein product,
and thus incapable of accurate mismatch repair. MSI is
one possible pathological screening test, to help direct
genetic testing for HNPCC. The majority of MSI-H CRCs,
however, are sporadic, the consequence of epigenetic
silencing of MLH1[45]. Most, but not all, MSI-H tumours,
whether sporadic or inherited, share similar biology, as
characterized in Table 1. hMSH2 and hMLH1 are the two
most frequently affected genes in HNPCC, whilst hMLH1
is targeted for epigenetic silencing in sporadic MSI-H
CRCs.
What of the MSI-L cancers that display only a mild
mutator phenotype? In HNPCC, germline mutations of
MLH1 or MS H2 cause MSI-H cancers, whilst MSI-L
lesions may be associated with MS H6 mutations [46] .
Clinicopathologically, MSI-L cancers are similar to MSS
tumours, but have a higher prevalence of K-ras mutation
(54% vs 27%) and a lower frequency of 5q LOH (23%
vs 48%), whilst sharing MSS cancers’ reliance on APC[47].
Interestingly, the rate of K-ras mutation in MSI-L cancers
is higher than in either MSS or MSI-H (7%), rather than
at an intermediate level, expected if MSI-L were merely
an interface between these other two pathways. The
DNA repair gene MGMT removes mutagenic adducts
from guanine, and inactivation of MGMT is associated
with a particular G to A transversion in K-ras. Given
the association with K-ras, methylation of MGMT was
evaluated in sporadic CRCs stratified for MSI status.
Methylation of the MGMT promoter was significantly
associated with MSI-L (64%), compared to either MSS
(26%) or MSI-H (13%) tumours (P = 0.0001) [48] . It
is possible that epigenetic silencing of MGMT could
overwhelm the reparative capacity of the MMR apparatus,
causing MSI-L cancers. Thus, epigenetic silencing of
MGMT expression provides a potentially unifying
mechanism for both the K-ras mutations and the low level
www.wjgnet.com

of MSI found in this group. These findings support the
hypothesis that MSI-L tumours may constitute a unique
molecular pathway.
To investigate whether the adenoma is the precursor
lesion in the mutator, as it is in the traditional pathway,
MSI testing was performed on several different sporadic
polyps, including tubular adenomas, hyperplastic polyps,
serrated adenomas and mixed polyps (adjacent, yet discrete
hyperplastic and adenomatous components). The MSI-L
phenotype was demonstrated in a high proportion of
hyperplastic polyps, serrated adenomas and mixed polyps,
29%, 53% and 83%, respectively, but only in 13% of
tubular adenomas [49]. It is postulated that hyperplastic
polyps and other serrated lesions may act as histologically
distinct precursors to the sporadic mutator pathway
cancers[9]. In HNPCC, however, the precursor lesion is
still likely to be the adenoma. MSI is often, albeit not
universally, found in adenomas identified in patients with
HNPCC [50]. In one study the rate of MSI-H was 89%
in adenomas found within 5 cm of a cancer, and 77%
of those located > 5 cm from cancer[50]. MSI, of at least
one marker, can occasionally be found in ACF [51], and
MSI-L ACF are associated with methylation of MGMT[51].
This lends support to the concept introduced above,
that sporadic MSI-L cancers associated with MGMT
methylation may represent a unique entity characterized by
a common cluster of molecular and pathological events,
some of which can be identified even at the earliest stages
of carcinogenesis.

Methylator Pathway
DNA methylation is an epigenetic means of regulating
gene transcription. Methylation of DNA can occur at
cytosine bases when cytosine and guanosine occur in
a dinucleotide pair, i.e. CpG. DNA methylation occurs
throughout the genome, and many interspersed repetitive
DNA elements, such as Alu, LINE and SINE families
of sequences, are methylated during health. In contrast,
CpG islands found within the promoter sequence of
many genes are usually unmethylated[52]. Specific promoter
sequence methylation can occur physiologically to silence
particular genes, such as in X-chromosome inactivation,
while disordered promoter methylation may also occur
pathologically as an important event in carcinogenesis[53].
In CRC there is often both global hypomethylation of
the genome, largely in the repeat DNA sequences and
simultaneous hypermethylation of the promoter regions
of strategic genes [54]. Promoter sequence methylation
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inter r upts g ene expression by directly inhibiting
transcription factor binding, as well as influencing histone
acetylation, and thus accessibility of the gene to the
necessary transcriptional machinery[55]. In carcinogenesis,
epigenetic silencing of gene transcription by CpG island
methylation is biologically equivalent to acquiring an
inactivating mutation. Thus, methylation can occur as the
first, second or both hits, to silence important tumour
suppressor genes.
Several g enes are associated with CpG island
methylation in CRC (Type C genes, MLH1, p16), whilst
other genes are predominantly methylated in normal
colorectal mucosa, and only occasionally methylated in
cancer (Type A)[53,56]. In normal mucosa the type A genes
(MINT6, MINT24, MINT32, ER) are associated with
increasing age[53,56]. The mechanism driving these epigenetic
events is uncertain. It is possible that environmental and
luminal factors contribute to colorectal DNA methylation.
The interface between diet, genetic predisposition,
luminal environment and colorectal methylation will be an
important area for future colorectal epigenetic research[53].
Currently there are two main methylation marker
panels. These panels are used in an analogous fashion
to the NIH MSI panel to classify cancers as CpG Island
Methylator Phenotype positive or negative (CIMP + or -).
Depending on the markers used, 24%-51% of all CRCs
are CIMP+[56-59]. The first panel that was proposed, and
the one that many studies have used, includes analysis of
the promoter regions of the genes MLH1, p16, MINT
1, 2, and 3 [56,60]. CIMP+ cancers often occur in older
women, with a predominance of proximal colonic lesions.
Sporadic MSI-H cancers share a similar phenotype, but
CIMP+ characteristics remain even in the setting of nonMSI-H tumours [61] , and although MSI-H cancers are
associated with a good clinical outcome, CIMP+/nonMSI-H tumours generally have a poorer prognosis [62].
CIMP+ cancers also share common molecular events.
Most CIMP+ cancers contain a BRAF mutation, but those
that don’t have a BRAF mutation often have a mutation in
K-ras[52,63]. BRAF and K-ras mutations occur in a mutually
exclusive fashion, suggesting that a pathway common to
both is critical to the development of these cancers. The
RAS-RAF-MEK-ERK signaling pathway is important
in apoptosis and in particular anoikis, the process of
apoptosis following loss of the epithelial connection to
the basement membrane[64]. Failure of anoikis is important
in the development of hyperplastic polyps and serrated
adenomas, which are the postulated precursors of
CIMP+ CRCs[65]. BRAF and K-ras mutations interrupt
the RAS-RAF-MEK-ERK signaling pathway at different
levels, impairing normal anoikis. As alluded to above, the
hypothesis of the serrated neoplasia pathway, in which
serrated polyps (admixed polyps, hyperplastic polyps, and
serrated adenomas) are precursors to CIMP+ CRCs, is
further supported by the recent finding that 78% of sessile
serrated adenomas exhibit BRAF mutation[66].
The main limitation of the originally proposed
CIMP panel outlined above is its inability to reliably
classify cancers into well defined subsets[67]. Therefore,
an alternative panel of markers (CACNA1G, IGF2,
NEUROG1, RUNX3, SOCS1) has been proposed [52].
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In this new panel, methylation is defined quantitatively
and cancers are defined according to the percentage
methylation ratio (PMR), with CIMP+ CRCs having a
PMR of > 10 at 3 or more of the 5 sites[52]. Using this new
panel, CRCs distribute bimodally into CIMP+ and CIMPcases, with an even closer correlation between CIMP+ and
BRAF mutation.
CIMP+ CRCs are associated with methylation and
frequent silencing of MLH1 with resultant high levels
of MSI. Thus, there is a clear relationship between the
sporadic mutator (MSI) and methylator (CIMP) pathways.
However, CIMP is at least as common in non-MSI-H
cancers[52], and although these lesions are also associated
with BRAF mutation, the epigenetic silencing of MLH1
does not occur. These CRCs are associated with a worse
prognosis [64,68]. The additional events regulating both
prognosis and MLH1 methylation and thus MSI status
are unclear. As discussed above, there is an association
between MGMT methylation and K-ras mutation in a
subset of non-MSI-H/CIMP+ cancers. It is possible
that mutation of BRAF with or without methylation
of MLH1 may define one methylator pathway, whilst
the development of K-ras mutation and methylation of
MGMT, could characterize an “alternate methylator”
subtype, giving rise to MSI-L cancers[61].

Conclusion
The discussion above has outlined three pathways to
CRC (Table 1). Firstly, there is the CIN pathway, or the
suppressor pathway, characterized by stepwise mutation or
deletion of K-ras, APC, SMAD2, SMAD4 and DCC, and
p53. The Wnt-signaling pathway is likely to be important
in many of these cancers, and there is a developing role
of APC as a regulator of CIN. Fortunately, the vast
majority of cancers in this pathway, never fully realize
their neoplastic potential. This pathway begins with the
dysplastic ACF, passes through simple and then advanced
adenomatous stages, and, in a minority, produces an MSS
cancer. The second pathway is the mutator pathway which,
in its purest form (HNPCC), results from a germline
mutation in a mismatch repair gene. The majority of
MSI-H cancers, however, occur sporadically following
the epigenetic silencing of MLH1. Cancers from this
pathway, which is really a combination of the mutator
and methylator pathways, may begin as hyperplastic
ACF, becoming right sided hyperplastic polyps, serrated
adenomas, and ultimately MSI-H, proximal colonic cancers.
BRAF mutation and associated failure of anoikis may be
important at least in the early stages of this pathway. The
final pathway, the methylator pathway, is usually associated
with BRAF mutation with or without epigenetic silencing
of MLH1 to contribute to MSI-H (mutator/methylator
pathway, above) or non-MSI-H CRC, respectively. There
may be an alternate methylator pathway, without BRAF
mutation, but rather with the acquisition or maintenance
of K-ras mutation, and methylation of MGMT. The
precursor lesions for these ultimately MSI-L cancers may
also be serrated polyps, but this is an area requiring further
research.
Many challenges remain in the understanding of
www.wjgnet.com
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colorectal carcinogenesis, including discovery of the
mechanisms driving CIN and DNA methylation. In
addition, further study of the molecular events found in
apparently normal mucosa would be worthwhile. Normal
appearing, non-resection mucosa escapes the surgeon’s
knife but should not escape the attention of colorectal
researchers as this tissue may provide insight into the key
stimuli that initiate and then influence cancer pathways.
A better understanding of the sequence of events from
normal to early and advanced pre-invasive lesions will
have clear benefit when recommending surveillance
strategies for patients, as well as in identifying potential
targets for screening and therapy. Ultimately, knowing
the environmental and luminal factors that may initiate
or exacerbate these pathways will be critical in the
development of preventative strategies.
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Abstract
Serrated polyps of the colorectum form a group of
related lesions which include aberrant crypt foci (ACF),
conventional hyperplastic polyps, mixed (admixed)
polyps, serrated adenomas and sessile serrated
adenomas. In recent years the molecular differences
between these morphologically similar lesions have been
highlighted, and their differing biological potential has
been realised. In particular, the sessile serrated adenoma
has become recognised as the precursor lesion to a
group of sporadic colorectal carcinomas characterised
by morphological and molecular features distinct from
conventional adenomas. These recent findings have
challenged the long held paradigm that all colorectal
carcinomas arise via the traditional adenoma-carcinoma
sequence. In addition, they present a major challenge
for the early detection and management of colorectal
cancer, which is no longer regarded as a homogeneous
entity.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Our understanding of the pathogenesis of colorectal
carcinoma has seen a paradigm shift in recent years, mainly
due to the emergence of a group of serrated lesions as
precursors to a molecularly distinct group of colorectal
www.wjgnet.com

carcinomas. This has challenged the long held view that the
majority of colorectal carcinomas arise from conventional
adenomas.
Serrated polyps of the colorectum form a group of
morphologically related lesions which include aberrant
crypt foci (ACF), conventional hyperplastic polyps, mixed
(admixed) polyps, serrated adenomas and sessile serrated
adenomas. While these lesions share some histological
features, they differ significantly on the molecular level,
and more importantly, are biologically distinct. The
prototype of serrated lesions is the hyperplastic polyp.
Since its recognition as a pathological entity, different
from adenomas, hyperplastic polyps have been regarded
as innocuous, non-neoplastic lesions with no malignant
potential[1,2]. This dogmatic view remained unchanged for
many years despite several reports documenting occurrence
of cancer in “hyperplastic polyps” or frequent incidence of
colorectal cancer in patients with numerous “hyperplastic”
polyps [3] . Eventually the employment of molecular
techniques for research into colorectal cancer provided
data which changed our view on this adenoma-carcinoma
sequence, and a new pathway of colorectal cancer
development called the “serrated pathway” was recognised
and accepted. The “serrated pathway” story would not be
complete without recognition of its end point malignant
lesion-the “serrated adenocarcinoma”. The existence of
serrated adenocarcinomas as a distinct entity was supported
by molecular data obtained from detailed microarray
studies and correlated with conventional histomorphology.
Reproducible histopathological criteria have now been
proposed for this new subtype of colorectal cancer (CRC),
which accounts for a substantial proportion of CRCs.
Hyperplastic polyps
Hyperplastic polyps are typically small, smooth, sessile
lesions most commonly encountered in the distal colon
and rectum of patients usually older than 40 years of
age[4,5]. Morphologically, hyperplastic polyps have numerous
crypts with a convoluted luminal pattern and immature
proliferative cells in the lower portions. Serrations tend
to be restricted to the superficial portions of the crypts,
which contain cytologically bland mature cell types with
variable amounts of mucin. Hyperplastic polyps have an
expanded but otherwise normal proliferative zone, with
mitoses restricted mainly to the basal portions of the
crypt epithelium. An attempt has been made to subdivide
hyperplastic polyps based on the morphological features
of the mature cells, however this subclassification is not yet
routinely reported[6,7].
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Figure 1 Sessile serrated adenoma (lower arrow). These polyps tend to be large,
sessile and situated on the crest of the mucosal folds. This appearance contrasts
with that of a typical adenomatous polyp (upper arrow).

Figure 2 Low power appearance of a sessile serrated adenoma. Serration is seen
to the base of the crypts, which are dilated and may show growth parallel to the
muscularis mucosae (HE, x 20).

Traditional serrated adenomas
It was recognised as early as 1984 that there were some
colonic polyps which demonstrated features of both
hyperplastic polyps and adenomatous polyps, which at the
time were designated as “mixed hyperplastic adenomatous
polyps” [8]. Some years later a review of 110 of these
lesions sought to identify their characteristics, and the
ter m “serrated adenoma” was proposed to identify
this particular group of polyps [9]. Their definition of
this lesion was quite broad, encompassing any serrated
lesion with cytological dysplasia. This was reappraised by
Torlakovic and colleagues[7], who identified a subgroup
of “traditional serrated adenomas” as distinct from
sessile serrated adenomas, which are described below.
According to their schema, traditional serrated adenomas
are polyps with a complex serrated architecture which
demonstrate characteristic cytological features of central,
elongated nuclei, mild pseudostratification and distinctly
eosinophilic cytoplasm. They are often pedunculated
and may demonstrate a villiform architecture under low
power examination[6,7]. The epithelial cells of a traditional
serrated adenoma differ from those of a conventional
adenoma, which typically display more prominent nuclear
hyperchromasia and more basophilic cytoplasm[6]. These
polyps are rare, constituting less than 1% of all colorectal
polyps, and have a predilection for the sigmoid colon and

3793

Figure 3 The crypts of a sessile serrated adenoma may herniate through the
muscularis mucosae, producing an appearance which may be confused with
invasive tumour (HE, x 20).

rectum. They usually adopt a polypoid configuration and
are readily visible endoscopically[10].
Sessile serrated adenomas
The existence of an aggressive variant of hyperplastic
polyp with malignant potential emerged in studies from
the Jass group, who questioned the dogmatic adenomacarcinoma sequence as the exclusive route to development
of colorectal cancer. A subset of hyperplastic-like polyps
called “sessile serrated polyps” occurring mainly in
the right colon of middle aged females was shown to
have an increased risk of malignant transformation [11].
The currently used term describing this polyp type is
“sessile serrated adenoma”, which was recently coined
by Torlakovic and colleagues[7]. Sessile serrated adenomas
are typically sessile, right-sided in location and tend to
be large (Figure 1). These polyps display alterations
of the proliferation zone which produce characteristic
architectural abnormalities. The crypts are often dilated
at their base, and may extend laterally parallel to the
muscularis mucosae (Figure 2). Occasionally the crypts
herniate through the muscularis mucosae, producing an
appearance which may be confused with invasive tumour
(Figure 3). The proliferation zone is asymmetrical, and
mitoses can be found in the upper portions of the crypts.
Serration is often seen at the base of the crypts, as are
cells showing mature differentiation, such as goblet cells or
gastric foveolar cells. Subtle cytological atypia may be seen,
but is not required for the diagnosis, which rests primarily
on architectural features.
Serrated polyps and cancer
Over recent years a body of evidence has accumulated
suggesting that some serrated polyps have a predisposition
for malignant transformation. In their original series
Longacre et al [9] found that 37% of their “serrated
adenomas” contained foci of significant dysplasia, and
10% contained areas of intramucosal carcinoma. In a large
series of colorectal carcinomas 5.8% were associated with
an adjacent serrated adenoma[12]. Of these, half were found
in the caecum. In addition to these findings, a condition
of multiple serrated polyps, known as hyperplastic
polyposis (Figure 4), is now recognised to carry an
increased risk of colorectal carcinoma. There were early
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Figure 4 An example of hyperplastic polyposis, demonstrating numerous sessile
serrated adenomas (arrows).

Figure 5 Immunohistochemical staining for the mismatch repair protein MLH1,
demonstrating “clonal” loss of expression in a sessile serrated adenoma (x 20).

case reports of malignancy coexisting in patients with this
condition[3,13], and approximately half of all reported cases
up to that time were associated with adenocarcinoma[14].
The morphology of the polyps in this condition fits
the criteria for sessile serrated adenomas[7,14], and it has
been suggested that the condition be renamed “serrated
adenomatous polyposis” to reflect the now recognised risk
for carcinoma[15].

also show microsatellite instability, usually secondary to
hypermethylation of the promoter region in the MLH1
gene.
Evidence of microsatellite instability has been found in
29% of hyperplastic polyps, 53% of serrated adenomas and
83% of “mixed” polyps[26]. Within this study the “mixed”
polyps groups comprised polyps within which there were
an admixture of hyperplastic, serrated adenomatous or
tubular adenomatous epithelial patterns. In a subset of these
mixed polyps, evidence of the same mutation was found in
hyperplastic areas and adjacent neoplastic areas, suggesting
a clonal relationship[26]. In addition, the hyperplastic areas
of the mixed polyps showed a greatly increased rate of
microsatellite instability when compared to the rate in pure
hyperplastic polyps. Sessile serrated adenomas have been
shown to have loss of expression of the mismatch repair
protein MLH1[7] (Figure 5), prompting the suggestion that a
majority of the “mixed” polyps in the previous study[26] may
actually have been sessile serrated adenomas, perhaps with
areas of tubular adenoma[15].
Demonstration of increased expression of secretory
mucins MUC2 and MUC5 in MSI-H cancers and identical
mucin and DNA changes in serrated colorectal polyps,
was seen as a strong support for serrated polyps being
a precursor lesion for at least microsatellite unstable
sporadic cancers [27,28] . A comparison of polyps from
resection specimens with MSI-H cancers to those with
microsatellite stable carcinomas found significantly more
serrated polyps in association with MSI cancers [29]. In
addition, a high proportion of these polyps showed loss
of MLH1 protein, which was also seen in the synchronous
carcinomas. These changes were seen to be able to
precede the development of histological dysplasia, and
it was suggested that they represented early changes in a
progression from hyperplastic polyps through “serrated
adenomas” to invasive carcinoma[29]. Other authors have
retrospectively analysed the illustrations provided and have
suggested that the “hyperplastic polyps” of this study
actually have morphological features more akin to sessile
serrated adenomas[15].
A somewhat similar study evaluated 106 “hyperplasticlike” polyps that had arisen in the same sites as subsequent
microsatellite unstable colorectal carcinomas[30]. As a group
these polyps were larger than control polyps, and showed
expanded crypt proliferation zones, crypt basilar dilation,

Serrated adenocarcinoma
The existence of a distinct subset of serrated adenocarcinomas was anticipated after the recognition of
serrated precursor lesions, and indeed recently the
morphological characteristics of these tumours have been
described. Serrated adenocarcinomas show a superficial
resemblance to traditional hyperplastic polyps, however
glandular serration in itself is a non-specific feature, and
a number of other criteria have been recognised. These
features include prominent mucin production, abundant
eosinophilic cytoplasm, retained polarity and chromatin
condensation around the periphery of the nucleus. Less
well differentiated tumours show a more trabecular growth
pattern, but the cytological details are the same [16-18].
More recent DNA expression studies using microarrays
have demonstrated that ser rated adenocarcinomas
cluster into a molecular entity distinct from conventional
adenocarcinoma, providing molecular support for their
classification as a distinct subtype[18,19]. The suggestion that
these tumours may show a different biological potential
still needs to be validated, and the reproducibility of these
initial studies remains to be seen.
Molecular characteristics of serrated neoplasia
A subset of colorectal carcinomas show high levels of
DNA replication errors in repeated nucleotide sequences,
or microsatellites, within the genome, usually within noncoding regions. This microsatellite instability (MSI) results
from underlying mismatch repair gene deficiency[20-22], and
tumours showing high levels of microsatellite instability
(MSI-H tumours) have distinctive clinical and pathological
features[23-25]. This can occur in a familial context with germ
line mutations in mismatch repair genes, and produces a
syndrome known as Hereditary Non-Polyposis Colorectal
Carcinoma (HNPCC), or Lynch Syndrome. In addition,
approximately 10%-15% of sporadic colorectal carcinomas
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serration within the basilar regions and maturational
changes[30]. Again, these features were remarkably similar
to the morphology of sessile serrated adenomas.
Taken together, these results have led to the suggestion
that sessile serrated adenomas in particular may represent
the precursor lesion to sporadic MSI carcinomas[15]. An
important molecular feature of these carcinomas is the
methylation of multiple regions of cytosine-guanosine
dinucleotides, or CpG islands, within the promoter regions
of genes. This is known as the CpG island methylator
phenotype (CIMP), and has the effect of downregulating
gene expression[31]. The genetic instability characterising
many of these tumours is a direct result of promoter
methylation silencing the expression of MLH1 [32-34] .
Methylation at this and other genetic loci is uncommon
in typical hyperplastic polyps, but is commonly found in
the setting of hyperplastic polyposis[35,36]. More frequent
methylation has also been reported to be associated with
larger size[36] and proximal location[37] of serrated polyps,
both of which are features of sessile serrated adenomas,
and O’Brien et al[37] found significantly more promoter
methylation in polyps with “abnormal proliferation” when
compared to other serrated polyps.
BRAF is a member of the RAF family of serine/
threonine kinases, and acts as a signal transducer for growth
factors within the RAS-RAF-MAP kinase pathway [38].
Activating mutations in BRAF have been identified in a
subset of colorectal carcinomas[39,40], and are particularly
associated with sporadic tumours showing microsatellite
instability. KRAS is another signal transducer that acts in
tandem with BRAF in the same signalling pathway. KRAS
and BRAF mutations appear to be mutually exclusive within
both polyps and carcinomas[41-43], with KRAS mutations
more typically associated with the classic adenomacarcinoma sequence[42,44,45]. BRAF mutations were found to
be much more frequent in sessile serrated adenomas and
mixed polyps when compared to traditional hyperplastic
polyps, and are rarely found in conventional adenomas[45,46].
The same studies have shown a strong association
between BRAF mutations and a CIMP-high phenotype
in both serrated polyps and carcinomas. Conversely,
KRAS mutations were only found in 7% of sessile
serrated adenomas, compared to 44% of large traditional
adenomas[45].
Towards a molecular classification of bowel cancer
For many years colorectal carcinoma was thought to
be a relatively homogeneous entity. Loss of the gene
APC was understood to initiate neoplastic growth in
the form of adenomatous polyps. Further mutations,
typically via chromosomal deletions, drove the process
to malignant transformation, with mutation of KRAS
and TP53 prominent among these[44]. However, studies
which examined the genetic changes in MSI cancers found
that while a proportion of these had APC mutations,
this seemed to be a later event in tumour genesis, with
the mismatch repair deficit occurring earlier in the
sequence[47,48]. Subsequent studies separated sporadic MSI
cancers from those occurring in a familial setting, and
found that APC or KRAS mutations were uncommon in
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the sporadic tumours[49,50]. These findings suggested that
there was an alternative route to colorectal carcinogenesis
involving loss of mismatch repair genes as an initial
event, a position which has been strengthened by the
emergence of sessile serrated adenomas as likely precursor
lesions to the sporadic group, forming the “serrated
neoplasia” pathway[10,27]. Indeed, this pathway may begin
to be responsible for a greater proportion of colorectal
carcinomas diagnosed in the future, as screening and early
intervention efforts reduce the incidence of cancers arising
from traditional adenomas. Indeed, it has been suggested
that an apparent increase in incidence of right sided colon
cancers (“shift to the right”) might be a result of existing
surveillance strategies being orientated towards eradication
of conventional adenomas while hyperplastic-like polyps,
occurring most frequently in the right colon, have not
been subjected to similar policy[51-53].
Jass has attempted to integrate this new molecular
understanding of colorectal carcinoma by suggesting a
new classification scheme combining both molecular and
clinical features [17]. He proposes a scheme recognising
five separate groups. Two groups are characterised by
high levels of promoter methylation, mutations in BRAF
and microsatellite instability. These tumours arise from
serrated polyps, and tend to show chromosomal stability.
He separates the groups on the level of microsatellite
instability. A further two groups show low or absent levels
of promoter methylation, KRAS mutations, low or absent
microsatellite instability and chromosomal instability. These
tumours arise in traditional adenomas and may be sporadic
or familial. A fifth group comprises tumours associated
with HNPCC, with negative promoter methylation, BRAF
mutation negative, stable chromosomes and high levels of
microsatellite instability. These groupings can be related to
certain morphological features. Serrated adenocarcinomas,
as described above, tend to show microsatellite instability,
and are more likely to fall within the first two groups.
Poor differentiation, intraepithelial lymphocytes and lack
of “dirty” necrosis are additional features associated
with MSI tumours, both sporadic as well as those
associated with HNPCC[17,24,54]. In particular, a subgroup
of carcinomas associated with MSI is characterised by
good circumscription, poor differentiation, closely packed
trabeculae or sheets, lack of nuclear pleomorphism
and lymphocyte infiltration [24]. These tumours, known
as medullary carcinomas, are particularly important to
recognise as they carry a good prognosis which belies their
lack of differentiation[17,24,55].
Implications for management
Making recommendations for management is currently
hampered by the recent changes in terminology and a
lack of data in a number of aspects related to the sessile
serrated adenoma. As it is a new entity, not previously
diagnosed by pathologists, there is no data regarding the
sensitivity of screening for faecal occult blood. This will be
a critical issue for further studies to address. In addition,
these predominantly sessile lesions may not be as readily
detected by colonoscopy as they have a tendency to flatten
against the mucosa when the bowel is inflated. Newer
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gene MGMT, and the suggestion is that these polyps may
in fact be particularly aggressive[57].
7b

Figure 6 Virtual colonoscopic image demonstrating a sessile serrated adenoma
(arrow).

procedures such as virtual colonoscopy will also need to be
assessed - our local experience, while limited, does indicate
that the sessile serrated adenoma can be successfully
detected with this technique (Figure 6).
As outlined above, the critical histological features
identifying a sessile ser rated adenoma are larg ely
architectural, and are thus best appreciated when most
of the polyp is submitted. Small, superficial biopsies may
be difficult to distinguish from a traditional hyperplastic
polyp. In this scenario, the pathologist is greatly aided by
the provision of adequate clinical information, in particular
the site, size and multiplicity of the lesions. The provision
of this information can be aided by making endoscopy
findings available to the reporting pathologist. Where
feasible, photographs of the endoscopic appearance of the
lesion can also be invaluable.
Once a sessile serrated adenoma has been identified, their
recurrence rate and the rate of progression to carcinoma
remain to be determined. When a sessile serrated adenoma
is seen in conjunction to a carcinoma there is typically a
transition zone of adenomatous epithelium, which tends
to adopt a morphology more akin to traditional adenomas,
typically with a villous architecture[15], and microsatellite
instability is more frequently found in dysplastic foci of the
serrated polyps in patients with hyperplastic polyposis[56].
These lesions have been referred to as mixed hyperplastic
polyp/villous adenomas, but perhaps a term such as “sessile
serrated adenoma in transition” may more accurately reflect
the biological potential of this lesion. Irrespective of the
presence or absence of cytological dysplasia within these
polyps, the patients harbouring these lesions should be
managed in a similar way to patients with conventional
adenomas. A series of proposed management guidelines
incorporating this concept have recently been published[6,15].
A further complication to the assessment of these
polyps lies in the suggestion that in some sessile serrated
adenomas the dysplasia may resemble the cytological atypia
seen in serrated adenocarcinoma, with round vesicular
nuclei, prominent nuclear membranes and cytoplasmic
eosinophilia [17]. In addition, Jass and colleagues have
described “fusion” polyps, which combine the molecular
features of both serrated and traditional adenomatous
pathways[57]. Such polyps show frequent loss of KRAS or
BRAF, as well as loss of expression of the DNA repair
www.wjgnet.com

CONCLUSION
A “serrated neoplasia” pathway has now emerged as
distinct from the more traditional adenoma-carcinoma
sequence. Key to this pathway is extensive DNA
methylation, silencing of mismatch repair genes and
BRAF mutation. A precursor lesion appears to have been
identified in the form of the sessile serrated adenoma,
and a major challenge now is to facilitate the early
detection of these polyps and to determine the best
management strategy once they have been identified.
Future classifications of colorectal carcinoma are likely to
be based on a combination of clinical, morphological and
molecular features, and represent a second major challenge.
What is certain is that the role of the pathologist will now
become central for the analysis of the molecular features
of these lesions as well as the morphology.
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Abstract
The management of colon and rectal cancer has changed
dramatically over the last 25 years. The use of adjuvant
therapies has become standard practice in locally
advanced (stage  Ⅲ and selected stage  Ⅱ) colorectal
cancer. Improved surgical techniques, chemotherapeutics
and radiotherapy are resulting in higher cure rates and
the development of agents targeting proliferative and
angiogenic pathways offer further promise. Here we
explore risk factors for local and distant recurrence
after resection of colon and rectal cancer, and the
role of adjuvant treatments. Discussion will focus on
the evidence base for adjuvant therapies utilised in
colorectal cancer, and the treatment of sub-groups such
as the elderly and stage Ⅱ disease. The role of adjuvant
radiotherapy in rectal cancer in reduction of recurrence
will be explored and the role and optimal methods for
surveillance post-curative resection with or without
adjuvant therapy will also be addressed.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the most common internal
malignancy in men and women of western societies
and its incidence is rapidly increasing in Asia. Colon
cancer affects men and women almost equally, whilst
rectal cancer is more common in men, female:male ratio
1:1.3[1]. Colorectal cancer is uncommon under the age of

50� �������
years, �����
with a�� median
������� age
���� at
��� diagnosis
���������� of
��� 70.
���� Globally,
����������
the age-standardized incidence rate (ASR) is 20.1 per
100 000 males and 14.6 per 100 000 females. There are
notable differences in incidence rates of developed versus
developing countries. In the Western world, the ASR is
40.0 in males and 26.6 in females; however, in developing
nations, the rates are 10.2 and 7.7, respectively[2].
The main risk factors for CRC development are
advancing age and a family history of the disease. About
2%����
-���
4% of
��� cases
������ are
���� related
�������� to
���������
known genetic
�������� syndromes
����������
including Familial Adenomatous Polyposis (FAP) and
hereditary non-polyposis colorectal cancer (HNPCC).
Another 25% have a family history without an identified
genetic predisposition[3]. Other
������ ���������
relevant ������������������
lifestyle factors
include diet, weight and physical activity[2]. Approximately
one-third of affected persons will present with disease
involving local lymph nodes (stage Ⅲ), and another
third with lymph node negative disease (StageⅠor Ⅱ)[4].
About 30% of people have metastatic (stage Ⅳ) disease at
diagnosis (Table 1)[5].

THE RISK OF CANCER RECURRENCE
AFTER RESECTION OF COLORECTAL
CANCER
After curative surgical resection, a proportion of those
treated will relapse, predominantly with distant metastatic
disease. Fifty to 60% of persons with Stage Ⅲ and 25%
with Stage Ⅱ disease will relapse within 5 years[6]. This
is due to the presence of micrometastatic disease at the
time of surgery. Such disease can potentially be eradicated
with the use of adjuvant therapies. The risk of relapse
may be estimated by assessing the clinical and histologic
features of the cancer. Poor risk clinical features include
higher TNM stage (Table 1), elevated preoperative
carcinoembryonic antigen (CEA), insufficient lymph node
sampling (< 10 nodes), and presentation with colonic
perforation or obstruction[7]. Metastasis to regional lymph
nodes is the factor most strongly predictive of outcome
following complete surgical resection[7]. Other factors have
consistently been implicated as of prognostic value, but
remain to be validated in prospective trials. These include
the histological grade of the cancer, lymphovascular
invasion, residual tumour following neo-adjuvant therapy
for rectal cancer, and microsatellite instability (MSI) [7].
There is no prospective evidence to suggest these factors
aid assessment of disease free and overall survival, or
serve as predictive factors for adjuvant therapy benefit.
www.wjgnet.com
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Table 1A TNM staging system for colon cancer with AJCC
[57]
stage grouping

70
60
50

TNM category

Stage 0

Tis, N0, M0

StageⅠ

T1, N0, M0
T2, N0, M0

30

Stage ⅡA

T3, N0, M0

10

Stage ⅡB

T4, N0, M0

Stage ⅢA

T1-T2, N1, M0

  0

Stage ⅢB

T3-T4, N1, M0

Stage ⅢC

Any T, N2, M0

Stage Ⅳ

Any T, Any N, M1

%

AJCC stage

40
20

[15]

Surgery alone

[26]

Surgery + 5FU/LV

[26]

Surgery + FOLFOX4

Figure 1 Three year disease free survival in stage Ⅲ colon cancer.

[57]

Table 1B TNM staging system for colon cancer
Tumour stage (T)

Nodal stage (N)

Metastasis (M)

X

Primary tumour can
not be assessed

Nodal metastasis
can not be assessed

Distant
metastasis can
not be assessed

0

No primary tumor
identified

No nodal metastasis No distant
metastases

is

Carcinoma in situ (tumour
limited to mucosa

1

Involvement of submucosa,
but no penetration through
muscularis propria

1-3 pericolic/
perirectal
nodes involved.

2

Invasion into, but not
penetration through,
muscularis propria

4 or more pericolic/
perirectal nodes
involved

3

Penetration through
muscularis propria in
o subserosa (if present), or
pericolic fat, but not into
peritoneal cavity or other
organs.

4

Invasion of other organs
or involvement of free
peritoneal cavity

Distant
metastases

Evidence suggests that cancers displaying MSI have a
better prognosis stage for stage compared to microsatellite
stable cancers and that persons with such cancer may not
benefit from adjuvant 5-FU chemotherapy; however, the
literature regarding the latter remains conflicting[8,9].

ADJUVANT CHEMOTHERAPY FOR COLON
CANCER
Cancer stage
Lymph node involvement in colon cancer (stage Ⅲ)
remains the strongest predictor for distant relapse.
Adjuvant chemotherapy with 5-FU given intravenously
for 6 mo in combination with leucovorin calcium (LV)
decreases the relative risk of death by 30% in stage Ⅲ
colon cancers when compared to surgery alone. This
equates to a greater than 10% absolute risk reduction[10].
With newer chemotherapy regimens the absolute risk
reduction may be even greater (Figure 1). Controversy
still exists over the role of adjuvant chemotherapy for
those with Stage Ⅱ disease, of whom 75% are cured with

www.wjgnet.com

July 28, 2007

surgery alone. Relative risk reductions in these patients
are much the same as in stage Ⅲ; however, given the
lower risk of relapse, the absolute improvement in 5 year
survival is 2%-5%[5,11,12]. Patients with Stage Ⅱ disease with
poor prognostic features include those with < 10 lymph
nodes sampled at surgery, T4 tumours (Table 1), bowel
obstruction or perforation at presentation, lymphovascular
invasion or high histological grade. Current practise is to
consider adjuvant chemotherapy for high-risk patients,
particularly when of young age and/or without major comorbidities.
Adjuvant therapy in the elderly
Historically, many adjuvant chemotherapy clinical trials
have excluded patients over 75 years of age, and as such,
the data regarding the risks and benefits of adjuvant
treatment in the elderly are limited. A pooled analysis
of over 3000 patients treated with adjuvant 5-FU
chemotherapy for stage Ⅱ or Ⅲ colon cancer investigated
the effect of age on overall survival and time to tumour
recurrence [13]. No significant interaction was observed
between age and the efficacy of treatment. The incidence
of toxicity was not increased among the elderly (defined
as age > 70 years), except for leukopenia in one study in
which 5-Fluorouracil (5-FU) was used in combination
with levamisole[13]. The observed benefit of 5-FU adjuvant
therapy in the 65 plus age range has been addressed in
several recent reports. No statistical difference in survival
benefit was observed between patients under and over
the age of 70 with the use of oxaliplatin and 5-FU
adjuvant chemotherapy in a randomised study which
included patients up to 75 years of age[14]. Neither was
there a difference in the rates of hematologic and nonhematologic toxicity. As such, fit elderly patients with
little co-morbidity should not be excluded from adjuvant
therapy on the basis of age alone.

CHEMOTHERAPEUTIC AGENTS AND
TOXICITIES
5-���
FU��������������������
and
�������������������
its derivatives
In the 1980’s, 5-fluorouracil based chemotherapy was
shown to provide a survival advantage over best supportive
care in metastatic CRC[15]. This formed the rationale for its
use as an adjuvant therapy in randomised trials. Adjuvant
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Table 2 Common adjuvant chemotherapy regimens for colon cancer
Chemotherapy Regimen

Drugs

Route

Dosage

Cycle length and number

Mayo Regimen[58]

5-FU/LV

iv

5-FU, 425 mg/m2 per day d 1-5
LV 20 mg/m2 per day d 1-5

28 d
6 cycles

Roswell Park [59]

5-FU/LV

iv

5-FU 500 mg/m2 per day weekly × 6
LV 500 mg/m2 per day weekly × 6

8 wk
4 cycles

Xeloda [24]

Capecitabine

oral

1250 mg/m2
BD × 14 d

21d
8 cycles

FOLFOX 4 [31]

5-FU/LV
Oxaliplatin

iv

Oxaliplatin 85 mg/m2 d 1
LV 200 mg/m2 per d d 1-2
5-FU 400 mg/m2 per day d 1-2
5-FU, 600 mg/m2 per d CVI over 22 h, d 1-2

14 d
12 cycles

FLOX [32]

5-FU/LV
Oxaliplatin

iv

Oxaliplatin 85 mg/m2 wk 1, 3, 5
LV 500 mg/m2 wk 1-6
5-FU 500 mg/m2 wk 1-6

8 wk
3 cycles

CVI: Continuous venous infusion; LV: Leucovorin calcium; iv: intravenous.

5-FU in combination with levamisole showed a significant
increase in 5 year survival over surgery alone[16]. Cancer
recurrence was decreased by 41% (P < 0.0001) and overall
mortality was reduced by 33% (P = 0.006)[16]. 5-FU with
the addition of LV was then shown to be superior to
5-FU/levamisole in both disease-free survival (P = 0.037)
and overall survival (P = 0.0089)[17]. A randomised study
comparing high versus standard dose LV showed no added
benefit in overall survival or recurrence rates for high dose
therapy, and resulted in higher rates of toxicity[18]. The
standard duration of 5-FU chemotherapy for colon cancer
is 6 mo with patients treated for 12 mo showing no extra
benefit[19].
Different methods of administration of 5-FU have
also been investigated with infusion of 5-FU resulting in
greater response rates than bolus, with a slight survival
advantage in the metastatic setting[20]. This benefit has
not translated into increased survival in the adjuvant
setting[21,22]. Infusion of 5-FU is well tolerated, but requires
the insertion of an indwelling venous catheter and the
use of an infusion pump, both of which add to patient
inconvenience. Capecitabine, an oral fluoropyrimidine,
is converted to fluorouracil by thymidine phosphorylase,
an enzyme active in colorectal tumour tissue and has a
relatively predictable and favourable toxicity profile in most
people. It is an established alternative to 5-FU/leucovorin
in the metastatic setting, with equivalent progression free
and overall survival[23]. In a randomised equivalence trial
comparing bolus 5-FU and leucovorin with capecitabine
in the adjuvant treatment of stage Ⅲ colon cancer,
capecitabine showed equivalent disease free survival with
no increase in adverse events[24]. Capecitabine provides a
convenient oral alternative to bolus 5-FU therapy for those
able to tolerate and comply with an oral regimen[24].
5-FU and its oral equivalents share a common sideeffect profile with predominant gastrointestinal toxicities
including nausea, mucositis and diarrhoea. Neutropenia
and nausea are more commonly seen with the bolus 5-FU
regimens. Infusion of 5-FU and oral capecitabine have
higher rates of hand-foot syndrome (erythema, dryness
and cracking of palms and soles), diarrhoea and mucositis.

The treatment related mortality rate among patients
treated with 5-FU is 0.5%[25]. 5-FU is degraded through
the enzyme dihydropyrimidine dehydrogenase (DPD) as
the initial and rate-limiting step in pyrimidine catabolism.
Patients with an inherited deficiency or significantly
decreased DPD activity may develop life-threatening
toxicity following exposure to 5-FU with severe mucositis,
granulocytopenia, neuropathy and death[26]. The toxicity
results from decreased drug clearance, and prolonged drug
exposure. It has been estimated that approximately 3%-5%
of the Caucasian population and 8% of the AfricanAmerican population have DPD activity less than 95%
of normal[27]. While this lowered level of activity may not
result in life threatening 5-FU toxicity, it can result in grade
3/4 toxicities in a significant number of patients[28]. Thus,
although in the majority of persons a safe therapeutic
agent, careful monitoring, especially in the early stages of
treatment with 5-FU is warranted and dose reductions not
infrequently necessary.
Oxaliplatin
Although platinum derivatives such as cisplatin are inactive
in CRC, oxaliplatin, a third-generation platinum analogue
has impressive activity in combination with 5-FU and LV in
stage Ⅳ disease and is among the most effective agents for
metastatic CRC[29,30]. The combination has been evaluated
in phase Ⅲ studies for adjuvant treatment of stage Ⅱ and
Ⅲ colon cancer, using two differing regimens, FOLFOX4
and FLOX (Table 2). Both are of the same duration (24
wk), but differ in the cumulative dose of oxaliplatin and in
the need for continuous infusion of 5-FU. Both showed
superiority over 5-FU/LV therapy, with an absolute
improvement in 3 year disease free survival in the range
of 6%-8% for Stage Ⅲ disease, and 2%-3% for stage Ⅱ
disease[31,32]. Oxaliplatin in combination with 5-FU and
leucovorin is now the standard of care for stage Ⅲ colon
cancer in patients of good performance status.
The major toxicity of oxaliplatin is peripheral sensory
neuropathy of two distinct types. An acute neurotoxicity
includes cold-related dysesthesia, which may last days
after administration, and is transitory in nature. The use
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Table 3 Rates of local recurrence according to stage at
diagnosis, surgical management and the inclusion of radiotherapy
for rectal cancer (%)
Stage at
diagnosis

Surgery
[41]
alone

StageⅠ
Stage Ⅱ
Stage Ⅲ

14
22
46

Total mesorectal
[42]
excision
0.7
5.7
15

TME plus
[42]
radiotherapy
0.5
1.0
4.3

TME: Total mesorectal excision.

of calcium and magnesium infusions may reduce the
incidence and intensity of acute oxaliplatin reactions
such as pharyngeal spasm and intense cold-related
dysesthesia [33] . Oxaliplatin may also cause a sensory
neuropathy with increasing cumulative dose, which, in a
small number of cases, may be irreversible. In one study
of the commonly used FOLFOX4 regimen (Table 2), 12%
of patients experienced grade 3 neuropathy (paresthesia
interfering with function and severe objective sensory loss)
at the end of 12 cycles, which decreased to 1% at one year
follow-up[31]. Neutropenia is more common with regimens
that include oxaliplatin over 5-FU alone.
The efficacy and safety of targeted therapies in the
adjuvant treatment of CRC is currently under investigation.
Trials incorporating bevacizumab (an angiogenesis
inhibitor) with oxaliplatin based chemotherapy are
currently recruiting subjects[34].
Adjuvant therapy for rectal cancer and reducing local and
distant recurrence
The treatment of rectal cancer differs from that of colon
cancer in several respects. In cancers that are T3 or T4,
N1 or low in the rectum, surgical resection alone may
be associated with relatively high rates of loco-regional
recurrence. Depending on the stage of rectal cancer at
diagnosis, local relapse occurs in up to 50% of patients at a
median time of 12 mo following surgery (Table 3)[35]. Local
relapse with involvement of pelvic nerves, bone or other
organs by tumour can cause significant pain, as well as
sphincter, bladder and sexual dysfunction. Salvage surgery
with the intent of cure is rarely possible. Distant metastatic
disease commonly occurs in extra-hepatic sites and relapse
free survival after hepatic metastectomy is poorer than that
of colon cancer. Therefore, adjuvant treatment in rectal
cancer has two aims, control of distant and local relapse.
Radiotherapy and systemic chemotherapy are used in the
management of T3-T4, node positive and very low rectal
cancers[36]. Strong evidence exists for the impact of surgical
technique on local control. Total mesorectal excision
(TME), the precise anatomical excision of the rectum with
an intact mesorectum, is the current standard of care and
has been associated with reduced rates of local relapse
over previous surgical methods (Table 2)[37].
Preoperative staging
In a number of countries neo-adjuvant (pre-operative)
radiotherapy is routinely used. The aims of pre-operative
radiotherapy are to maximise the likelihood of a complete
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surgical resection, to downstage the primary cancer
allowing sphincter preserving surgery and to decrease the
risk of locoregional (pelvic) cancer relapse.
A potential disadvantage of such treatment is the
potential for over-treating early stage tumours (T1 or T2).
Hence, accurate pre-operative staging is vital. The best
modalities to assess rectal tumour invasion and nodal
stage (T and N score) have been investigated. For tumour
invasion through the muscle wall (T score), MRI appears
statistically superior to CT. The sensitivity for MRI is 97%
and the specificity 98%; for CT, the sensitivity is 70%
and the specificity 85%[38]. CT has a relatively high falsepositive prediction of pelvic floor and piriform muscle
invasion[38]. Preoperative evaluation of nodal status is still
problematic, and other imaging tools including transrectal
ultrasound (TRUS) have been evaluated. The results of
a meta-analysis on the accuracy of preoperative imaging
suggests that there is no significant difference between
MRI and TRUS with respect to assessment of nodal status,
but that CT scanning is inferior[39]. The sensitivity for CT,
TRUS, MRI and MRI with endo-rectal coil are 52%, 71%,
65% and 82%; for specificity 78%, 76%, 80% and 83%;
and for accuracy 66%, 74%, 74% and 82%, respectively[40].
Radiotherapy
A number of radiation schedules have been used in both
trial and practice. Short course pre-operative radiotherapy
consisting of 20 Gy given in five fractions over five
days has been used with the aim of reduction in local
recurrence. Long-term follow up of the Swedish Rectal
Cancer Trial comparing such radiotherapy followed by
surgery over surgery alone shows lower local recurrence
rates in the radiotherapy arm (9% vs 26%) [41]. In this
trial, patients did not uniformly undergo TME. The
Dutch Colorectal Cancer group conducted a similar trial
incorporating short course pre-operative radiotherapy
but all patients underwent TME with lower recurrence
rates again seen in the radiotherapy arm (2.4% vs 8.2%,
P < 0.001)[42]. The presence of cancer cell hypoxia may
be an important cause of resistance to radiation therapy,
so irradiating tissue not rendered hypoxic by previous
surgery may result in improved local control[43]. A German
trial compared 4 wk of preoperative chemoradiotherapy
using 50.4 Gy in 28 fractions combined with a five day
continuous infusion of 5-FU (1000 mg/m2 per day) during
the first and fifth wk of radiotherapy, with the same
regimen given post operatively for locally advanced rectal
cancer (T3/4 or node positive)[44]. All patients underwent
TME. Preoperative treatment resulted in a halving of
the local recurrence rate at 5 years over post-operative
treatment (6% vs 13%, P = 0.006) and was associated with
reduced toxicity including acute and chronic diarrhoea and
anastomotic strictures. There was no difference in overall
survival between the two groups[44].
Chemotherapy considerations in rectal cancer
5-FU may be administered as a radiation sensitiser.
Infusion 5-FU for the duration of radiotherapy has been
compared to bolus 5-FU in randomised trials with the
continuous infusion resulting in superior local and distant
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disease free survival [17,45]. Low dose oral capecitabine
during radiotherapy has also been investigated. In a
randomised phase Ⅱ trial of capecitabine versus infusion
of 5-FU during pre-operative radiotherapy, no statistically
significant difference in complete pathological response
rates at surgery were noted. Tumour down-staging was
statistically higher with capecitabine therapy (77% vs 50%,
P = 0.009) and the combination of radiotherapy and
capecitabine was well tolerated[46]. These findings suggest
preoperative chemoradiation with oral capecitabine may
be equivalent to continuous 5-FU[47]. Persons diagnosed
with node positive disease on pre-operative staging, or at
histological examination of the resected tumour should be
considered for adjuvant (post-operative) 5-FU therapy to
eradicate micrometastatic disease. As with colon cancer,
the duration of the chemotherapy should be 6 mo, which
includes the period of chemotherapy given concurrent
with radiotherapy. Phase Ⅱ data exists for the role of
oxaliplatin in combination with 5-FU in the treatment of
rectal cancer with a high pathological complete response
rate, but more toxicity than 5-FU used alone[48].
Surveillance post-curative resection and/or adjuvant
therapy in CRC
Despite adjuvant treatment, 30%-40% of patients with
stage Ⅲ and up to 25% of stage Ⅱ colorectal cancer
patients will develop locoregional recurrence, or distant
metastasis. Up to 8% will develop a new primary CRC
within 4 years[49]. The relapse rate for CRC is highest in
the first 2 years, and falls to < 5% at 5 years, with 80% of
relapses occurring within 3 years[6]. As such, the frequency
of clinical review should be maximal in this time period.
Surveillance aims to improve outcome by detecting isolated
and resectable cancer recurrences (hepatic, pulmonary
or anastomotic) or a new primary CRC. The method and
intensity of surveillance after primary treatment remains
controversial. Although increased detection of early
recurrence at a potentially curable stage could improve
survival, frequent imaging and biochemical investigations
incur cost and possibly concern for the patient. Often
surveillance detects incurable recurrences, months before
symptoms develop[50-52].
Recent meta-analyses have addressed intensive versus
simple follow-up strategies [50-52] . Intensive strategies
incorporate some form of abdominal imaging (usually
CT), whilst simple strategies rely on history and
examination alone, reserving imaging to investigate clinical
symptoms of recurrent disease. Both strategies incorporate
monitoring of CEA. In all meta-analyses, those with more
intensive surveillance were more likely to undergo surgery
with curative intent for metastatic or recurrent disease[53].
The most recent American Society of Clinical Oncology
(ASCO) guidelines regarding surveillance after potentially
curative therapy for colorectal cancer reflect the changing
attitude towards the role of routine CT imaging (Table 4)[6].
A pelvic CT should be included in rectal cancer patients,
especially if they have not had radiotherapy. There is less
evidence for performing chest CT, than for liver imaging.
However, as pulmonary metastasis are common in rectal
cancer, often occurring without CEA elevation, it may be

3803

[6]

Table 4 2005 ASCO Guidelines for post-treatment surveillance
Year post
diagnosis

History and
physical review

CEA level

CT scan chest Colonoscopy
and abdomen

Yr 1
Yr 2
Yr 3
Yr 4
Yr 5

3-6 monthly
3-6monthly
3-6 monthly
6 monthly
6 monthly

3 monthly
3 monthly
3 monthly
At review
At review

Yearly
Yearly
Yearly
Nil
Nil

Colonoscopy

CEA: Carcinoembryonic antigen.

more useful in these patients, particularly as pulmonary
recurrences have represented the largest proportion
of resectable metastasis in several trials[54,55]. Regarding
endoscopy, a number of guidelines exist. All patients
should have a pre or peri-operative colonoscopy. For
persons without specific familial risk, a repeat colonoscopy
should be performed at 1-3 years, and if normal, once
every 5 years thereafter. Those with high-risk genetic
syndromes should be followed more frequently. Flexible
sigmoidoscopy every 6 mo for 5 years is recommended for
patients with rectal cancer who have not undergone pelvic
radiotherapy (further discussion of post-surgical follow up
is provided in the final review of this topic review series by
Gan et al).

CONCLUSION
Currently, adjuvant therapy for colorectal cancer is
based on the clinical features at presentation including
co-morbidities and histologic features of the cancer.
Although a number of genetic and biochemical markers
of prognosis have been suggested, none have, as yet,
been proved robust enough in prospective trials, to guide
clinical practice[56]. Future research should aim to identify
additional prognostic factors to accurately predict benefit
from adjuvant treatment and allow individual tailoring of
therapy. Important issues, which need to be addressed,
include (1) selection of patients with stage Ⅱ disease who
would benefit from adjuvant therapy, (2) which patients
with node-positive colon cancer would be adequately
treated with 5-FU based therapy, and thus could be spared
the potential neurotoxicity associated with oxaliplatin
therapy? (3) How many cycles of oxaliplatin constitute
adequate therapy? (4) What is the role of oxaliplatin in
adjuvant treatment for rectal cancer?
Therapies targeting pathways involved in colorectal
carcinogenesis have an increasing role to play in
the management of metastatic colorectal cancer in
combination with more traditional chemotherapy
agents. Of particular interest are agents directed against
tumour growth factors, their receptors and down-stream
pathways. Bevicuzimab, a monoclonal antibody directed
against circulating vascular endothelial growth factor
and cetuximab and panitumimab, agents targeting the
epidermal growth factor receptor, have been used in
combination with chemotherapy in advanced colorectal
cancer with promising results. Trials are underway to define
their role in the adjuvant setting. Although much has been
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achieved in the adjuvant management of colorectal cancer
there is room for ongoing improvement in all areas to
increase the chance of cure for each individual treated.
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Abstract
The clinical management of metastatic (stage Ⅳ)
colorectal cancer (CRC) is a common challenge faced
by surgeons and physicians. The last decade has
seen exciting developments in the management of
CRC, with significant improvements in prognosis for
patients diagnosed with stage Ⅳ disease. Treatment
options have expanded from 5-fluorouracil alone to a
range of pharmaceutical and interventional therapies,
improving survival, and providing a cure in selected
cases. Enhanced understanding of the biologic pathways
most important in colorectal carcinogenesis has led to a
new generation of drugs showing promise in advanced
disease. It is hoped that in the near future the treatment
paradigm of metastatic CRC will be analogous to that of
a chronic illness, rather than a rapidly terminal condition.
This overview discusses the epidemiology of advanced
CRC and currently available therapeutic options including
medical, surgical, ablative and novel modalities in the
management of metastatic colorectal cancer.
© 2007 WJG . All rights reserved.
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INTRODUCTION
In most Western societies, colorectal cancer (CRC) is the
second most common cause of cancer-related death[��1�].
Worldwide, over 500 000 deaths per year are attributable to
colorectal cancer[��2�]. Approximately 35% of patients have
stage Ⅳ (M1, metastatic) disease at presentation and 20���
%��www.wjgnet.com

50% with stage Ⅱ or Ⅲ disease will progress to stage Ⅳ.
With the introduction of new therapies and improved
surgical techniques the death rate continues to decline at
approximately 1.8% per year. The five-year survival rate
for stage Ⅳ disease overall, remains approximately 10%[��1�].
The common sites of metastasis are liver, peritoneum
and lung. Approximately 50% of patients with stage
[��
3�]
Ⅳ disease will develop liver metastases . Rectal cancer
metastasizes to the lung as commonly as the liver [��4�] .
Cerebral metastases are uncommon; CRC is responsible
for around 5% of brain metastases and generally occurs at
5,6�]
a late stage in the disease[����
. Peritoneal carcinomatosis may
occur from transmural spread of the primary malignancy
or perforation at diagnosis and is associated with a poor
prognosis[��7�].

DIAGNOSIS
Computerized tomography [��8�] �����������������������
may be used as part of
the diagnostic workup of abdominal symptoms or as
part of routine surveillance after curative treatment for
stage Ⅱ and Ⅲ colorectal cancer. It has been shown that
surveillance CT imaging carries a survival benefit in this
setting, compared with less intensive follow-up[��4�]. The 2005
American Society of Clinical Oncology (ASCO) guidelines
recommend annual chest and abdominal CT scans for
the first 3 years after primary treatment for patients at
moderate to high risk of recurrence and for whom surgical
excision of metastases with curative intent would be
appropriate[��9�].
Positron emission tomography (PET) is increasingly
utilized when potentially curative resection is under
consideration. Combining PET with contrast-enhanced
CT, compared with CT alone, increases the likelihood of
finding extrahepatic metastases (89% vs 64%), new liver
metastases after previous liver resection (100% vs 50%),
and recurrences at the site of resection of the primary
10�]
tumour (93% vs 53%)[���
. PET, particularly when used with
CT, aids in accurate selection of patients for resection of
metastases.
Serum carcino-embryonic antigen (CEA) is a useful
biomarker for surveillance after treatment of stage Ⅱ and
Ⅲ colorectal cancer; however, 20% of colorectal cancers
11�]
do not express CEA[���
. CEA is most sensitive in detecting
hepatic metastases, but is less likely to be elevated with
isolated pulmonar y metastases [9] . The ASCO 2005
guidelines recommend 3 monthly CEA testing for at least
3 years after diagnosis[9].
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MANAGEMENT OF ISOLATED
METASTASES
Curative surgery
The 5-year cure rate after resection of liver metastases
without extra-hepatic disease is up to 40%, and even
12�]
more in some series[���
. Improved surgical techniques and
chemotherapy response rates have led to an increased
number of patients being considered for resection.
It is estimated that at least 20% of persons with liver
metastases may be suitable to undergo resection with
13�]
curative intent [���
. The suitability for resection of liver
metastases is related to location of disease as resection
must leave adequate viable liver (at least 30%), while
avoiding major vascular structures as well as absence of
extrahepatic disease, usually determined by CT and PET.
Risk factors for reduced survival following hepatic
resection include a liver resection margin < 1 cm and
14�]
multiple versus single metastatic deposits [���
. As an aid
to choosing the most appropriate management plan for
patients presenting with liver metastases, a computer
program (Oncosurge) has been constructed following a
15�]
comprehensive literature review of treatment options[���
.
This tool will be useful for clinicians to assess resectability
of patients with liver metastases, in conjunction with
discussions in a multidisciplinary setting including
experienced hepatobiliary surgeons.
Isolated pulmonary metastases may be considered for
surgical resection in patients fit enough for thoracotomy.
While operative mortality is just over 1%, 5-year survival
16�]
rates are approximately 27%[���
, with up to 36.9% reported
by one series for solitary metastasis (19.3% for 2 metastases
17�]
and 7.7% for > 2) [���
. One small study comparing 12
patients who underwent pulmonary resection within 3
mo of hepatic resection, to 9 who did not have the lung
metastases resected with a 3 year survivals of 60% vs
18�]
31% [���
. Although small series, these data suggest that
pulmonary metastectomy should be considered even after
hepatic resection. In retrospective analyses, elevated preoperative serum CEA was an adverse predictor of survival
16,17,19�]
after pulmonary metastectomy[���������
.
The benefit of administering chemotherapy prior to
(neo-adjuvant) or after (adjuvant) metastectomy is not
yet fully established. Neoadjuvant chemotherapy may
downstage tumours to make surgery feasible and more
successful and may also aid in control of micrometastatic
disease. There have been large studies demonstrating
successful resection after neoadjuvant chemotherapy
for 15��������������������������������������������
%�������������������������������������������
-20% of liver metastases previously deemed
20,21�]
unresectable[������
. Disease progression during chemotherapy
is indicative of a very poor prognosis regardless of
22�]
resection[���
. Although complete response of metastases
on imaging may occur, without surgery recurrence is
the rule. Thus, current practice is to administer 2-3 mo
of neoadjuvant combination chemotherapy with repeat
imaging to assess response, followed by surger y if
appropriate. Upcoming Phase Ⅲ trials of pre- and postoperative FOLFOX4 chemotherapy versus surgery alone,
may help to form an evidence base for decisions in this
23�]
area[���
.
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Hepatic arterial infusion chemotherapy (HAI)
HAI relies on the preferential blood supply of metastases
from the hepatic artery and the dual blood supply of
25�]
the liver with the portal vein[���
. Higher drug levels are
delivered at the sites of metastatic disease. The most
common agent used is the 5FU analogue floxuridine
(FUDR). The most serious side effects are biliary sclerosis
or catheter-related complications, both of which can be
26�]
fatal[���
.
Until recently, trials comparing HAI to systemic
chemotherapy for liver metastases had demonstrated
improved response rates, but survival benefits were
26-28�]
less clear [������
. A recent Phase Ⅲ trial of 135 patients
comparing HAI (FUDR, leucovorin (LV) and
dexamethasone) to systemic chemotherapy (5FU and LV)
showed a 24.4 mo vs 20 mo (P = 0.0034) median overall
survival benefit favouring HAI. Time to extrahepatic
progression, conversely, was 7.7 mo vs 14.8 mo favouring
29�]
systemic chemotherapy (P = 0.029) [���
. As more efficacious
agents (oxaliplatin, irinotecan) are now used in treatment
of metastatic CRC, it is unclear as to whether superiority
of HAI in such studies would be maintained when using
these newer agents as comparators. A Cochrane review
of HAI chemotherapy after resection or ablation of liver
metastases secondary to CRC, found no significant overall
survival advantage for HAI; as such this is not currently a
30�]
recommended intervention after liver resection[���
.
Radiofrequency ablation (RFA)
RFA uses high frequency alternating current creating ionic
agitation and heat, resulting in cell death by coagulation
31�]
necrosis[���
. Percutaneous, laparoscopic, and open surgical
techniques may be employed. Patients who are eligible
generally have fewer than five metastases, < 5 cm in
32�]
diameter and clear of major blood vessels[���
. One recent
study of 135 patients found a median survival of 28.9 mo
31�]
after RFA for surgically unresectable liver metastases[���
.
RFA can be considered for lung metastases, where
thoracotomy is not indicated (surgically unresectable
or the patient is medically unfit). Multiple lesions can
be treated in one procedure. The RAPTURE trial of
RFA for lung metastases from a variety of malignancies,
presented 2 year follow-up data in 2005. Of 53 patients
33�]
with CRC, 72% remain cancer free at 2 years[���
. A Phase
Ⅱ study of 55 patients with metastatic CRC undergoing
RFA demonstrated a 2-year disease-free survival rate of
34�]
57% and median overall survival of 33 mo[���
. The major
complication of lung RFA is pneumothorax (up to 43% in
35�]
one study)[���
.
Selective internal radiation therapy (SIRT)
SIR-Spheres® are biocompatible radio-active microspheres
containing yttrium-90 which emits beta radiation. This
36�]
Australian invention [���
delivers
���������������
up to 40
��������������
times more
radiation to liver metastases than would be possible using
37�]
conventional radiotherapy[���
, and has shown benefits in
liver metastases from both breast and colorectal cancer
as well as primary hepatocellular carcinoma (Figure 1) . A
hepatic arterial catheter is used to deliver the microspheres,
which may be combined with HAI or intravenous

www.wjgnet.com

3808

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

A

July 28, 2007

Regimen

Description

5FU Mayo[93,94]

5-FU 425 mg/m2/d D1-5
LV 20 mg/m2/d D 1-5
5-FU 500 mg/m2/d weekly × 6
LV 500 mg/m2/d weekly × 6
5FU 400 mg/m2 bolus D1 and D2
LV 200 mg/m2 D1 and D2
5FU 600 mg/m2 CIVI 22 h D1 and D2
LV 500 mg/m2 D1 weekly × 6
5FU 2300-2600 mg/m2 CIVI 24 h D1 weekly × 6
1250 mg/m2 BD, D1-14
Oxaliplatin 85 mg/m2 D1
LV 200 mg/m2 D1 and D2
5FU 400 mg/m2 D1 and D2
5FU 600 mg/m2 CIVI 22 h D1 and D2
Oxaliplatin 100 mg/m2 D1
LV 400 mg/m2 D1
5FU 400 mg/m2 D1
5FU 2400-3000 mg/m2 CIVI 46 h (D1, D2)
Oxaliplatin 85 mg/m2 D1, D15
LV 20 mg/m2 D1, D8, D15
5FU 500 mg/m2 D1, D8, D15
Oxaliplatin 85 mg/m2 D1, 15, 29;
LV 20 mg/m2 D1, 8, 15, 22, 29;
5FU 500 mg/m2 D 1, 8, 15, 22, 29
Oxaliplatin 85 mg/m2 D1 wk 1, 3, 5
5FU 500 mg/m2 bolus weekly wk 1-6
LV 500 mg/m2 bolus weekly wk 1-6
Irinotecan 180 mg/m2 D1,
LV 200 mg/m2 D1 and D2,
5FU 400 mg/m2 bolus D1 and D2,
5FU 600 mg/m2 CIVI 22h D1 and D2
Irinotecan 100-125 mg/m2 weekly × 4 wk
LV 20 mg/m2 weekly × 4 wk,
5FU 400-500 mg/m2 bolus weekly × 4 wk
Oxaliplatin 130 mg/m2 D1
Capecitabine 1 g/m2 BD D1-14
Capecitabine 1 g/m2 BD D1-14
Oxaliplatin 70 mg/m2 D1, D8
Irinotecan 200-250 mg/m2 D1
Capecitabine 1 g/m2 BD D1-14
Capecitabine 1 g/m2 BD D1-14
Irinotecan 100 mg/m2 D1, D8
Irinotecan 125-175 mg/m2 D1
Oxaliplatin 85-100 mg/m2 D1
LV 200 mg/m2 D1
5FU 400 mg/m2 bolus D1
5FU 3200 mg/m2 CIVI 48 h

LV5FU2
(AIO)[96]
Capecitabine[48]
FOLFOX4[53]

FOLFOX6[97]

bFOL[98]

FUFOX[99]

FLOX[100]

Figure 1 Response of hepatic colorectal cancer metastases treated with SIR
spheres. A: Pre-treatment; B: At 12 wk post after intrahepatic infusion of SIR
spheres.

FOLFIRI[63]

chemotherapy. A Phase Ⅲ trial of 74 patients comparing
HAI plus SIRT to HAI alone found a 44% vs 17.6% partial
and complete response rate (P = 0.01), with a 15.9 mo
vs 9.7 mo time to progression (P = 0.001), favouring the
38�]
combination[���
. This technology appears promising for the
future.

IFL[62]

SYSTEMIC CHEMOTHERAPY

CAPIRI[65]

Please refer to Tables 1 and 2 for details of chemotherapy
acronyms, regimens and key Phase Ⅲ trials, which are
discussed below.

FOLFOXIRI

5-Fluorouracil and calcium leucovorin
The anti-metabolite 5-fluorouracil (5FU) was the mainstay
of chemotherapy for metastatic colorectal cancer in
39�]
the latter half of the 20 th century [���
. The addition of
intravenous calcium leucovorin (folinic acid, LV) stabilizes
the binding of 5FU to thymidylate synthase, enhancing
40�]
the inhibition of DNA synthesis[���
. Combination therapy
was demonstrated in a meta-analysis of nineteen trials
to improve response rate and overall survival over 5FU
41�]
alone[���
. High dose LV does not appear to convey any
42,43�]
survival advantage over lower doses[������
. The combination
provides a median survival of approximately 12 mo
42�]
compared with 6 mo for supportive care alone[���
. Until
the last decade, 5FU and LV were the only active agents
in common use for metastatic CRC. Levamisole, an
immunomodulatory agent, was initially combined with
5FU-based regimens, but was later abandoned after no
44,45�]
survival benefit was shown in the adjuvant setting[������
.
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Table 1 Common chemotherapy regimens for metastatic
colorectal cancer

5FU Roswell
Park[45]
LVFU2[95]
(de Gramont)

B

Volume 13

XELOX[54]
CAPOX[55]
XELIRI[64]

[91,101]

Cycle length
4 wk
8 wk
2 wk

8 wk
3 wk
2 wk

2 wk

4 wk

8 wk

8 wk

2 wk

6 wk

3 wk
3 wk
3 wk
3 wk
2 wk

D1: day 1; LV: leucovorin; CIVI: continuous intravenous infusion; BD: twice
daily; d: daily.

Despite numerous documented regimens employing
either bolus or infusional 5FU, minimal overall survival
advantages have been shown for any one although the
response rate and progression free survival appear better
with infusional schedules, and one meta-analysis suggested
a slight survival advantage for infusional over bolus 5FU
46�]
(12.1 vs 11.3 m, P = 0.04) [���
. The side effect profiles
differ; infusions of 5FU cause more diarrhoea and handfoot syndrome (erythema, dryness and cracking of palms
and soles) while bolus 5FU carries a higher incidence of
haematological toxicity. 5FU/LV is used alone in patients
who are intolerant or have contra-indications to more
complex regimens.
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Table 2 Key phase Ⅲ trials in metastatic colorectal cancer
Author/trial

n

Arms

RR (%)

TTP (mo)

OS (mo)

Van Cutsem[48]

602

Capecitabine
5FU/LV Mayo

De Gramont[53]

420

FOLFOX4
LV5FU2

Hochster
TREE-1[56]

147

FOLFOX
bFOL
CapeOx

Hochster
TREE-2[56]

213

FOLFOX + bevacizumab
bFOL + bevacizumab
CapeOx + bevacizumab

Fuchs
BICC-Ca[66]

430

FOLFIRI
mIFL

18.90
15.00
(P NA)
50.70
22.30
(P = 0.0001)
41
20
27
(P NA)
52
39
46
(P NA)
46.60
41.90

5.2
4.7
(P = 0.65 NS)
9
6.2
(P = 0.0003)
8.7
6.9
5.9
(P NA)
9.9
8.3
10.3
(P NA)
7.6
5.8

38
(P NA)
54.40
53.30
(P NA)
39
21
(P < 0.001)

5.5
(P NA)
9.9
8.3
(P NA)
7
4.3
(P = 0.004)

13.2
12.1
(P = 0.33 NS)
16.2
14.7
(P = 0.12 NS)
19.2
17.9
17.2
(P NA)
26
20.7
27
(P NA)
23.1
17.6
(P = 0.10)
18.9
(P = 0.19 NS)
NR
18.7

35
22
(P =0.005)
56
54
(P = NS)
45
31
(P = 0.002)
35
(P = 0.03)
31
34
(P = 0.60 NS)
54
38
(P = 0.024)
43
33.6
(P = 0.168 NS)
66
41
(P = 0.0002)
44.8
34.8
(P = 0.004)
22
9

6.7
4.4
(P < 0.001)
8.5
8
(P = 0.26 NS)
8.7
6.9
(P = 0.0014)
6.5
(P = 0.001)
7
7
(P = NS)
7.9
5.4
(P = 0.033)
8.4
6.9
(P = 0.17 NS)
9.8
6.9
(P = 0.0006)
10.6
6.2
(P < 0.001)
7.2
4.8
(P < 0.0001)

17.4
14.1
(P = 0.031)
21.5
20.6
(P = 0.99 NS)
19.5
15
(P = 0.0001)
17.4
(P = 0.09 NS)
14
15
(P = 0.28 NS)
14
15
(P = NS)
21.5
19.5
(P = 0.337 NS)
22.6
16.7
(P = 0.032)
20.3
15.6
(P < 0.001)
12.9
10.8
(P = 0.0018)

4.1
1.5
(P < 0.001)
8.5

8.6
6.9
(P = 0.48 NS)
n/a

6.9
Improved PFS
(HR 0.54 P < 0.0001)

n/a
Approx 6.5 m both arms
(P = NS)

CAPIRI
Fuchs
BICC-C 2[66]

117

FOLFIRI + bevacizumab
mIFL + bevacizumab

Saltz[62]

683

IFL
5FU/LV (Mayo)

Douillard[63]

387

Tournigand[88]
GERCOR

220

FOLFIRI ≥ FOLFOX6
FOLFOX6 ≥ FOLFIRI

Goldberg[89]
N9741

795

FOLFOX4
IFL

Irinotecan
FOLFIRI
LV5FU2 (AIO)

IROX
Colucci[90]

360

FOLFIRI
FOLFOX4

Ross[71]

200

Mitomycin C + infusional 5FU
Infusional 5FU

Souglakos et al[91]

283

FOLFOXIRI
FOLFIRI

Falcone [92]

244

FOLFOXIRI
FOLFIRI

Hurwitz[24]

813

IFL + bevacizumab
IFL

Giantonio[78]
ECOGE 3200

822

FOLFOX4 + bevacizumab
FOLFOX4

Cunningham[81]
BOND-1

329

BOND-2[102]

Peeters[87]

74

Bevacizumab
Cetuximab + irinotecan
Irinotecan
Cetuximab + irinotecan + bevacizumab
cetuximab + bevacizumab

Discontinued
22.9
10.8
(P = 0.007)
38
23

463

Panitumumab
BSC

14.8
12.6
(P = 0.04)

NS: Not significant; BSC: Best supportive care; NA: Not available. aIn the BICC-C trial all arms were also randomized to +/- celecoxib, which
neither improved efficacy nor toxicity of chemotherapy.
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Capecitabine (Xeloda)
This oral pro-drug is converted to 5FU in three enzymatic
steps including thymidine phosphorylase, a tumourassociated angiogenic factor, theoretically resulting in
47�]
increased concentration at the site of metastases [���
.
Capecitabine is at least equivalent in efficacy to bolus 5FU
48�]
in metastatic colorectal cancer[���
. The toxicity profile is
similar to infusional 5FU with diarrhoea and hand-foot
syndrome of some degree in up to 50������������������
%�����������������
-60% of clinical
49�]
trial subjects[���
, often requiring a dose reduction. Although
many patients prefer to use an oral form of chemotherapy
rather than attending hospital for intravenous 5FU-based
chemotherapy, compliance must be assured when such
therapy is used.
Tegafur is an oral 5FU pro-drug given in combination
with uracil (UFT) and oral leucovorin. Phase Ⅲ data
comparing UFT/LV with bolus 5FU/LV in previously
untreated metastatic CRC demonstrated equivalent
overall survival (12.4 m vs 13.4 m, P = 0.630 NS) with less
50�]
diarrhoea and myelosuppression than bolus 5FU[���
.
Oxaliplatin (Eloxatin)
This platinum-based agent works by forming platinum51�]
DNA adducts, thus blocking DNA replication[���
. Although
it has minimal single-agent activity, it is synergistic with
52�]
5FU in the treatment of metastatic CRC[���
. A large Phase
Ⅲ trial of 420 patients compared FOLFOX4 to LV5FU2
(Table 1) and demonstrated improved response rate (50.7%
vs 22.3%, P = 0.0001) and progression-free survival (9.0
mo vs 6.2 mo, P = 0.0003), but overall survival was not
53�]
statistically significantly different[���
, possibly attributable to
patients in the control arm later receiving oxaliplatin, thus
obscuring any survival benefit. Newer trials have combined
capecitabine with oxaliplatin (CAPOX or XELOX), with
phase Ⅱ data demonstrating a 19.5 mo median overall
54,55�]
survival[������
. TREE-1 (Table 2), a small Phase Ⅲ trial,
compared CAPOX and two other regimens combining
oxaliplatin with 5FU and found equivalent overall survival
56�]
(OS) in each arm[���
.
Oxaliplatin’s main toxicity is sensory peripheral
neuropathy of two types-an acute, temporar y cold
related dysaesthesia; and a chronic cumulative persistent
sensory neuropathy which is dose-limiting and may be
57�]
irreversible[���
. Up to 90% of patients experience some
58�]
form of acute neurotoxicity [���
and 10��������������
%�������������
-15% chronic
[���
59�]
neuropathy . While most fully recover after a median time
60�]
of 13 wk[���
, in the MOSAIC study which employed the
FOLFOX4 regimen, 29% of patients still had some degree
57�]
of neurotoxicity 12 mo after cessation of therapy[���
.
Irinotecan (CPT11, Camptosar)
I r i n o t e c a n , a c a m p t o t h e c i n d e r iva t ive, i n h i b i t s
Topoisomerase I, impeding DNA uncoiling causing
61�]
double-stranded DNA breaks [���
. A Phase Ⅲ trial of
683 patients compared IFL (Table 1) with single agent
irinotecan or bolus 5FU/LV (Mayo regimen). Response
rate, progression free survival and median overall survival
(14.8 mo vs 12.6 mo, P = 0.04) were all improved with
62�]
IFL[���
. Another Phase Ⅲ trial randomized 387 patients
to FOLFIRI versus LV5FU2 (Table 1). This trial also
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demonstrated a higher overall survival (median 17.4 mo vs
63�]
14.1 mo, P = 0.031), favouring the irinotecan arm[���
. The
combination of capecitabine with irinotecan (CAPIRI or
XELIRI) in Phase Ⅱ studies suggest comparable activity
64,65�]
to FOLFIRI with a 16-19 mo median overall survival[������
;
however, recent data from a phase Ⅲ trial found a trend
towards superior response rate and overall survival with
FOLFIRI over CAPIRI (OS 23.1 m vs 18.9 m P = 0.19
66�]
NS)[���
. The main dose-limiting side effect is diarrhoea,
experienced in over 50% of patients in these studies. This
was of Grade 3 or 4 severity in 22�����������������������
%����������������������
-44% of those treated.
Mitomycin C
This antineoplastic antibiotic, isolated from Streptomyces
caespitosis, is activated to become an alkylating agent in
vivo, cross-linking and inhibiting DNA synthesis and
67�]
function [���
. It demonstrates single-agent activity in
68,69�]
metastatic CRC[������
, but
������������������������������������
is accompanied by a significant
risk of neutropenia and a small risk of haemolytic-uraemic
70�]
syndrome[���
. A randomised study of 200 patients showed a
54% vs 38% response rate in patients receiving mitomycin
C and infusional 5FU, compared with 5FU alone (P =
71�]
0.024); overall survival was equivalent[���
. Irinotecan added
to mitomycin C, in 41 patients who had progressed on
72�]
5FU, showed a median overall survival of 11.9 mo[���
. More
recently, a phase Ⅱ study of 36 patients demonstrated
efficacy for mitomycin C and capecitabine in irinotecanrefractory metastatic CRC, with a 15.2% response rate and
73�]
median overall survival of 9.3 mo[���
.
Targeted therapies
Inhibitors of circulating growth and angiogenic factors,
their cell surface receptors, and corresponding intracellular
tyrosine kinases are increasingly used combined with or
as an alternative to chemotherapy. For metastatic CRC,
two agents have entered routine clinical practice: the
monoclonal antibodies bevacizumab and cetuximab.
Bevacizumab (Avastin®)
Bevacizumab is a humanised monoclonal antibody
targeting vascular endothelial growth factor (VEGF),
an angiogenic factor over-expressed in approximately
74�]
50% of colorectal cancers[���
. The antibody-bound form
of VEGF is unable to bind to its cell surface receptor,
preventing activation of an intracellular tyrosine kinase
pathway which regulates cell proliferation, angiogenesis,
75�]
and cell survival [���
. Bevacizumab in combination with
chemotherapy, is now regarded as appropriate 1 st-line
therapy for metastatic CRC. After a preliminary Phase
Ⅱ study suggested that bevacizumab had efficacy in
76�]
combination with 5FU/LV in metastatic CRC[���
, a Phase
Ⅲ trial with 813 previously untreated patients randomized
to IFL +/- bevacizumab further demonstrated activity. A
significant overall survival advantage was seen favouring
24�]
the experimental arm (20.3 mo vs 15.6 mo, P < 0.001)[���
.
An analysis of 3 trials using 5FU/LV +/- bevacizumab
demonstrated a 17.9 mo vs 14.6 mo (P = 0.008) overall
survival advantage with the combination compared with
77�]
5FU-based treatment alone[���
. In the three arm ECOG
3200 study, FOLFOX4 +/- bevacizumab was compared
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Cetuximab (Erbitux®)
This chimeric monoclonal antibody, targeting the
extracellular domain of the epidermal growth factor
receptor (EGFR or HER-1), has demonstrated activity
in metastatic CRC. Although the EGFR gene is overexpressed or upregulated in 60��������������������
%�������������������
-80% of colorectal
� � �]
c a n c e r s [ 79
, c e t u x i m a b r e s p o n s e i n C RC a p p e a r s
80,81�]
independent of EGFR expression[������
. In a phase Ⅱ study
(128 patients) adding cetuximab to irinotecan after failure
82�]
of irinotecan alone, a 22.5% response rate was obtained[���
.
In the BOND-1 study of 329 participants refractory to
irinotecan, randomised to cetuximab and irinotecan or
cetuximab alone, a significantly higher response rate and
median time to progression for the combination was
81�]
seen, although overall survival was no different[���
. The
above trials explored the use of cetuximab in previously
treated patients. Its role in 1st-line treatment; and also in
combination with oxaliplatin-based regimens, is yet to
be fully elucidated. The main side effect is an acneiform
skin rash in up to 89%[83]; the degree of skin reaction may
80,84�]
correlate with response rate[������
. Diarrhoea is relatively
common; and allergic reactions may occur, possibly related
85�]
to the mouse component of the antibody[���
.
Panitumumab
This antibody also targets the EGFR, but in contrast
to cetuximab, it is derived from the XenoMouse, a
transgenic mouse which produces fully humanized
86�]
antibodies[���
. A Phase Ⅲ trial comparing panitumumab
with best supportive care in 463 patients with CRC after
progression on irinotecan and oxaliplatin, showed 8% vs
0% partial responses and 28% vs 10% with stable disease.
87�]
No overall survival benefit has been seen to date[���
. Rash
of some degree occurs in over 90% of patients, and
hypomagnesaemia in 38% of patients in this trial, but
allergic reactions appear uncommon.
Which agent and which combination?
Decisions as to the best choice of therapy are based on
performance status, co-morbidities, and the preferences
of the individual. T he optimal combination and

30
Median overall survival (mo)

with bevacizumab alone in 822 patients with previously
treated metastatic CRC. The bevacizumab-alone arm was
discontinued due to inferiority at an interim analysis. An
overall survival advantage (12.9 mo vs 10.8 mo, P = 0.0024)
as well as significant response rates and progressionfree survival benefits were seen in the FOLFOX4 plus
78�]
bevacizumab arm[���
. The TREE-2 study (Table 2) added
bevacizumab to three different oxaliplatin-containing
regimens and found improved response rates and time
56�]
to progression when added to all three[���
. The toxicities
of bevacizumab when added to chemotherapy alone
include hypertension (22% vs 8.3% overall and 11% vs 2%
requiring treatment), bleeding or thrombosis, in particular
arterial thrombotic events (CVA, AMI, TIA, angina),
were increased (5% vs 2.5%), proteinuria in 26% and
24�]
gastro-intestinal perforation in 1.5% or 6/393[���
. VEGF
is involved in wound healing, which may explain the last
complication.
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Figure 2 Survival benefits of chemotherapy regimens in metastatic colorectal
cancer.

sequencing of therapeutic agents in the metastatic setting
is unknown. A randomized study of FOLFIRI followed
by FOLFOX6 at progression, or the reverse sequence,
demonstrated equivalent time to first progression (8.5 mo
vs 8.0 mo P = 0.26) and median overall survival (21.5 mo
88�]
. A Phase Ⅲ study in 795 persons
vs 20.6 mo, P = 0.99)[���
compared FOLFOX4 with IFL and IROX (irinotecan
and oxaliplatin). All outcome measures were better for the
FOLFOX4 regimen with median survival 19.5 mo (vs 15
mo for IFL P = 0.0001 and 17.4 mo for IROXP = 0.09
89�]
NS)[���
. Because oxaliplatin was not available commercially
in the US at the time, the difference in overall survival may
have been accentuated by differential access to secondline treatment for those in the two arms of the trial.
Additionally, only the FOLFOX4 arm used infusional 5FU,
which may have contributed to its advantage. In fact, phase
Ⅲ data from a study of 360 persons comparing FOLFIRI
and FOLFOX4 (both using infusional 5FU), demonstrated
no difference in response rate, time to progression and
90�]
OS between the two arms [���
. A recent Phase Ⅲ study
comparing FOLFOXIRI (Tables 1 and 2) to FOLFIRI in
283 participants demonstrated more toxic side effects but
91�]
no difference in outcomes with the triple combination[���
.
A further phase Ⅲ trial compared FOLFOXIRI with
FOLFIRI in 244 persons and found a statistically
significant overall survival advantage of 22.6 mo vs 16.7
mo (P = 0.032) for the triplet arm with increased but
92�]
manageable toxicities[���
. In practice, most fit patients will
receive a number of therapeutic agents for management of
metastatic disease, including 5FU, capecitabine, irinotecan,
oxaliplatin, cetuximab and bevicuzimab, as overall survival
benefits continue to improve (Figure 2).

CONCLUSION
The management of metastatic colorectal cancer in the
twenty-first century is becoming increasingly complex, with
the development of innovative new therapies and further
scope for combinations of active agents. In addition,
there have been significant advances in surgical and other
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ablative and local techniques, and it seems certain that
targeted therapies will become a major component of the
management of colorectal cancer Overall, these gains in
the last decade are beginning to impact on survival and
quality of life for people affected with this devastating
disease, and there is hope that ter minal metastatic
colorectal cancer may one day become a rarity.
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Abstract
Surveillance after resection of colorectal cancer with
curative intent is an important component of postoperative care. Clinical review, imaging, colonoscopy, and
cost to the community are among significant issues to
consider in planning a surveillance regime. This review
aims to identify the available evidence for the use of
surveillance and its individual components. The literature
pertaining to follow-up of patients following potentially
curative surgery for colorectal cancer was reviewed
in order to formulate a summary of the wide range of
clinical practice. There is evidence of improved survival
of patients undergoing more intense follow-up compared
with those having minimal surveillance, with an estimated
overall 5-year gain of up to 10%. The efficacy of individual
components of follow-up regimes remains unclear, but an
overall package of ‘intensive’ follow-up including clinical
review, liver imaging, and colonoscopy appears to be
of benefit. It is cost-effective and can be specialist or
community-based.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Colorectal cancer is a common malignancy in the
www.wjgnet.com

developed world with a lifetime risk of 1 in 20 [1-3] .
Around 20% of patients with colorectal cancer will have
evidence of metastatic disease at presentation, and one
third of patients undergoing surgical management with
curative intent will subsequently relapse, resulting in
significant morbidity, and the majority of these die of
their disease[1,4-13]. Relapse most often presents within 3
years, but rarely can occur up to 10 years after resection
of primary disease [14-20] . The most common sites of
recurrence are the liver, the lungs, and the original site of
resection[4,7,14,16,21,22].
The primary aim of surveillance in patients with
colorectal cancer treated by curative intent surgery is to
detect locoregional recurrence, metastases, or metachronous
primary disease at an early asymptomatic stage. Detecting
recurrent disease is only useful if early treatment leads to
an improved prognosis. Although the majority of relapsing
patients are incurable, around one third of patients with
isolated distant or locoregional recurrence are alive at 5 years
after treatment, and long-term survival is possible[21,23-33].
Rates of resection for isolated or limited disease recurrence
have increased, and approximately 20% of patients with
hepatic relapse are currently considered for surgery[24,32,34].
Some additional patients may also have resectable disease
after downstaging with chemotherapy [35] . Long-term
survival is also not uncommon after resection of pulmonary
metastases, even after previous resection of recurrent
hepatic disease[36]. There is evidence that high risk (Stage Ⅱ
or Ⅲ) patients with imaging-detected recurrence have better
survival than those who relapse and present with symptoms,
even after taking lead-time bias into account, most likely
due to amenability to resection[37]. Survivors of colorectal
cancer are at increased risk of developing new primary
tumours [38-40], and surveillance results in metachronous
primary cancers being diagnosed at earlier stages than index
tumours, with high rates of potentially curative resection[41].
Most relapse detected by surveillance is not curable.
Length of survival of patients who develop widespread
or inoperable relapse has steadily improved with current
palliative chemotherapy regimes achieving median survival
approaching 2 years, compared to 5 mo for best supportive
care[34,42-51]. There is also evidence that these patients have
a stable or improved quality of life, despite side effects
during chemotherapy [52,53]. Palliative chemotherapy has
been shown to prolong survival and the time to disease
progression in asymptomatic patients, as well as duration
of the asymptomatic period[54]. Older patients with good
performance status also tolerate palliative chemotherapy,
with similar survival benefits to those aged less than

Gan S� et al. Colorectal cancer surveillance

70 [55,56]. Radiotherapy, with or without chemotherapy,
can be useful for symptom control of inoperable rectal
tumour recurrence, although 5-year survival rates are
very low [24,57,58]. Chemoradiotherapy may also increase
resectability of locally advanced pelvic recurrence in
patients who have not previously been irradiated[59].
Additional potential advantages of follow-up include
the provision of psychological support, identification and
treatment of complications, as well as quality control,
teaching, research, or audit. From a patient’s perspective,
most view follow-up in a positive light even if it would not
lead to earlier detection of recurrence[60].
Follow-up practices and guidelines vary widely after
potentially curative surgery[61]. A number of randomized
trials have failed to demonstrate survival advantage of
intensive surveillance, but recent meta-analyses of the data
have suggested a survival advantage of more intense followup[62-64]. This review examines evidence for surveillance
strategies and guidelines published in the current literature.

META-ANALYSES
Some authors have questioned the need for intensive
follow-up, or even any surveillance, after surgery for
colorectal cancer[65-67]. Major debate occurs amongst those
advocating surveillance, in relation to how intensive it
should be, stemming from conflicting results of numerous
studies, many of which are non-randomized[62,68]. Initial
meta-analyses suggested a survival benefit for patients kept
under surveillance, but these included non-randomized
publications, or a mix of cohort studies with randomized
studies[12,69].
A number of randomized trials comparing more with
less intensive follow-up have failed to demonstrate a
survival advantage, although they lacked statistical power
to detect a difference [70-72]. Another randomized study
did reveal earlier detection of recurrent disease in the
group kept under more intense surveillance, with a higher
proportion undergoing resection with curative intent
compared to relapse in those with less intense surveillance,
but this did not translate into improved sur vival [73] .
Subsequent trials have shown improved sur vival at
5 years, most likely due to increased numbers of potentially
curative re-resections in those followed more intensely[15,74].
Three meta-analyses of reported randomized trials have
been performed in an attempt to overcome the deficiency
in patient numbers, and have demonstrated improved
survival of patients undergoing more intense follow-up
compared with those having minimal or no follow-up, with
an estimated overall 5-year survival gain of 7%-10%[62-64].
This improvement in overall survival has been attributed
to earlier detection of recurrent disease in those followed
more intensively, as well as a higher rate of detection of
isolated locoregional recurrence in the same patients[64].
The overall incidence of disease recurrence was similar for
both groups. Re-operation rates were higher in the more
intensive arm, but it has been argued that the number
potentially curable salvage operations for recurrence
remains low and does not account for all of the survival
gain seen in these trials[75]. In addition, cure attributable to
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detection of resectable liver metastases is more likely than
for resectable locally recurrent disease (8.5% vs 2.4%)[7].
Other mechanisms contributing to a survival advantage of
surveillance in these patients may include management of
co-morbidity, promotion of beneficial dietary and lifestyle
factors, and increased psychosocial supports[75].
Although pooled data is suggestive of a survival
advantage for intense sur veillance after potentially
curative colorectal cancer resection, marked heterogeneity
exists between the intervention and control groups of
the randomized studies included in the meta-analyses.
Surveillance protocols in the intensive follow-up arm of
3 of the studies were similar to the control follow-up
arm of another 2 studies, with a sixth study adopting 2
risk-stratified follow-up programs within the ‘intensive’
ar m [15,70-74] . Contributions of sur veillance inter vals,
duration, or tests utilized towards a survival advantage,
are not able to be extrapolated. Sub-group analysis
suggests, however, that utilization of liver imaging may
improve survival [62]. It is difficult to draw conclusions
about the use of carcinoembryonic antigen (CEA) testing
from the pooled data, as it was used in conjunction with
liver imaging in all but one study, and other studies also
utilized CEA testing in the control arm, albeit at reduced
frequency in one. Rates of detection of anastomotic
recurrence and metachronous primary disease were equal
in both surveillance regimes[64]. Two additional randomized
studies have been designed with adequate power to detect
a difference between surveillance strategies[63,76].

CLINICAL REVIEW
There is significant variation in clinical review patterns of
patients post-operatively, in terms of frequency, duration,
investigations utilized, as well as the specific clinician
involved. Small sample populations of follow-up trials
have resulted in a lack of definitive recommendations, and
the value of routine consultation and physical examination
has not been addressed. Rigid proctosigmoidoscopy
following rectal cancer excision has been advocated by
some organisational guidelines, but there is no evidence
to support its use. Two randomized studies have included
proctoscopy in follow-up, but very few locoregional
recurrences were detected using this method[71,72]. Some
patients undergoing surveillance develop symptoms and
re-present during the interval between clinical reviews,
while others developing symptoms delay presentation
until the next visit is scheduled, making interpretation of
schedules difficult[12].

RADIOLOGICAL IMAGING
Chest x-ray
Studies evaluating plain chest x-ray as a routine imaging
modality for detecting recurrent colon cancer show a very
modest, less than 5%, identification of asymptomatic
disease[77]. This may be slightly better if used in the context
of rectal cancer which has a higher risk of lung metastases,
with trials showing between a 2%-12% utility[70-72]. There is,
however, no evidence to show a survival benefit from the
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Table 1 Recommendations of the Australian Cancer Network (ACN) , Association of Coloproctology of Great Britain & Ireland
[79]
[80]
(ACPGBI)
and the American Society of Colon and Rectal Surgeons (ASCRS)
for post-operative follow-up

Clinical review
Laboratory tests
Imaging
Colonoscopy

Faecal occult blood tests

ACN
3-6 monthly for 2 yr, then 6-12 monthly thereafter
No end time
CEA 3-6 monthly
No recommendation for LFT or FBC
CT liver (no recommendation for timing)

ASCRS
3 times per year
Minimum of 2 years
CEA recommended
LFT & FBC not recommended
Liver imaging within 2 yr of resection if Not recommended
asymptomatic
Completion colonoscopy within 3-6 mo if not done Completion colonoscopy within 6 mo if not Completion colonoscopy within
pre-operatively
done pre-operatively
6 mo if not done pre-operatively
3-5 yearly
3-5 yearly
3 yearly
No end time
No end time
No end time
No recommendation
No recommendation
No recommendation

use of routine chest x-ray in follow-up regimes. Despite
this, some guidelines consider it appropriate to include
chest x-ray as part of any follow-up strategy[62,78].
Liver imaging
The liver is the most common site of distant recurrence
and yet the data available is inconclusive as to the
timing and frequency of imaging. The evidence at hand
allows interpretation to both support and refute the
appropriateness of routine liver imaging and this is shown
in the follow-up guidelines of the ACPGBI [79] which
recommends routine imaging in contrast to the ASCRS[80]
which recommends against this policy, with both groups
citing the same reference[70] (Table 1). A survival benefit
has been demonstrated by the three meta-analyses
however, where some form of liver imaging was confined
to the ‘high intensity’ follow-up arms by most of the
included trials[62-64]. It is difficult to dissect out the influence
of imaging from the other components of the individual
protocols, such as CEA testing.
Others
Newer imaging modalities emerging include the use of
monoclonal antibodies and positron emission tomography,
but as yet there is no evidence that either of these provide
any advantage over existing surveillance options[80-82].

LABORATORY TESTS
CEA
CEA is not a reliable population screening tool for the
initial detection of colorectal cancer. There have been
numerous studies examining its use in surveillance of
patients after resection for colorectal cancer, as it is well
recognised that CEA titres are frequently elevated at the
time of diagnosis of recurrent disease[37,77,83-85]. Although
detection of recurrent disease by this method is more
common in patients with pre-operative elevation of
CEA[83], Zeng et al[84] demonstrated subsequent elevation in
44% of high risk patients who had a normal CEA result
pre-operatively. False positive rates of CEA elevation
of 7%-16% have been reported, and false negative
rates of around 40% [83,86]. A rise in CEA titre is seen
more commonly in metastases to the liver (up to 80%

www.wjgnet.com

ACPGBI
No recommendation for frequency
No end time
No recommendation for CEA, LFT, or FBC

of patients) than in locoregional or non-hepatic distant
recurrence[29,83,86].
Several studies have shown that CEA rise is often the
first sign of recurrence[71,83,85,86]. A positive CEA result has
been shown to occur from 1.5-6 mo before recurrence is
detected by other measures[83,85]. This lead time between
CEA elevation and diagnosis has led to the hypothesis that
earlier detection may allow for re-resection with curative
intent, and therefore, increased long-term survival. A
number of individual studies have, however, shown that
there is no significant survival advantage in patients whose
surveillance involves CEA monitoring [29,71,83,87]. Metaanalysis of randomized trials has demonstrated a reduction
in mortality with intensive follow-up comprising combined
liver imaging and regular CEA monitoring, although
there were considerable differences in the CEA testing
protocols included[64]. CEA measurement has also not been
standardized, resulting in publication of figures ranging
from 40% to 89% of patients in whom CEA elevation was
the first indicator of recurrent disease[88,89].
There have been few studies to consider the costeffectiveness of CEA surveillance. Kievit et al[87] felt that
the cost of CEA monitoring was not supported by an
increase in quality-adjusted life expectancy, and that given
the high cost of following up all patients with positive
test results (true and false positives), CEA was not costeffective enough to be used routinely in follow-up.
Others
A large meta-analysis by Kievit has shown that liver
function tests (LFT) are not useful in the detection of
liver metastases, as false positive results occur 15-70 times
more frequently than true-positive results[7]. In patients
with recurrent cancer, at the time of diagnosis CEA was
elevated more often than any individual LFT or a panel
of combined LFTs. When CEA and LFTs are combined
in surveillance, in comparison to CEA alone, the addition
of LFTs did not result in a significant difference in the
detection of recurrent cancer[90].
There is no evidence of the usefulness of full blood
counts (FBC), other tumour markers such as Ca19.9, or
liver function tests in surveillance, and as such, none of
these tests are currently recommended in the published
guidelines[91,92].
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COLONOSCOPY
It is universally agreed that complete visualisation of
the colon is recommended before curative resection to
identify synchronous lesions. There may be situations
which preclude this such as an obstructing lesion, or for
technical reasons a complete intubation to the caecum/
terminal ileum is not possible, then double-contrast
enema or computed tomography pre-operatively, with
completion colonoscopy within 3-6 mo after resection is
acceptable[79,80,93].
Patients of all stages having curative resection are
considered appropriate for colonoscopic surveillance,
unless other mitigating circumstances such as advanced
age or co-morbidities apply [41]. The aim is to identify
either recurrent disease or metachronous primary lesions.
There is, however, no evidence of a survival benefit
in the detection of intraluminal recurrent disease. The
randomized controlled trial by Shoemaker et al[70] and the
Cochrane meta-analyses by Jeffrey et al[63] did not show
any benefit of more intensive review which included
colonoscopy. The hypothesis is that the infrequency with
which local recurrence occurs in colon cancer, at between
2% to 4%, and the fact that this usually occurs in the
presence of widespread unresectable recurrent disease,
together lead to no perceivable survival benefit[64]. There
is some suggestion that the higher recurrence rates of
rectal cancer may confer greater benefit[41], but with the
now prevalent use of the technique of total mesorectal
excision, and neo-adjuvant chemoradiotherapy, this may
change.
The first post-operative examination is recommended
after 1 year, and this is based on historical data, which
shows that there is a high incidence of metachronous
primar y cancers in the 2 years following curative
resection[94]. Subsequent studies are recommended at three
to five yearly intervals, unless intervening events occur,
such as the identification of polyps. In formulating their
guidelines, the American Cancer Society[41] performed a
meta-analysis and reported a rate of 157 colonoscopies
per metachronous primary cancer detected, with an
incidence of 0.7% within the first two years after curative
resection. The tumours were identified at an early stage,
with a large proportion (65%) being Dukes’ A or B, 56%
asymptomatic, and 87% subsequently operated on for
cure.

COST OF SURVEILLANCE
There are no randomised controlled trials of cost analysis.
There are, however, a large number of studies evaluating
the cost and cost-effectiveness of a variety of surveillance
regimes. It is clear that post-op follow-up entails a
significant cost, calculated in an Italian study by Audisio
et al[95] at $136 779 ($US) per patient cured, whilst Ketteniss
et al[96] measured the cost per life-year gained at 28 258DM.
Despite this, the general consensus of these and other
studies is that follow-up is justified. Worthington et al[97]
cites the cost analysis of the Norwegian Gastrointestinal
Cancer Group by Norum et al [98] , which calculated a
value per quality adjusted life year (QALY) equivalent to
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AUS$28 690, and makes the point that this is less expensive
than the cost of lung transplantation AUS$275 000/QALY,
and comparable to aortic aneurysm repair AUS$27 192/
QALY, carotid endarterectomy AUS$12500, and lumbar
discectomy AUS$52 967/QALY.
,

WHO SHOULD UNDERTAKE FOLLOW-UP?
Debate exists in relation to who should undertake followup[61]. Options include specialist surgeons, oncologists,
general practitioners, and colorectal nurse practitioners.
Traditionally most patients having had potentially curative
resection are kept under surveillance by their surgeon,
often long term, and with considerable variability in
specific tests and intervals utilized[99-104]. It has been argued
that patient support is the most useful aspect of follow-up,
and that this is best offered by primary care physicians or
specialist nurses, rather than surgeons[7]. There is evidence
that patients with follow-up led by either surgeons or
general practitioners experience similar outcomes, in terms
of rates of recurrence, time to recurrence detection, and
survival[105]. Patient satisfaction is also high in patients kept
under surveillance by general practitioners or surgeons,
and no difference in quality of life is seen between the
two [106]. Mental wellbeing has, however, been reported
to be high in survivors of colorectal cancer, and there is
evidence that any form of surveillance has little impact in
terms of psychological benefit[107-109].

CONCLUSION
There is evidence of a survival advantage of surveillance
following surgery with curative intent for colorectal cancer.
The efficacy of individual components of follow-up
regimes remains unclear, due to the size and heterogeneity
of published studies, resulting in a wide variation in current
practice, but an overall package of ‘intensive’ followup appears to be of benefit. Community-based followup has been shown to be as effective as that undertaken
by specialists. Intensive surveillance is felt to be costeffective, with higher up front costs being acceptable[110].
Mechanisms of improved survival are not clear, and
appear to be multifactorial. Earlier detection of locoregional
disease recurrence may only make a minor contribution,
and the impact of potentially curative resection of liver
metastases is likely to be more significant, although health
promotion and management of co-morbidity may also
contribute. A role for psychological benefit is less clear,
and it appears that patients with colorectal cancer have a
high baseline of mental wellbeing.
There also appears to be an advantage in the detection
of non-curable recurrence. Asymptomatic patients, including
the elderly, benefit from early palliative chemotherapy, and
pelvic recurrence may be downstaged to resectable disease
using radiotherapy.
The duration and schedule of surveillance, as well
as which tests are utilized, cannot be determined from
the current literature. Guidelines produced by major
health organizations vary as illustrated in Table 1. There
is evidence; however, that colonoscopy is a beneficial
investigation. Although metachronous primary disease is
www.wjgnet.com
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not detected more frequently with intense surveillance,
it is relatively common and detected at an early stage
by colonoscopy, resulting in high rates of curative
resection [39,41]. Metachronous primary disease is often
detected within 2 years of the preceding tumour, and
may be due to alternative pathways of colorectal cancer
development which demonstrate accelerated carcinogenesis
in a proportion of this higher risk population[111]. There is
also evidence from the meta-analyses that liver imaging is
one of the important surveillance tools[62-64], particularly
as resectable liver metastases are likely to have major
influence on survival in relapsing disease. Current adjuvant
chemotherapy regimes can result in reduced short-term
recurrence rates[112]. It may be that they are prolonging the
time to presentation of disease recurrence beyond 4 or 5
years however, and follow-up durations may need to be
longer for Stage Ⅲ disease.
Longer or more intensive follow-up schedules may
themselves result in reduced patient compliance, another
important aspect of care has not been well documented,
and the threshold of adherence that is required for it to be
beneficial has not been established.
Large randomized clinical trials will be needed to
determine optimal evidence-based surveillance strategies.
Two are in progress, namely the UK-based FACS Trial[113]
cited by Jeffery et al [63] and the GILDA Trial [76]. Until
concrete evidence is available, a surveillance regime based
on risk-stratified regular clinical review, with some form of
liver imaging, as well as colonoscopy, is recommended.
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with 20.00 μmol/L NOChR for 48 h resulted in typical
DNA ladder bands of DNA of SGC-7901 cells, which could
be eliminated by treating with 10.00 μmol/L GW9662,
a blocker of PPARγ. Western blot analysis revealed that
after 24 h of treatment with 20.00 μmol/L NOChR,
PPARgamma and Bax protein expression of SGC-7901
cells increased but Bcl-2 expression decreased;
however, pre-incubation with 10.00 μmol/L GW9662
could efficiently antagonize and weaken the regulatory
effect of 20.00 μmol/L NOChR on Bax and Bcl-2 protein
expression of SGC-7901 cells.
CONCLUSION: NOChR induces apoptosis of SGC-7901
cell lines by activating PPARγ and decreasing ratio of
Bcl-2 to Bax.
© 2007 WJG . All rights reserved.

Abstract
AIM: To investigate the effect of 5, 7-dihydroxy-8nitrochrysin (NOChR) on apoptosis of human gastric
carcinoma SGC-7901 cell line.
METHODS: SGC-7901 cells were cultured in vitro
and the inhibitory effect of NOChR on proliferation of
SGC-7901 cells was measured by using an MTT assay.
NOChR-induced apoptosis rate of SGC-7901 cells was
detected using flow cytometry (FCM) with PI staining.
DNA ladder bands were observed by DNA agarose
gel electrophoresis. The influence of NOChR on the
proxisome proliferator-activated receptor-γ (PPARγ),
Bcl-2 and Bax protein expression of SGC-7901 cells was
analyzed by Western blot.
RESULTS: MTT assay showed that NOChR markedly
inhibited proliferation of SGC-7901 cells in a dosedependent manner, and when IC 50 was 4.14 μmol/L,
the potency of NOChR was 10 times than that of lead
compound, chrysin (ChR, IC50 was 40.56 μmol/L), and
was similar to 5-fluorouracil (5-FU, IC50 was 4.51 μmol/L).
FCM with propidium iodide (PI) staining demonstrated
that the apoptosis rates of SGC-7901 cells treated with
1.25, 5.00 and 20.00 μmol/L NOChR for 48 h were
9.8% ± 0.2%, 36.8% ± 1.9% and 45.5% ± 3.5%,
respectively, and were significantly higher when treated
with 5.00 and 20.00 μmol/L NOChR than that with
20.00 μmol/L ChR (12.9% ± 1.5%). DNA agarose gel
electrophoresis showed that treatment of SGC-7901 cells
www.wjgnet.com
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INTRODUCTION
Gastric cancer is one of the most common malignancy
in mankind and its incidence and mortality rank first in
China [1]. Recent data indicate the mortality of gastric
cancer in China is tending to increase and it severely
threatens health and life of people [2]. At present, the
managements of gastric cancer mainly include surgery
and chemotherapy, but the curative effect of the existing
chemotherapeutic drugs is not good enough and they have
numerous side effects, therefore, it has been a focus to
search the drugs capable of preventing and treating gastric
cancer and other malignancy.
Proxisome proliferator-activated receptor-γ (PPARγ) is
a member of the nuclear hormone receptor superfamily;
a ligand-dependent transcription factor that plays an
important role in lipid and glucose metabolism [3,4]. In
recent years, over-expression of PPARγ has been found
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in a variety of tumor cells and PPARγ agonists can induce
apoptosis[5,6]. It has been reported that chrysin (ChR) and
its derivatives activate PPARγ to inhibit COX-2 and iNOS
activity through various pathways with thiazolidones[7].
It has been demonstrated that ChR can markedly
inhibit the growth of human thyroid cancer cell line [8],
and has an effect on the inhibition of proliferation and
induction of apoptosis in human myeloid leukemia cells as
well[9,10]. Comte et al[11] reported that, through alkylation, the
hydrophobic degree of ChR is increased, its KD value is
decreased, and its binding affinity towards P-glucoprotein
(P-gp) in cells is enhanced. Our previous study showed
that the effect of 5, 7-dihydroxy-8-nitrochrysin (NOChR)
on the inhibition of proliferation of the colon cancer cell
line HT-29 and the gastric cancer cell line SGC-7901 was
stronger than the effect of ChR[12]. We also confirmed that
a series of B-ring trifluoromethylated derivatives of ChR
markedly inhibited the growth of HT-29 and SGC-7901
cell lines [13] and NOChR had an inhibitory effect on
primary Lewis lung carcinoma transplanted subcutaneously
into mouse and spontaneous metastasis of mouse Lewis
lung carcinoma in a dose-dependent manner[14].
In this study, we aimed to investigate whether NOChR
induces apoptosis of SGC-7901 cell line by activation
of PPARγ and whether Bcl-2 and Bax take part in this
mechanism, thereby providing a new idea for research
about pharmaceutical prevention and cure of human
gastric cancer.

MATERIALS AND METHODS
Cell line and cell culture
Human gastric cancer SGC-7901 cell lines were purchased
from the China Center for Type Culture Collection
(CCTCC), Wuhan, China and were cultured with RPMI
1640 medium supplemented with 100 mL/L calf serum at
37℃ in a humidified atmosphere containing 50 mL/L CO2
in air.
Medicines and chemical reagents
NOChR was synthesized in the Institute of Pharmacology,
Nanhua University as previously described [12], with a
molecular weight of 299 ku, characteristic yellow crystals
and purity of 99.0%. NOChR was dissolved in dimethyl
sulfoxide (DMSO), diluted with phosphate buffer solution
(PBS), and finally prepared as 2 mmol/L mother liquor
by filtration sterilization. RPMI 1640, MTT and DMSO
were purchased from Huanei Biotechnology Company.
5-fluorouracil (5-FU) was from Jinghua pharmaceutical
Corporation Ltd, Nantong. The apoptotic DNA Ladder
Apoptotic DNA Ladder Detection Kit was purchased
from Bodataike Company, Beijing. Mouse anti-human
Bcl-2 monoclonal antibody, mouse anti-human Bax
monoclonal antibody and rabbit anti-human PPAR γ
polyclonal antibody were purchased from Santa Cruz
Company.
MTT assay
SGC-7901 cells were seeded in a 96-well plate at a density
of 2.0 × 104 cells∕well as previously described[15]. Different
concentrations of drugs were added to each well and
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cultured for 48 h, followed by incubation with 5 mg∕L
MTT for 4 h. The super natant was removed after
centrifugation. Finally, 100 μL of DMSO was added and
adsorbance at 570 nm wavelength (A570) was measured
by means of Enzyme-labeling instrument (EX-800 type).
Relative cell proliferation inhibition rate (IR) = (1 - average
A 570 of the experimental group/average A 570 of the
control group) × 100%.
Flow cytometry (FCM) with PI staining
As previously described[16], SGC-7901 cells were treated
with serum-free medium for 24 h, followed by treatment
with media containing different concentrations of drugs
for 48 h, respectively. Cells were collected and prepared as
a single cell suspension by mechanical blowing with PBS,
washed with cold PBS twice, fixed with 700 mL/L alcohol
at 4℃ for 24 h, stained with propidium iodide (PI) and
cell apoptosis was detected using FCM (American BD
Company, FACS420).
DNA agarose gel electrophoresis
As previously described [17], cells were cultured with 20
μmol/L NOChR and 20 μmol/L NOChR plus 10 μmol/L
GW9662, a PPAR-γ antagonist, for 0, 24, 48 and 72 h,
respectively. Cells were washed twice with PBS and DNA
was extracted with an Apoptotic DNA Ladder Detection
Kit according to the manufacturer’s instructions. The
extracted DNA was kept at 4℃ overnight. Then 8.5 μL
of DNA sample was mixed with 1.5 μL of 6 × Buffer
solution, electrophoresed on 20 g/L agarose gel containing
ethidium bromide at 40 V, and observed through DBT-08
gel image analysis system.
Western blot analysis
As previously described [18], cells were treated with 20
μmol/L NOChR for 0, 6, 12 and 24 h, respectively. Cells
were collected, washed three times with PBS, lysed in cell
lysate containing 0.1 mol/L NaCl, 0.01 mol/L Tris-Cl (pH
7.6), 0.001 mol/L EDTA (pH 8.0), 1 μg/mL Aprotinin,
100 μg/mL PMSF, and then centrifuged at 13 000 × g for
10 min at 4 ℃. The extracted protein sample (25 μg total
protein/lane) was added in the same volume of sample
buffer solution and subjected to denaturation at 100℃ for
10 min, then electrophoresed on 100 g/L or 60 g/L SDSPAGE at 100 mA for 3 h, and finally transferred onto
PVDF membrane. The PVDF membrane was treated
with TBST containing 50 g/L skimmed milk at room
temperature for 2 h, followed by incubation with the
first antibodies PPARγ, Bcl-2 and Bax (1:500 dilution),
respectively, at 37℃ for 2 h or at 4℃ overnight. After
being washed with TBST for 30 min, the corresponding
secondary antibody was added and incubated at room
temperature for 1 h. The membrane was then washed
three times for 15 min each with TBST. Fluorescence
was produced from solution A and B containing a
chemiluminescence-generating chemical. The results were
analyzed with Image analyzer and the product of area and
optical density was expressed as integral absorbance (IA).
Statistical analysis
Experimental data in each group were expressed as mean
www.wjgnet.com
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Figure 1 Inhibition of the proliferation of SGC-7901 cells by NOChR. aP < 0.05 vs
treatment with ChR.

Figure 3 DNA ladder assay showing NOChR-induced apoptosis of SGC-7901
cells. Lane 1: DNA marker; lane 2: Control; lane 3: 20 μmol/L NOChR (24 h); lane
4: 20 μmol/L NOChR (48 h); lane 5: 20 μmol/L NOChR (72 h); lane 6: 20 μmol/L
NOChR plus 10 μmol/L GW9662 (24 h); lane 7: 20 μmol/L NOChR plus 10 μmol/L
GW9662 (48 h); lane 8: 20 μmol/L NOChR plus 10 μmol/L GW9662 (72 h).
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Figure 2 Induction of the apoptosis of SGC-7901 cells by NOChR. aP < 0.05 vs
vehicle; bP < 0.01 vs vehicle.

± SD. Analysis of variance was performed with SPSS
software for windows 11.5 by using one way ANOVA and
pairwise comparison with Student’s t test. P < 0.05 was
considered statistically significantly.

RESULTS
Determination of the effect of NOChR on proliferation of
SGC-7901 cell lines by MTT assay
The MTT assay demonstrated that NOChR obviously
inhibited proliferation of SGC-7901 cells in a dosedependent manner (Figure 1); and when IC 50 was 4.14
μmol/L, the potency of NOChR was 10 times the potency
of lead compound, ChR (IC50 was 40.56 μmol/L), and was
similar to that of 5-FU ( IC50 was 4.51 μmol/L).
Analysis of the effect of NOChR on apoptosis of SGC-7901
cell lines by FCM with PI staining
FCM with PI staining showed that the apoptosis rates of
SGC-7901 cell line treated with 1.25, 5.00, 20.00 μmol/L
NOChR for 48 h were 9.8% ± 0.2%, 36.8% ± 1.9% and
45.5% ± 3.5%, respectively, and were significantly higher
www.wjgnet.com

Figure 4 Western blot analysis showing regulation of PPARγ (A), Bcl-2 (B) and
Bax (C) protein expressions in SGC-7901 cells by NOChR (mean ± SD, n = 3).

when treated with 5.00 and 20.00 μmol/L NOChR than
that with 20.00 μmol/L ChR (12.9% ± 1.5%) (Figure 2).
Detection of NOChR-induced apoptosis of SGC-7901 cells
by agarose gel electrophoresis
DNA gel electrophoresis showed that treatment of
SGC-7901 cells with 20.00 μmol/L NOChR for 48 and
72 h resulted in typical DNA ladder bands, which could
be eliminated or attenuated by treating with 20 μmol/L
NOChR plus 10.0 μmol/L GW9662 for 48 h and partly
eliminated by treating with 20 μ mol/L NOChR plus
GW9662 10.0 μmol/L for 72 h (Figure 3).
Analysis of the effect of NOChR on PPARγ and Bcl-2
protein expression of SGC-7901 cell lines
Western blot analysis showed that the relative densities of
PPARγ, Bcl-2 and Bax protein bands of SGC-7901 cells
treated with 20 μmol/L NOChR for 12 and 24 h were
154% and 165%, 62% and 49%, and 128% and 160% of
the SGC-7901 cells not treated with NOChR, respectively
(P < 0.05) (Figure 4). This indicates that NOChR can
increase the PPAR γ and Bax protein expression and
decrease Bcl-2 protein expression.
Effect of GW9662 on regulation of PPARγ, Bax and Bcl-2
protein expression by NOChR
Western blot analysis demonstrated that when SGC-7901
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Figure 5 PPARgamma antagonist GW9662 blocked the effects of NOChR on Bax
and Bcl-2 protein expression in SGC-7901 cells. A: Bax; B:Bcl-2. SGC-7901 cells
were pretreated with 10 μmol/L GW9662 for 30 min,then exposed to 5, 20 μmol/L
NOChR for 24 h respectively (Western blot, mean ± SD, n = 3).

cells were pre-incubated with 10 μ mol/L GW9662, a
blocker of PPARγ, for 30 min, the effects of NOChR
on up-regulation of Bax protein expression and downregulation of Bcl-2 protein expression were antagonized
or weakened (Figure 5), thereby suggesting that the effects
of NOChR on up-regulation of Bax protein expression
and down-regulation of Bcl-2 protein expression were
associated with the activation of PPARγ.

DISCUSSION
Tumorigenesis and tumor progression are strongly
associated with abnormal apoptosis. A number of antitumor drugs exert their therapeutic effects by inducing or
promoting apoptosis. Based on the previous reports[12,14],
our experiment was to investigate the apoptosis of human
gastric carcinoma SGC-7901 cell line induced by NOChR
and to provide theoretical and experimental evidences for
its application as an anti-tumor drug.
Apoptosis usually possesses the typical morphological
and biochemical characteristics, including condensed
chromatin in cells, appearance of apoptotic bodies,
presence of hypodiploid peak in FCM analysis and DNA
ladder bands on agarose electrophoresis[19,20]. In this study,
treatment of SGC-7901 cells with NOChR resulted in
formation of DNA ladder bands and appearance of
marked hypodiploid peak. Thus, this experiment suggested
that NOChR can induce apoptosis of human gastric
carcinoma SGC-7901 cell lines in vitro.
Apoptosis is a complex process involving several genes,
such as Bcl-2, Bax, and a great attention has been given to
Bcl-2 family. Bcl-2 family members have double functions:
Bcl-2 and Bcl-Xl can inhibit apoptosis and promote cell
survival, but Bax, Bak, Bad and Bcl-Xs can promote
apoptosis. Bax inhibits the activity of Bcl-2 or Bcl-Xl to
promote apoptosis either by forming a homodimer (with
itself) or a heterodimer with either Bcl-2 or Bcl-XI [21].
The ratio of Bcl-Xl or Bcl-2 to Bax determines whether
the cells undergo apoptosis or not. Possible mechanisms
of action of members in Bcl-2 family are as follows:
(1) Bax can destroy mitochondrial membrane to release
cytochrome c, thereby activates cyt c/Apaf-1/caspase-9
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signaling pathway to cause apoptosis [22] , while the
mechanism of Bcl-2 is quite opposite[23]; (2) anti-apoptotic
protein, such as Bcl-2 and Bcl-Xl, can prevent Bax or Bak
from conformational change, oligomerization or inserting
in mitochondrial outer membrane to inhibit apoptosis[24,25];
(3) high level of Bcl-2 can inhibit transactivating effect of
p53 on its target genes (such as p21/WAF1, Bax), thereby
exerts its potential inhibitory effect on p53 to regulate
apoptosis[26]. The results in this study confirmed that Bcl-2
expression in non-treated SGC-7901 cells was higher
than those that treated with 20 μmol/L NOChR for 48 h;
in contrast, Bax expression was lower. Thus, the ratio of
Bcl-2 to Bax in SGC-7901 cells treated with NOChR was
lower than that of non-treated SGC-7901 cells, which
indicated that NOChR-induced SGC-7901 cells apoptosis
was associated with down-regulation of Bcl-2 expression,
up-regulation of Bax expression and reduction of the ratio
of Bcl-2 to Bax.
PPARγ is a kind of ligand-activated nuclear transcription factor belonging to a member of nuclear receptor
superfamily. PPARγ ligands include natural ligands such
as 15d-PGJ2 and linoleic acid, and synthetic ligands such
as antidiabetic medicine thiazolidinediones, including
troglitazone, rosiglitazone and pioglitazone and nonsteroidal anti-inflammatory drugs (indomethacin, sulindac
and ibuprofen)[27,28]. Chen et al[29] confirmed that PPARγ
ligands may markedly inhibit NF-KB expression and
reduce Bcl-2 expression to inhibit cell growth and induce
apoptosis of colonic cancer HT-29 cell line by activation
of PPARγ. Chen et al[26] reported that PPARγ ligands can
inhibit cell growth and induce apoptosis of human gastric
cancer cell line. It has been reported that chrysin-induced
apoptosis is mediated via caspase activation and p-Akt
inactivation in U937 leukemia cell and cervical carcinoma
Hela cell[10,30]. Liang et al[7] have recently shown that ChR is
activated by different ways with thiazolidones, and PPARγ
inhibits activation of cyclooxygenase-2 (COX-2) and
inducible nitric oxide synthase. In order to prove whether
NOChR decreases Bcl-2 protein expression to induce
apoptosis of SGC-7901 cells by activation of PPARγ, we
pre-incubated SGC-7901 cell with GW9662, a selective
antagonist of PPARγ, and observed the effect of NOChR
on apoptosis and PPARγ and Bcl-2 protein expression
of SGC-7901 cell lines. Our results showed that preincubation of GW9662 could effectively antagonize
NOChR-induced apoptosis of SGC-7901 cell lines and
down-regulation of Bcl-2 protein expression, thereby
suggested that apoptosis of SGC-7901 cells induced by
NOChR is dependent on activation of PPARγ.
In summary, NOChR possesses stronger anti-gastric
cancer effect in vitro than lead compound ChR, and it
exerts its apoptotic effect by activation of PPARγ, downregulation of Bcl-2 protein expression, up-regulation of
Bax protein expression, and reduction of the ratio of
Bcl-2 to Bax. NOChR might be a promising candidate for
treatment of gastric cancer.
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A c ombine d e xaminat ion w i t h four inde p e n d e n t
immunohistochemical markers (microvessel density,
cathepsin D, lymphatic vessel density, and MUC1)
revealed that all lesions that were negative for all
markers or positive for only one marker were negative
for lymph node metastasis.

Abstract

Kaneko I, Tanaka S, Oka S, Yoshida S, Hiyama T, Arihiro K,
Shimamoto F, Chayama K. Immunohistochemical ����������
m���������
olecular
m��������������������������������������������������������������
arkers as ����������������������������������������������������
p���������������������������������������������������
redictors of ��������������������������������������
c�������������������������������������
urability of ������������������������
e�����������������������
ndoscopically r��������
���������
esected
s�����������������������������
ubmucosal c������������������
�������������������
olorectal ��������
c�������
ancer��. World J Gastroenterol 2007;
13(28): 3829-3835

AIM: To clarify the usefulness������������������������
of���������������������
immunohistochemical
molecular markers in predicting lymph node metastasis
of submucosal colorectal cancer.
METHODS: We examined microvessel density, lymphatic
vessel density, the Ki-67 labeling index, expression of
MUC1 and Matrix metalloproteinase-7 (MMP-7) in tumor
cells, and expression of cathepsin D in stromal cells at
the invasive front by immunostaining of samples resected
from 214 patients with submucosal colorectal cancer.
Pathologic features were assessed on hematoxylin-eosinstained samples. We evaluated the relations between
clinicopathologic/immunohistochemical features and
lymph node metastasis.
RESULTS: Lesions of the superficial type, with an
unfavorable histologic grade, budding, lymphatic
involvement, high microvessel density (≥ 40), high
lymphatic vessel density (≥ 9), high Ki-67 labeling
index (≥ 42), and positivity of MUC1, cathepsin D, and
MMP-7 showed a significantly high incidence of lymph
node metastasis. Multivariate analysis revealed that
high microvessel density, unfavorable histologic grade,
cathepsin D positivity, high lymphatic vessel density,
superficial type, budding, and MUC1 positivity were
independent risk factors for lymph node metastasis.

CONCLUSION: Analysis of a combination of immunohistochemical molecular markers in endoscopically
resected specimens of submucosal colorectal cancer
allows prediction of curability regardless of the pathologic
features visible of hematoxylin-eosin-stained sections.
© 2007 WJG . All rights reserved.

Key words: Submucosal colorectal cancer; Microvessel
density; Lymphatic vessel density; Mucin 1; Ki-67;
Cathepsin D; Matrix metalloproteinase-7; Lymph node
metastasis; Immunohistochemistry
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INTRODUCTION
Endoscopic mucosal resection (EMR) has become a major
curative treatment for early colorectal cancer (CRC) without
lymph node (LN) metastasis[1,2]. As previously reported,
the depth of submucosal invasion, histologic grade at
the deepest invasive portion, and vascular involvement
are significant predictive markers for LN metastasis of
submucosal CRC[3-7]. According to the Japanese guidelines
for treatment of CRC, curative endoscopic resection of
submucosal CRC must satisfy all of the following criteria:
(1) achievement of complete resection, (2) diagnosis of
the carcinoma as well- or moderately differentiated, (3)
a depth of invasion of less than 1000 μ m, and (4) no
evidence of vessel involvement[4,7]. If, after endoscopic
treatment, the specimens do not meet these criteria,
additional surgery is recommended. However, it has been
reported that submucosal CRC shows LN metastasis
www.wjgnet.com
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with probability of 3.6% to 16.2% [3,4,8-11], and even if
additional surgical treatment is performed, LN metastasis
is not found in many patients. Therefore a marker that
predicts LN metastasis����������������������������������
more ����������������������������
effectively than evaluation
with hematoxylin-eosin (HE)-staining of endoscopically
resected specimens is need���
�������
ed.
The proliferation, infiltration, and metastasis of
cancer involve several steps, each of which is associated
with many molecular factors. It was reported that
microvessel density (MVD), expression of Ki-67, MUC1
and matrix metalloproteinase-7 (MMP-7) in tumor
cells and cathepsin D expression in stromal cells at the
invasive front correlated significantly with LN metastasis
from submucosal CRC[12-15]. Recently, a novel marker for
lymphatic vessels, an antibody recognizing podoplanin that
selectively stains lymphatic vessels, has become available[16].
It has been reported that lymphatic vessel density (LVD)
is significantly related to LN metastasis of some malignancies [17-22] , and we have also reported that LVD
correlates significantly with LN metastasis of submucosal
CRC[23].
It has been clarified that CRC cells at the site of deepest
invasion have higher malignant and metastatic potentials
12����������
-14,24-29]
than do cells in other parts of the tumor [3,4,������������
;
therefore, for predicting LN metastasis of submucosal
CRC������������������������������������������������������
,�����������������������������������������������������
various kinds of markers should be evaluated at the
site of deepest penetration.
In this study, our pur pose was to evaluate the
significance of several immunohistochemical markers for
prediction of LN metastasis and��������������������������
to
�������������������������
examine
����������������������
whether
��������������
these
markers are clinically applicable.

MATERIALS AND METHODS
Tissue samples
We studied 214 submucosal CRCs that were resected
surgically or endoscopically from 214 patients at Hiroshima
University Hospital or an affiliated hospital during the
period January 1992 through December 2004. All patients
gave informed consent to this study. No patients had a
history of inflammatory bowel disease. ��������������������
No������������������
lesion satisfied
the criteria for curative endoscopic resection according to
the Japanese guidelines for the treatment of submucosal
CRC [4,7]. Additional surgical treatment was performed for
patients who had undergone endoscopic resection, and
the presence of LN metastasis was evaluated. The entire
tumor was cut into parallel 2 to 3-mm-thick sections, and
the portion of deepest submucosal invasion was selected
for microscopic examination. All regional LNs at the paracolorectal artery and along the main artery supplying the
primary tumor were resected and cut into two or three
sections.
Tumor size, location, macroscopic type, depth of
submucosal invasion, histologic grade, vessel involvement,
budding, number of LNs examined per patient and LN
metastasis were determined on the basis of histologic
reports according to the World Health Organization
classification system[30]. Lymphatic vessel involvement in
all specimens was assessed on podoplanin-immunostained
specimens. M�������������������������������������������
��������������������������������������������
acroscopic���������������������������������
type����������������������������
was described as protruded
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or superficial[12]. The depth of submucosal invasion was
measured as reported previously[4] and classified as less
or greater than 1000 μm[7]. Histologic grade was assessed
at the deepest portion of the tumor according to the
most unfavorable histologic features and was classified as
favorable or unfavorable as previously reported [5]. Budding
was defined as an isolated single cancer cell or a cluster
composed of fewer than five cancer cells as previously
reported [5]. After selection of one field (× 200) where
budding was most prevalent, a bud count was performed.
A field with five or more buds was regarded as positive.
The number of LNs examined per patient was classified as
less or greater than 15. The cut off level was defined based
on minimum number of LNs to analyze recommended in
clinical practice guidelines for colorectal cancers[31].
Immunohistochemistry
Consecutive 4- μ m-thick sections were cut from each
p a r a f f i n - e m b e d d e d s a m p l e a n d i m mu n o l a b e l e d .
Immunohistochemical labeling was done with the
immunoperoxidase method following antigen retrieval
with 0.1% trypsin (37℃, 30 min). The primary antibodies
were anti-CD34 monoclonal antibody (Nichirei,
Tokyo, Japan)[12], a mouse monoclonal antibody against
podoplanin (AngioBio, Del Mar, CA) [18] , anti-Ki-67
monoclonal antibody MIB-1 (Immunotech SA, Marseille,
France)[13], anti-MUC1 monoclonal antibody (KL-6) [13],
anti-cathepsin D monoclonal antibody (NCL-CDm,
Novocastra Laboratories, Newcastle, UK)[14], and antihuman MMP-7 monoclonal antibody (141-7B2, Daiichi
Fine Chemicals, Toyama, Japan)[15]. Immunohistochemistry
was carried out with an LSAB kit (DAKO, Glostrup,
Denmark) as reported previously [18].
Interpretation of immunostaining
Microvessels and lymphatic vessels were identified as
CD34- and podoplanin-positive capillaries, respectively
(Figure 1A and B). Vessel density was assessed on
immunolabeled specimens by light microscopy in areas of
tumor containing the greatest numbers of capillaries and
small venules (so-called hot spots) at the site of deepest
submucosal penetration as described previously[32]. After
three hot spots were identified at low magnification, a
vessel count was performed at × 400 for MVD and ���
at�
× 200 for LVD. The mean count of the three fields was
calculated. Carcinoma cells were considered positive
for Ki-67 when unequivocal diffuse or dot-like brown
nuclear staining with MIB-1 was visible (Figure 1C). The
Ki-67 LI was defined as the mean percentage of Ki-67positive tumor cells per 1000 cancer cells counted in three
randomly chosen microscopic fields at the site of deepest
invasion. MVD, LVD, and Ki-67LI were classified as high
or low with the cut off level defined based on the mean of
results, respectively. Expression of MUC1 was considered
positive if distinct staining of the luminal surfaces or
cytoplasm was seen in at least 10% of the tumor cells
(Figure 1D). Cathepsin D expression in stromal cells was
examined at the border of the invasive front and was
defined as the mean percentage of stromal cells showing
cathepsin D-positive staining per 1000 stromal cells
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Figure 1 Immunohistochemical stainings of CD34 (A), podoplanin (B), Ki-67 (C), MUC1 (D), cathepsin D (E) and MMP-7 (F) (A, B: x 200; C-F: x 400).

counted in three randomly chosen microscopic fields
(Figure 1E). Cathepsin D expression in stromal cells was
considered positive when at least 15% of stromal cells
were stained. MMP-7 expression was considered positive
when cytoplasmic staining was visible in at least 10% of
tumor cells at the invasive front (Figure 1F).
Two investigators blinded to patient status examined
all samples. In cases of disagreement, the slides were
reviewed, and consensus was reached.
Analysis of clinicopathologic features and
immunohistochemical markers
Data were evaluated by Chi-square or Fisher’s exact test.
To clarify the relative importance of each risk factor
for LN metastasis, multivariate analysis with logistic
regression using stepwise method in selecting variables
was performed. Furthermore, we analyzed a combination
of the significant immunohistochemical markers by
multivariate analysis to identify cases without LN
metastasis. All statistical analyses were performed with
JMP software (SAS Institute, Cary, NC). P values of less
than 0.05 were considered significant.

RESULTS
Incidence of LN metastasis in relation to clinicopathologic
features
LN metastasis was detected in 28 (13.1%) of 214
patients. The incidence of LN metastasis in relation
to clinicopathologic features is shown in Table 1������
�������
. The
incidence of LN metastasis was significantly high in cases
with superficial type lesions (P = 0.0311), unfavorable
histologic grade (P = 0.0026), budding (P < 0.0001), and
lymphatic vessel involvement (P = 0.0012). Tumor size,
location, depth of invasion, venous vessel involvement and
number of LNs examined were not associated with LN
metastasis.

Table 1 LN Metastasis in relation to clinicopathologic features
of submucosal CRC
Clinicopathologic features
Size (mm)		
		
Location		
		
Macroscopic type

≤ 20

n

159
> 20
55
Rectum
61
Colon
153
Protruded type 145
Superficial type    69
Depth of invasion (µm) < 1000
25
≥ 1000
		
189
Histologic grade
Favorable
198
		
Unfavorable
16
Budding		
Negative
175
		
Positive
39
Lymphatic		
Negative
148
involvement1
Positive
66
Venous involvement Negative
166
		
Positive
48
≤ 15
Number of LNs
128
examined		
> 15
86
Total			
214

LN positive (%) P value
20 (12.6)
8 (14.6)
8 (13.1)
20 (13.1)
14 (9.7)
          14 (20.3)
1 (4.0)
27 (14.3)
22 (11.1)
6 (37.5)
13 (7.4)
15 (38.5)
12 (8.1)
16 (24.2)
20 (12.1)
8 (16.7)
16 (12.5)
12 (14.0)
28 (13.1)

NS
NS
0.0311
NS
0.0026
< 0.0001
0.0012
NS
NS

1

Identified by podoplanin immunostaining. NS: not significant. LN: lymph
node; CRC: colorectal cancer.

Incidence of LN metastasis in relation to
immunohistochemical molecular markers
The incidence of LN metastasis in relation to immunohistochemical molecular markers is shown in Table 2.
MVD ranged from 12 to 102 per field, with a mean of
39.4 ± 19.2. We split patients into two groups, a high
MVD (≥ 40) group and a low MVD (< 40) group. LVD
ranged from 2 to 26 per field, with a mean of 9.06 ± 4.79.
Patients were assigned to a high LVD (≥ 9) group or a
low LVD (< 9) group. The Ki-67 LI ranged form 12.4
to 88.7, with a mean of 41.8 ± 15.8. The Ki-67 LI was
classified as high (≥ 42) or low (< 42). The incidence of
www.wjgnet.com
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Table 2 LN metastasis in relation to immunohistochemical
molecular markers in submucosal CRC
Immunohistochemical markers
MVD

Low
High
LVD
Low
High
Ki-67 LI
Low
High
MUC1
Negative
Positive
Cathepsin D
Negative
Positive
MMP-7
Negative
Positive
Total			
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Table 4 Incidence of LN metastasis of submucosal CRC in
relation to MUC1 and cathepsin D expression

n

LN positive(%)

P value

Cathepsin D expression

88
126
109
105
90
124
108
106
85
129
103
111
214

2 (2.3)
26 (20.6)
5 (3.8)
23 (18.9)
7 (7.8)
21 (16.9)
5 (4.6)
23 (21.7)
3 (3.5)
25 (19.4)
8 (7.8)
20 (18.0)
28 (13.1)

< 0.0001

			

Negative		

Positive

0.0002

Negative			
Positive			

0/49 (0)		
5/59 (8.5)		

3/36 (8.3)
20/70 (28.6)b

0.0499
0.0002

MUC1 expression

LN: lymph node metastasis; CRC: Colorectal cancer. MUC1: mucin 1. bP <
0.0001 vs cathepsin D negative and MUC1 negative group.

0.0008

Table 5 Incidence of LN metastasis of submucosal CRC in
relation to MUC1 expression and MVD

0.0263

MVD			

LN: lymph node metastasis; CRC: Colorectal cancer; MVD: microvessel
density; LVD: lymphatic vessel density; MUC1: mucin 1; LI: labeling index;
MMP-7: matrix metalloproteinase-7.

MUC1 expression

		

Negative		

Low		
High		

0/51 (0)		
5/57 (8.8)		

Positive
2/37 (5.4)
21/69 (30.4)b

LN: lymph node metastasis; CRC: colorectal cancer. MVD: microvessel
density; MUC1: mucin 1. bP < 0.0001 vs MVD low and MUC1 negative group.

Table 3 Multivariate analysis of risk factors for LN metastasis
of submucosal CRC
Risk factors			

P value

MVD-High			
0.0008		
Histologic grade-Unfavorable
0.0116		
Cathepsin D-Positive		
0.0071		
LVD-High			
0.0027		
Macroscopic type-Superficial
         0.0029
Budding-Positive		
0.0160		
MUC1-Positive		
0.0266		
Lymphatic involvement-Positive
NS		
Ki-67 LI-High		
NS		
MMP-7-Positive		
NS		

Table 6 Incidence of LN metastasis of submucosal CRC in
relation to cathepsin D expression and MVD

Odds ratio
16.67
11.73
8.41
7.65
       7.27
4.36
3.96
-

MVD			

www.wjgnet.com

Low			
High			

0/33 (0)		
3/52 (5.8)		

Positive
2/55 (3.6)
23/74 (31.1)b

Table 7 Incidence of LN metastasis of submucosal CRC in
relation to number of positive immunohistochemical markers
1

LN metastasis was significantly high in cases with high
MVD (P < 0.0001), high LVD (P = 0.0002), high Ki-67 LI
(P = 0.0499), MUC1 positivity (P = 0.0012), cathepsin D
positivity (P = 0.0008), or MMP-7 positivity (P = 0.0263).

Identification of lesions without LN metastasis
by combining immunohistochemical molecular
markers
We examined the value of combining four independent
immunohistochemically-deter mined molecular
markers (MVD, cathepsin D, LVD and MUC1) for
prediction of LN metastasis. Pairing of the following
immunohistochemical markers allowed recognition of
cases without LN metastasis: cathepsin D negativity
and MUC1 negativity (Table 4), low MVD and MUC1

Negative		

LN: lymph node metastasis; CRC: colorectal cancer. MVD: microvessel
density. bP < 0.0001 vs MVD low and Cathepsin D negative group.

LN: lymph node metastasis; CRC: colorectal cancer: NS: not significant.
MVD: microvessel density; LVD: Lymphatic vessel density; MUC1: mucin 1;
LI: labeling index; MMP-7: matrix metalloproteinase-7.

Multivariate logistic regression analysis of
factors related to LN metastasis
Factors predictive of LN metastasis are shown with odds
ratios in Table 3. Multivariate analysis showed high MVD,
unfavorable histologic grade, cathepsin D positivity, high
LVD, superficial type, budding, and MUC1 positivity�������
to
������
be
independent risk factors for LN metastasis.

Cathepsin D expression

			

No. of positive markers

n

0			
1			
2			
3			
4			
Total		

13		
44		
76		
54		
27		
214		

Cases with LN metastasis (%)
0 (0)
0 (0)
4 (5.3)
7 (13.0)
17 (63.0)
28 (13.1)

1

Microvessel density, cathepsin D, MUC1 and lymphatic vessel density. LN:
lymph node metastasis; CRC: colorectal cancer.

neg ativity (Table 5), and low MVD and cathepsin
D negativity (Table 6). No other combinations were
predictive for absence of LN metastasis (data not shown).
The incidence of LN metastasis is shown in relation to
the number of positive immunohistochemical markers in
Table 7.���������������������������������������������������
All
��������������������������������������������������
lesions that were negative for all markers or
positive for only one marker were without LN metastasis.
As the number of positive immunohistochemical markers
increased, the incidence of LN metastasis increased.

DISCUSSION
MVD is a measure of angiogenesis and has strong
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prognostic value in patients with CRC[33-35]. We reported
previously that angiogenesis plays an important role in
metastasis and that MVD correlates significantly with LN
metastasis of submucosal CRC[12]. It has also been reported
that lymphangiogenesis is an important factor in the
metastasis of various cancers and that LVD is significantly
related to LN metastasis of some malignancies[17-22]. We
have also reported that LVD is significantly related to LN
metastasis of submucosal CRC[23]. Ki-67 is a proliferation
antigen and is reported to have prognostic significance
in various types of cancers [36-39]. MUC1 is reported to
inhibit cell-cell adhesion among epithelial cells[40,41], and its
expression correlates significantly with malignant potential
of advanced CRC [26,42] . It was reported that Ki-67 LI
and MUC1 expression correlated significantly with LN
metastasis of submucosal CRC[13]. Cathepsin D, a member
of the aspartic protease family, is an acid lysosomal
enzyme that correlates directly with the prognosis of
patients with cancer of various organs [43-46]. Cathepsin
D expression in both cancer cells and stromal cells was
reported to correlate significantly with LN metastasis of
submucosal CRC[14]. In that study, multivariate analysis
revealed that cathepsin D expression in stromal cells
was an independent risk factor for LN metastasis but
that expression in cancer cells was not [14]. MMP-7 has
proteolytic activity against a wide spectrum of extracellular
matrix components and plays an important role in
carcinoma invasion and metastasis through degradation of
the extracellular matrix[15,47,48]. Previous studies have shown
that MMP-7 expression correlates significantly with LN
metastasis and distant metastasis of submucosal CRC[15,49].
Our present study also indicated that MMP-7 expression
correlates with LN metastasis of submucosal CRC.
Although there have been reports regarding the
relation between molecular markers and LN metastasis
of submucosal CRC, it is still not clear which marker
is most useful. Moreover,���������������������������
������������������������������������
molecular markers in this
study are useful for predicting�����������������������
the possibility of����
������
LN�
metastasis, but we must be able to accurately predict the
presence of LN metastasis in individual patients. Our
present study revealed the importance of four molecular
markers and showed that immunohistochemical analysis
of these markers in combination allows identification
of patients without LN metastasis regardless of other
clinicopathologic risk factors.
Endoscopic treatment is indicated for scanty invasive
submucosal CRC because of the very low incidence of
LN metastasis[3-7,10]. According to the Japanese guidelines
for treatment of submucosal CRC [4,7], for a lesion that
does not satisfy the criteria for curative EMR, we have
to consider additional surgical treatment. In the present
study, we excluded cases that satisfied the criteria of the
Japanese guidelines for treatment of CRC for curative
endoscopic treatment and tried to identify cases without
LN metastasis. The incidence of LN metastasis was only
13.1% in the present study. To reduce the frequency
of unnecessary additional surgeries after endoscopic
treatment, predictors of LN metastasis regardless of
pathologic features of HE-stained sections are needed.
The immunohistochemical staining method used in the
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present study may be applicable in clinical practice because
it is convenient and very stable. To apply this methodology
to endoscopically resected submucosal CRCs, complete
resection, including the submucosa around the deepest
invasive portion, is required because evaluation at the site
of deepest penetration is needed. By providing a total
biopsy specimen, EMR can serve as an important method
for diagnosis.
In conclusion, immunohistochemical analysis of
molecular markers individually and in combination at the
site of deepest penetration of submucosal CRC can allows
prediction of the existence of LN metastasis regardless
of the pathologic risk factors identified with HE staining.
Our results may broaden the indication for curative
endoscopic treatment of submucosal CRC and may reduce
the number of unnecessary additional surgeries performed
after endoscopic treatment.
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Abstract
AIM: To investigate the therapeutic effects of triple
therapy combining lafutidine with clarithromycin and
amoxicillin on H pylori infection and the resolution of
gastroesophageal symptoms after eradication.
METHODS: We conducted a randomized, multicenter,
open-label controlled trial to compare the effective�
ness of a triple therapy of lafutidine, clarithromycin, and
amoxicillin (lafutidine group) with that of a triple therapy
of lansoprazole, clarithromycin, and amoxicillin (lansopra�
zole group) in patients with H pylori infection. The study
group comprised 22 patients with gastric ulcers and 18
patients with duodenal ulcers who had H pylori infection.
RESULTS: H pylori eradication rates were similar in
the lafutidine group (14/20, 70%) and the lansoprazole
group (14/20, 70%). Gastroesophageal reflux and ab�
dominal symptoms improved after eradication therapy in
both groups, whereas abdominal discomfort, diarrhea,
and constipation were unchanged. H pylori status had
no apparent effect on improvement of gastroesophageal
reflux or abdominal symptoms after treatment. Adverse
events were similar in both groups.
CONCLUSION: The triple therapy including lafutidine
is equivalent to triple therapy including lansoprazole in
terms of H pylori eradication rates and improvement
in gastroesophageal reflux and abdominal symptoms.
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INTRODUCTION
Many patients with peptic ulcers present with symptoms
of epigastric and abdominal pain. Alleviation of these
symptoms is an important goal of treatment for peptic
ulcers. H pylori plays a critical role in the pathogenesis
of peptic ulceration. Eradication of H pylori infection
facilitates ulcer healing and prevents recurrence[1-3]. In
Japan, triple therapy combining a proton-pump inhibitor
(PPI) with clarithromycin and amoxicillin was approved by
the National Health Insurance system in November 2000
and is now widely prescribed clinically. Eradication rates
with this regimen range from 80% to 90%[4]. However,
decreasing eradication rates due to clarithromycin-resistant
strains have recently become a problem.
Lafutidine is an H 2-receptor antagonist that continuously suppresses acid secretion even during the
daytime, unlike famotidine and cimetidine[5]. After oral
administration, lafutidine produces a more rapid rise in
intragastric pH than rabeprazole 20 mg in fasting and
postprandial H pylori negative male patients, resulting in
the early resolution of symptoms[6-9]. Triple therapy with
lafutidine, clarithromycin, and amoxicillin yields an 80%
eradication rate[10].
We conducted a randomized, multicenter, open-label
controlled trial to compare the effectiveness of a triple
therapy of lafutidine, clarithromycin, and amoxicillin with
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that of a triple therapy of lansoprazole, clarithromycin,
and amoxicillin, which is widely prescribed in Japan. Our
primary goals were to examine the therapeutic effects of
triple therapy including lafutidine on the resolution of
symptoms after H pylori eradication therapy.

MATERIALS AND METHODS
Patients
Eligible patients had a diagnosis of active gastric ulcer or
duodenal ulcer (mucosal defect of more than 5 mm in size)
confirmed by endoscopic examination and were diagnosed
from February 2001 through June 2004. Patients who
had a history of eradication therapy or who had received
antimicrobial agents, anticoagulant drugs, or PPIs within
4 wk before the trial treatment were excluded to eliminate
the potential effects of these drugs on H pylori infection. A
total of 46 patients, who were confirmed to be positive for
H pylori infection at trial entry, were enrolled. Data from 6
patients could not be evaluated because of gastric cancer
or a request to be withdrawn from the trial. The remaining
40 patients were included in per-protocol analyses. The
trial was performed according to the principles of the
Declaration of Helsinki. All patients gave informed
consent before trial entry.
Diagnosis of H pylori infection
At trial entry, H pylori status was assessed on the basis
of the results of the rapid urease test (Pyloritec, Sankyo
Co. Ltd., Tokyo, Japan) or culture of mucosal-biopsy
specimens obtained during endoscopy from both
the antrum (within 2 cm of the pyloric ring) and the
corpus (along the g reater cur vature). At diagnosis
after eradication, patients were classified as H pylorinegative if the results of the urea breath test and culture
were both negative. The cut-off value for the urea
breath test was set at 2.5‰; patients were considered
H pylori-negative if the value was less than 2.5‰ and
H pylori-positive if the value was 2.5‰ or higher.
Clinical trial
This randomized, multicenter, open-label controlled trial
compared the safety and effectiveness of a combination
of lafutidine, clarithromycin, and amoxicillin (lafutidine
group) with that of a combination of lansoprazole,
clarithromycin, and amoxicillin (lansoprazole group). A
primary objective was to compare H pylori eradication rates
and the resolution of symptoms.
In the lafutidine group, lafutidine (20 mg), amoxicillin
(750 mg), and clarithromycin (200 mg) were given orally
twice daily (after breakfast and dinner) for 1 wk. In the
lansoprazole group, lansoprazole (30 mg), amoxicillin (750
mg), and clarithromycin (200 mg) were given orally twice
daily (after breakfast and dinner) for 1 wk. Eradication of
H pylori was evaluated 5 wk after the completion of the
1-wk course of eradication therapy. During these 5 wk of
observation, patients received no medication or were given
maintenance therapy with lafutidine (10 mg, twice daily).
To assess symptoms before and after eradication therapy,
each patient completed a written questionnaire based
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Table 1 Demographic characteristics of the patients

No. of patients
Sex (male:female)
Mean age (range)
Site of ulcer
(gastric ulcer:duodenal ulcer)

Lafutidine Lansoprazole
group
group

P

20
20
13:7
14:6
51.1 (22-66) 50.6 (20-79)

NS
NS

12:8

10:10

NS

History of ulcer

Initial onset
Recurrence
Unknown

3
15
2

5
14
1

NS

Pretreatment within
1 wk before treatment

None
Done
Unknown
None
Done

15
3
2
14
6

13
6
1
14
6

NS

CYP2C19
(homoEM : heteroEM:PM:Unknown)

6:9:1:4

5:8:6:1

P < 0.05

Sensitive or resistant to clarithromycin
Sensitive (MIC < 1) resistant:(MIC
≥ 1):Unknown

16:1:3

15:1:4

NS

Pretreatment with an
H2-receptor antagonist

NS

HomoEM: homozygous-extensive metabolizer; heteroEM: hetreozygousextensive metabolizer; PM: poor metabolizer; MIC: minimal inhibitory
concentration.

on the Gastrointestinal Symptom Rating Scale-Japanese
Version (GSRS-JV). Symptom scores after treatment
were compared with the baseline scores to evaluate
improvement in symptoms.

RESULTS
Of the 40 patients included in per-protocol analyses,
22 had gastric ulcers and 18 had duodenal ulcers. The
demographic characteristics of the patients did not
differ significantly between the lafutidine group and the
lansoprazole group, except for the distribution of genetic
polymorphisms of CYP2C19. Table 1 shows the detailed
clinical characteristics of the patients.
An intention-to-treat analysis of all 46 patients, in
whom the response to eradication therapy could be evaluated, showed that H pylori was eradicated in 66.7% (16/24)
of the lafutidine group and 72.7% (16/22) of the lansoprazole group. These rates are considered to be similar.
Among the 40 patients who were treated according to the
protocol (per-protocol analysis), H pylori was eradicated in
70.0% (14/20) of the lafutidine group and 70.0% (14/20)
of the lansoprazole group, again showing no difference
between the groups (����������������������������������
T���������������������������������
able 2). When treatment response
was analyzed according to CYP2C19 polymorphism type,
eradication rates were found to be slightly higher among
homozygous-extensive metabolizers in the lafutidine group
and poor metabolizers in the lansoprazole group. However, eradication rates did not differ significantly according
to the type of CYP2C19 polymorphism in either the lafutidine or lansoprazole group (���������
T��������
able����
3).
���
As for upper gastrointestinal symptoms at the time of
eradication therapy, the GSRS scores for gastroesophageal
reflux and abdominal symptoms improved after eradication therapy in both groups������������������������������
(Figure
�����������������������������
1). In contrast, the
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Table 2 Eradication rate of H pylori

Intention-to-treat analysis
No. of patients
Eradication rate
Per-protocol analysis
No. of patients
Eradication rate

24
16/24 (66.7%)
20
14/20 (70.0%)

22
16/22 (72.7%)
20
14/20 (70.0%)

P
NS

GSRS score

4.0

Lafutidine group Lansoprazole group

July 28, 2007

Gastroesophageal reflex
GSRS score

3.0
2.0

P < 0.01

P < 0.01

1.0
0.0

NS

Volume 13

GSRS score
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Paired T test
Pre

1W

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Lansoprazole group (n = 16)
Lafutidine group (n = 15)

  Number 28

Abdominal pain GSRS
score

P < 0.01
P < 0.01

Paired T test
Pre

1W

Lansoprazole group (n = 16)
Lafutidine group (n = 15)

Figure 1 Change in symptoms after 1 wk of eradication therapy (comparison of
drugs).

Lansoprazole group

P

5/6 (83%)
6/9 (67%)
1/1 (100%)

3/5 (60%)
6/8 (75%)
5/6 (83%)

NS
NS
NS

Homo EM
Hetero EM
PM

HomoEM: homozygous-extensive metabolizer; HeteroEM: hetreozygousextensive metabolizer; PM: poor metabolizer.

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Gastroesophageal reflex
GSRS score
NS (P = 0.06)

P < 0.01
Paired T test
Pre

1W

Eradication success group (n = 21)
Eradication failure group (n = 10)

Lafutidine group Lansoprazole group
Not present
Present

Incidence of adverse events
Adverse
events

Stomatitis
Diarrhea
Constipation
Throat pain
Drug rash
Taste disorder

17
3

17
3

15.0% (3/20)

15.0% (3/20)

1
1

P < 0.05
P < 0.01
Paired T test
Pre

1W

Eradication success group (n = 21)
Eradication failure group (n = 10)

3
1

P
NS

NS

1
1
1

scores for abdominal discomfort, diarrhea, and constipation were unchanged. The persistence or eradication of
H pylori had no apparent effect on the changes in the
GSRS scores for gastroesophageal reflux or abdominal
symptoms after eradication therapy (Figure 2).
Adverse events occurred in 3 of the 20 patients in the
lafutidine group and 3 of the 20 patients in the lansoprazole group. In the lafutidine group, diarrhea, constipation,
and drug rash occurred in 1 patient in each group. In the
lansoprazole group, stomatitis occurred in 3 patients, and
diarrhea, throat pain, and taste disorder occurred in 1 patient in each group. There were no differences in the incidence of adverse events between the groups (Table 4).

DISCUSSION
Triple-drug therapy combining 2 antimicrobial agents with
an antisecretory agent is currently prescribed throughout
the world to eradicate H pylori [11,12]. The rationale for
combination therapy is that PPIs and H 2 -receptor
antagonists increase intragastric pH by suppressing acid
secretion, thereby enhancing the antibacterial activity of
antimicrobial agents and increasing the rate of H pylori
eradication[13]. PPIs are generally prescribed as antisecretory
www.wjgnet.com

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Abdominal pain GSRS
score

Figure 2 Change in symptoms after 1 wk of eradication therapy (success or
failure of eradication).

Table 4 Incidence of adverse events

Adverse
events

GSRS score

Lafutidine group

GSRS score

Table 3 Eradication rate according to type of CYP2C19
polymorphism

agents in triple therapy and produce eradication rates
of 80% or higher[4]. Several studies have reported good
results with regimens including H2-receptor antagonists
instead of PPIs, but controlled studies comparing H 2receptor antagonist-based triple therapy with PPI-based
triple therapy are scant. Recent studies have shown that
triple therapy combining either famotidine or omeprazole
with clarithromycin and metronidazole are equally effective
for eradication of H pylori infection[14,15]. Famotidine or
omeprazole combined with amoxicillin and tinidazole
instead of clarithromycin and metronidazole also produce
similar results [16] . On the other hand, double-blind
trials have shown that triple therapy with omeprazole,
amoxicillin, and metronidazole yields a higher rate of
H pylori eradication than triple therapy with ranitidine,
amoxicillin, and metronidazole[17]. Isomoto et al [10]reported
that a 7-d course of triple therapy with lafutidine (20 mg,
twice daily), clarithromycin (200 mg, twice daily), and
amoxicillin (750 mg, twice daily) produced eradication rates
of 85.2% on intention-to-treat analysis and 88.2% on perprotocol analysis. In patients who received lansoprazole (30
mg, twice daily) instead of lafutidine, similar eradication
rates were obtained (80.3% on intention-to-treat analysis;
84.5% on per-protocol analysis). We compared similar
triple therapies including either lafutidine or lansoprazole.
The rates of H pylori eradication were 66.7% (intentionto treat analysis) and 70.0% (per-protocol analysis) in the
lafutidine group, as compared with 72.7% (intention-to
treat analysis) and 70.0% (per-protocol analysis) in the
lansoprazole group. These eradication rates were similar.
In an acidic environment, the antimicrobial activity of
metronidazole is preserved, whereas that of clarithromycin
is attenuated. A potent inhibitor of acid secretion should
therefore be given concurrently when clarithromycin is

Hagiwara T� et al. Symptoms after H pylori eradication

prescribed for eradication therapy[13]. PPIs generally inhibit
acid production for about 24 h. In contrast, H2-receptor
antagonists inhibit acid production from late night to
early morning, but do not sufficiently suppress acid
production during the daytime[14-17]. However, lafutidine,
an H 2-receptor antagonist that inhibits acid secretion
via capsaicin-sensitive afferent nerves and somatostatin,
inhibits acid secretion even during the daytime[5,18] and
produces a more rapid rise in intragastric pH than does
PPI (rabeprazole)[6].
Lansoprazole is mainly metabolized by CYP2C19
drug-metabolizing enzymes in the liver. Metabolism
of lansoprazole is therefore influenced by CYP2C19
polymorphisms, resulting in individual differences in
antisecretory activity. Isomoto et al[10] reported that a triple
therapy including lansoprazole resulted in an eradication
rate of 91.7% in poor metabolizers, as compared with
only 76.2% in homozygous-extensive metabolizers. In
contrast, the eradication rate with a triple therapy including
lafutidine was not influenced by genetic polymorphism
of CYP2C19 activity. In our study, rates of H pylori
eradication were slightly higher in homozygous-extensive
metabolizers in the lafutidine group and poor metabolizers
in the lansoprazole group. These results are consistent
with the finding of Isomoto et al[10]. H pylori eradication
rates may be strongly influenced by genetic polymorphism
in Japan because 80% to 85% of Japanese people are
extensive metabolizers[19].
H pylori eradication rates were similar in the lafutidine
and lansoprazole g roups. T hese similar rates are
attributed to the potent, continuous antisecretory activity
of lafutidine, unaffected by genetic polymorphism of
CYP2C19 activity. Recently, rising health care costs
due to an aging population have become a matter of
concern. Attention has focused on the reduction of
health care costs. The cost of lafutidine is about half
that of lansoprazole. The use of lafutidine in place of
lansoprazole would reduce the cost of H pylori eradication
therapy by about 20%. Lafutidine-based triple therapy is
thus considered very cost effective.
Peptic ulcer is often accompanied by epigastric pain.
Prompt improvement in pain would enhance patient
quality of life. Sung et al [20] compared the effect of
triple therapy with a 1-wk course of bismuth (120 mg),
tetracycline (500 mg), and metronidazole (400 mg), each
given 4 times daily, with a 4-wk course of omeprazole (20
mg once daily). Antibacterial treatment alone yielded a
91% eradication rate and an 84% ulcer cure rate, but an
antisecretory agent was reported to be necessary for the
prompt alleviation of epigastric pain[20]. In our study, the
persistence or eradication of H pylori had no influence on
improvements in gastroesophageal reflux and abdominal
symptoms after eradication therapy in patients with
active peptic ulcer. Consequently, the improvements in
gastroesophageal reflux and abdominal symptoms were
similar in the lafutidine and lansoprazole groups. Lafutidine
inhibits acid secretion even during the daytime, unlike
other H2-receptor antagonists[5]. The rise in intragastric
pH is more rapid with lafutidine than with PPIs, resulting
in an earlier resolution of symptoms[6-9]. In contrast, PPIs
are prodrugs that require hydrogen ions for activation
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and suppress acid secretion by acting on proton pumps in
gastric parietal cells, which actively secrete acid. However,
dormant proton pumps start compensatory production
of gastric acid. Inhibition of all gastric proton pumps
consequently requires 2 d to 3 d. In our study, similar
improvements in gastroesophageal reflux and abdominal
symptoms in the lafutidine and lansoprazole groups are
most likely ascribed to the fact that the antisecretory
activity of lafutidine is comparable to that of lansoprazole
during 1 wk of H pylori eradication therapy.
Our study showed that triple therapy including
lafutidine is equivalent to triple therapy including
lansoprazole in terms of H pylori eradication rates and
improvements in gastroesophageal reflux and abdominal
symptoms after treatment. These results are attributed to
the fact that lafutidine has strong, continuous antisecretory
activity, unaffected by CYP2C19 polymorphisms.
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Abstract
AIM: To investigate the role of Sonic hedgehog (Shh) on
the course of liver ischemia and reperfusion (I/R) in rats,
and the interaction between treatment with nitric oxide
donor L-Arginine-methyl ester (L-Arg) and up-regulation
of Shh expression.
METHODS: A total of 30 male Sprague-Dawley rats
weighing 220-240 g were used in this study. Shamcontrol group (G1, n = 10): a sham operation was
performed (except for liver I/R). I/R-untreated group (G2,
n = 10): rats underwent liver ischemia for 1 h followed
by reperfusion for 45 min. I/R-L-Arg group (G3, n =
10): after performing the same surgical procedure as in
group 2, animals were treated with L-Arg. Liver tissues
were taken for determination of malondialdehyde (MDA)
levels, and biochemical and histological evaluations were
made.
RESULTS: Plasma alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactate dehydrogenase
(LDH) and γ-glutamyltranspeptidase (GGT) activities
were higher in group 2 than in group 3. MDA values and
the hepatic injury score decreased in the L-Arg treated
group compared to the I/R-untreated group. In group 2,
the hepatocytes were swollen with marked vacuolization.
Group 3 rats showed well-preserved liver parenchyma,
with hepatocytes extending from the central vein. The
morphology of the hepatocytes and the sinusoidal
structures was normal, without any signs of congestion.
Mild Shh positive immunostaining was detected in group
2 animals. The expression of immunoreactive cells was
increased markedly in liver tissue from I/R-L-Arg rats.

CONCLUSION: Our findings suggest that Shh molecules
are critical factors in the pathophysiology of inflammatory
liver injury induced by I/R. In addition, NO plays an
important role in the immunohistochemical expression of
these molecules.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Liver ischemia/reperfusion (I/R) injury is a complication
associated with hepatic resection, liver transplantation,
and hemorrhagic shock with fluid resuscitation [1]. The
consequences of I/R injury include liver and remote
organ failure, both of which have high rates of morbidity
and mortality. Despite improvements in organ protection
and surgical techniques, I/R injury remains an important
clinical problem, and there is significant interest in
preventing this complication[2].
Hedgehog (Hh) proteins act as morphogens in several
tissues during embryonic development[3-7]. In mammals,
there are three such genes: Sonic hedgehog (Shh), Indian
hedgehog (Ihh), and Desert hedgehog (Dhh) [8]. Sonic
hedgehog (Shh) is the most extensively expressed gene
during embryonic development[9,10], and lack of Shh in
mice is lethal resulting in multiple defects, beginning
in the early to mid gestational period [4-6]. Several new
findings point to the involvement of Hh in inducing
vascularization of several embryonic tissues. For example,
hypervascularization of neuroectoderm is seen following
transgenic over expression of Shh in the dorsal neural
tube[11].
Inducible nitric oxide synthase (iNOS) from hepatocytes and Kupffer cells is activated to produce nitric oxide
(NO). Both cytotoxic and cytoprotective effects of NO
have been demonstrated, related respectively, to its ability
to restore microcirculation via its vasodilatory properties
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and to the inhibitory effect of large amounts of NO on
energy metabolism, leading to cell death[12]. Recently, Pola
et al[13] suggested that Shh is a potent angiogenic factor, and
when administered to aged mice is able to induce robust
neovascularization of ischemic hind-limbs. The aim of
this study was to investigate the role of Shh on the course
of liver I/R in rats and the interaction between treatment
with nitric oxide donor L-Arginine-methyl ester (L-Arg)
and up-regulation of Shh expression.

MATERIALS AND METHODS
Thirty male Sprague-Dawley rats weighing 220 to 240 g
were used in the study. All the study protocols were
performed according to the guidelines for the ethical
treatment of experimental animals.
Animals and experimental protocol
The rats were housed individually in cages, were allowed
free access to standard rat chow and water before and
after the experiments. The animal rooms were windowless
with temperature (22 ± 2℃) and lighting controls. The
animals were fasted overnight before the experiments but
were given free access to water. They were anesthetized
with 100-mg/kg ketamine and 20-mg/kg xylazine. Right
femoral vein was cannulated for administration of drugs
and saline.
The animals were randomly separated into 3 groups,
each containing 10 rats. Sham-control group (G1, n = 10):
to determine the baseline values of histological parameters,
we performed a sham operation. A midline incision
was made in the upper abdomen and the liver was freed
from its ligaments (except for liver I/R). I/R-untreated
group (G2, n = 10): rats were subjected to the surgical
procedure described below and underwent liver ischemia
for 1 h followed by reperfusion for 45 min. Group 3 (I/
R-L-Arg): after performing the same surgical procedure
as in g roup 2, L-arginine-methyl ester (200 μ g/kg
per minute Ⅳ; Sigma Chemical Co, St. Louis, USA), an
NO donor, was infused for 45 min by an infusion pump.
Liver ischemia-reperfusion
The ligament attachments connecting the liver to the
diaphragm, abdominal wall, and neighboring organs were
divided. After the organ had been carefully isolated, the
liver hilum was exposed and the common hepatic artery
and portal vein were identified. A vascular microclamp was
used to interrupt the blood supply to three-quarters of the
liver for 60 min, followed by 45 min of reperfusion. Other
rats were subjected to a sham operation (sham-operated),
namely an identical surgical procedure as in the I/R group
was performed, but without vascular clamping; the rats
were maintained under anesthesia for the duration of the
experiment. At the end of the study protocol, the rats were
sacrificed by an overdose of sodium pentobarbital.
Measurement of serum liver enzymes
The abdominal aorta was punctured and 5 mL blood
was collected in heparinized tubes. Plasma was separated
by centrifug ation (3000 RPM for 10 min at room
temperature) for biochemical studies. The levels of alanine
www.wjgnet.com
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aminotransferase (ALT, a specific marker for hepatic
parenchymal injury) (units/L), aspartate aminotransferase
(AST, a nonspecific marker for hepatic injury) (units/L),
lactate dehydrogenase (LDH, a marker of nonspecific
cellular injury) and γ -glutamyltranspeptidase (GGT,
a sensitive but nonspecific indicator of liver disease
with increased activity found in both cholestasis and
he patocellular damag e) (units/L) in plasma were
determined by standard auto-analyzer methods on an
Abbot Aeroset (USA). The livers were obtained for
histopathological evaluation just before the rats were
sacrificed.
Malondialdehyde determination
Liver MDA levels were deter mined by Wasowiczs’s
method (14) based on the reaction of MDA with
thiobarbituric acid at 95-100℃. Fluorescence intensity was
measured in the upper n-butanol phase by a fluorescence
spectrophotometry, (Hitachi, Model F-4010) adjusted
exitation at 525 nm and emission at 547 nm. Arbitrary
values obtained were compared with a series of standard
solutions (1, 1, 3, 3 tetramethoxypropane). Results were
expressed as nanomole per gram wet tissue (nmol/g wet
tissue).
Protein assays
The protein content of homogenates was determined
according to the method of Lowry et al[15].
Histopathological study
The exteriorized livers were divided into two parts. One
part was immediately placed in 10% formalin solution
overnight and embedded in paraffin blocks. The blocks
were sectioned 4-μm thick and stained with hematoxylineosin, according to standard protocols. Sections were
evaluated by a point-counting method for severity of
hepatic injury using an ordinal scale as follows: grade 0,
minimal or no evidence of injury; grade 1, mild injury
consisting of cytoplasmic vacuolation and focal nuclear
pyknosis; grade 2, moderate to severe injury with extensive
nuclear pyknosis, cytoplasmic hypereosinophilia, and
loss of intercellular borders; and grade 3, severe necrosis
with disintegration of hepatic cords, hemorrhage, and
neutrophil infiltration.
Biochemical analyses
The second portion of the liver was washed in icecold 0.9% saline solution, weighed and stored at -70℃.
Homogenates of the tissues were prepared as 1.0 g/10 mL
in 250 mmol/L sucrose, 1 mmol/L EDTA, 1 mmol/L-dldithiothreitol and 15 mmol/L Tris HCl (pH 7.4), using an
all-glass Potter Elvehjem homogenizer (Selecta, Barcelona,
Spain). Each homogenate was centrifuged for 20 min at
800 × g. The resulting supernatant fraction was used to
determine enzyme activities. The protein concentrations of
the supernatant were determined by the method described
by Bradford[16].
Immunohistochemistry
The expressions of Shh in the liver tissue were analyzed
by using an immunohistochemistry technique. Tissues
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Figure 1 Effects of L-Arg on liver function after
liver I/R. AST (A), LDH (B), ALT(C) and GGT
(D) values in group 2 were significantly higher
compared to groups 1 and 3 (aP < 0.05 vs group
1; cP < 0.05 vs group 3). Values are expressed
as mean ± SE. GGT: g-glutamyltranspeptidase;
AST: aspartate aminotransferase; ALT: alanine
aminotransferase. Group 1 (n = 10), Sham-control
group; Group 2 (n = 10), I/R-untreated group;
Group 3 (n = 10), I/R-L-Arg group.

LDH

1000

600

3843

Group 1

Group 2

Group 3

0

Group 1

Groups

were fixed in Bouin’s solution and embedded in paraffin.
Sections were cut 4 μm in thickness, dewaxed in xylene,
and incubated for 20 min in 0.3% H 2 O 2 to block
endogenous peroxidase activity. Sections were placed in
a microwave for four minutes in phosphate buffer saline
(PBS), and incubated with primary antibodies [monoclonal
Anti-Sonic Hedgehog, N-terminal antibody produced
in rat] overnight at room temperature. The primary
antibody was visualized with diaminobenzidine (DAB)
as a chromogen. The sections were counterstained in
hematoxylene and eosin, cleared with xylene and covered
with a cover slip. The tissue sections were examined, using
a light microscope interfaced with a Zeiss Color Camera.
The sections were analyzed by 2-3 observers who were
blinded to the grouping of the animals, and categorized
using a ranking system (0 = no immunoreactivity, 1 =
faint, 2 = moderate, and 3 = strong immunoreactivity).
At least 3 slides per animal were examined and the results
were presented as average (= median).
Statistical analysis
Data was analyzed on an IBM compatible personal
computer using SPSS version 9.0. All values were
expressed as mean ± SE. The significance of the data
obtained was evaluated by using analysis of variance
(ANOVA). Differences between means were analyzed by
using the post-ANOVA (Tukey’s b) test. P values of < 0.05
were considered significant.

Group 2

Group 3

Groups

RESULTS
The biochemical measurements in the different study
groups are shown in Figure 1 A-D. ALT, AST, GGT and
LDH levels were significantly higher in groups 2 and 3
compared to group 1 (P < 0.05 for both comparisons).
However, ALT, AST, GGT and LDH values were higher
in group 2 compared to group 3 (P < 0.05).
The values of MDA measurements in the different
g roups are shown in Figure 2A. MDA values were
significantly higher in group 2 compared to groups 1
and 3 (P < 0.05 for both). In addition, MDA values were
significantly higher in group 2 compared to group 3 (P <
0.05).
The histopathological scores were 0.1 ± 0.2; 2.7 ±
0.6 and 1.3 ± 0.5 in groups 1, 2 and 3 respectively. The
histopathological score was higher in groups 2 and 3
compared to group 1 (P < 0.05 for both). However, the
histopathological score was significantly greater in group 2
compared to group 3 (P < 0.05).
No morphological damage was observed in any of the
rats in group 1 (Figure 3A). In group 2, the hepatocytes were
markedly swollen, with striking vacuolization. In addition,
areas of necrosis and cell infiltration were noted (Figure
3B-D). Group 3 showed well-preserved liver parenchyma
with hepatocytes extending from the central vein. The
regular sinusoidal structures showed normal morphology,
without any signs of congestion (Figure 3E).
Immunoreactivity scores (IRS) in the three groups were
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Figure 2 Effects of ischemia/reperfusion and L-Arg
on MDA levels (A) and IRS (B) of liver tissue. aP
< 0.05 group 2 vs group 1; cP < 0.05 group 2 vs
group 3. Values are expressed as mean ± SE,
MDA; Malondialdehyde. IRS; Immunoreactivity
scores, Group 1 (n = 10), Sham-control group;
Group 2 (n = 10), I/R-untreated group; Group 3 (n
= 10), I/R-L-Arg group.
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Figure 3 A: Group 1 shows normal liver parenchyma with regular morphology of both the hepatocytes and the sinusoids around the central vein (HE; x 200); B: Group 2
shows increase in necrosis (↑) and cell infiltration (↑↑); C: Swollen hepatocytes with marked vacuolization; D: necrosis (↑) (HE, x 200); E: Group 3 rats showing normal
morphology of hepatocytes and sinusoids, reflecting well-preserved liver parenchyma (HE, x 200).

0.1 ± 0.1, 3 ± 0.1 and 1 ± 0.1 respectively. The IRS was
significantly higher in the I/R-L-Arg group compared to
the sham treated and I/R groups (P� < 0.05 for both) (�������
Figure
2B). There
���������������������������������������������������
were no positive immunoreactive cells in the
sham-operated rats (Fig��������������������������������
ure 4A).
����������������������������
Mild Shh positive immunostaining was detected in group 2 animals (Fig���������
ure������
4B).
By contrast, the liver tissue from I/R-L-Arg rats showed
intense expression of immunoreactive cells (Fig�����������
ure 4C�����
�������
-����
F).

DISCUSSION
The Hedgehog family has been examined extensively
during embryogenesis. Most of the prenatal studies have
focused on the function of Hh family members in the
regulation of epithelial-mesenchymal interactions that are
crucial to the formation of limbs, lungs, gut, hair follicles,
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and bone[3-7], including a possible role in vascularization
of certain embryonic tissues[17-19]. By contrast, the role for
the Hh family in the regulation of adult tissue regeneration
and revascularization has received little attention [20-22].
The intracellular signalling events mediated by Shh
remain poorly defined. After synthesis, Shh undergoes
autoproteolysis by an enzymatic activity contained
within its carboxylterminal sequence, which leads to an
aminoterminal product responsible for the biological
activity of the protein, anchored to the cell membrane
by a lipidic molecule [23,24]. It has been suggested that
transduction of the Shh signal involves a complex of two
membrane proteins, Patched (Ptc) and Smoothened (Smo),
which display homology with members of transporters
and G-protein-coupled receptors, respectively [25-27] .
Recently, it has also been proposed that a Hedgehog (Hh)-
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Figure 4 A: No expression of Shh in the control group (Immunoperoxidase. X 200); B: Mild Shh-positive immunostaining in group 2 (arrows) (Immunoperoxidase, X 200), C,
D, E, F: Intense Shh expression in liver tissue from I/R-L-Arg treated rats (arrows) (Immunoperoxidase, X 200).

binding protein (Hip), a putative transmembrane protein
with epidermal growth factor-like domains, is a receptor
for Hh peptides and might be implicated in modulating
Hh signalling[28]. Pola et al[13] demonstrated that exogenous
administration of Shh induces neovascularization in both
corneal and ischemic hind limb models of angiogenesis.
Neovascularization induced by Shh appears to be mediated
by stromal cells producing a combination of potent
angiogenic factors, including vascular endothelial growth
factor (VEGF), and angiopoietin-1 and 2[13]. Shh seems
to work as an indirect angiogenic agent and may activate
neovascularization through Shh/patched-1 signaling,
specifically in mesenchymal cells[13]. In another study, Pola
et al[29] suggested that the Hh pathway may be postnatally
recapitulated in response to skeletal muscle ischemia,
and concluded that in adult mice, a strong up-regulation
of Shh and Ptc1 occurs during regeneration of ischemic
skeletal muscle. In our study, ALT, AST, GGT, LDH and
MDA levels were significantly higher in the I/R-untreated
group. In group 2, the hepatocytes were swollen and
showed marked vacuolization. There were no positive
immunoreactive cells in the sham-operated rats, while
mild Shh positive immunostaining was detected in group 2
animals.
Therefore, supplementation of nitric oxide in the form
of nitric oxide donors can be used to correct the nitric
oxide deficiency encountered in many disease states. Nitric
oxide, known as an endothelium-derived relaxing factor,
is formed from the terminal guanidino nitrogen atom of
L-arginine by NO synthase[30]. Nitric oxide binds to the
haem moiety of guanylate cyclase and increases its activity
by 400-fold, catalyzing the conversion of guanosine
triphosphate to cyclic guanosine monophosphate (cGMP).
Elevation of cGMP relaxes the smooth muscles in blood
vessels including the genitourinary tract, inhibits platelet

ag gregation and adhesion, and blocks the adhesion
of white cells to the blood vessel wall[31-33]. It has been
suggested that cGMP can influence the inductive effects
of Shh on neural tissue [34] . In the present study, the
biochemical parameters were superior in the I/R-LArg group than in the I/R-untreated group. Histological
examination of the liver revealed regular sinusoidal
structures in group 3, as opposed to swollen cells with
marked vacuolization seen in group 2. In addition,
the expression of immunoreactive cells was increased
markedly in liver tissue from I/R-L-Arg rats. These
findings suggest that NO may play an important role in
the immunohistochemical expression of Shh molecule.
Lipid peroxidation, mediated by free oxygen radicals,
is believed to be an important cause of destruction and
damage to cell membranes. Membrane peroxidation can
lead to changes in membrane fluidity and permeability
and also to enhanced rates of protein degradation,
eventually resulting in cell lysis[35]. MDA levels have been
extensively used as markers of lipid peroxidation and lipid
peroxidation damage in tissues, including cells and body
fluids in both clinical and experimental studies[36,37] . We
also examined the effect of L-Arg on lipid peroxidation as
measured by MDA levels. L-Arg reversed the increase in
MDA levels to a considerable extent, thereby confirming
its antioxidant role in I/R.
In conclusion, our findings sug gest that the Shh
molecules may be critical factors in the pathophysiology of
inflammatory liver injury induced by I/R. NO may play an
important role in the immunohistochemical expression of
these molecules.
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Abstract
AIM: To study immune response induced by foreign
plasmid DNA after oral administration in mice.
METHODS: Mice were orally administered with 200 μg
of plasmid pcDNA3 once and spleen was isolated 4 h
and 18 h after administration. Total RNA was extracted
from spleen and gene expression profile of BALB/c mice
spleen was analyzed by using Affymetrix oligonucleotide
GeneChip. Functional cluster analysis was conducted by
GenMAPP software.
RESULTS: At 4 h and 18 h after oral plasmid pcDNA3
administration, a number of immune-related genes,
including cytokine and cytokine receptors, chemokines
and chemokine receptor, complement molecule,
proteasome, histocompatibility molecule, lymphocyte
antigen complex and apoptotic genes, were upregulated. Moreover, MAPPFinder results also showed
that numerous immune response processes were upregulated. In contrast, the immunoglobulin genes were
down-regulated.
CONCLUSION: Foreign plasmid DNA can modulate
the genes expression related to immune system via the
gastrointestinal tract, and further analysis of the related
immune process may help understand the molecular
mechanisms of immune response induced by foreign
plasmid via the gastrointestinal tract.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Foreign plasmid pcDNA3, which is a typical DNA vaccine
vector, has an immune-stimulatory capacity ascribed to
unmethylated CpG motif on its plasmid backbone [1,2].
Mammalian immune system recognizes synthetic oligod
eoxyribonucleotides and bacterial DNA containing CpG
dinucleotides in specific sequence contexts (CpG DNA)[3,4].
The immune responses to CpG DNA include stimulation
of B cell proliferation, activation f macrophages, monocytes, and dendritic cells[3-6]. The activation of immune
cells by CpG DNA results in the expression of several
co-stimulatory molecules and secretion of a number of
cytokines, including IL-12, IFN-γ, IL-6 and TNF-α[3-6].
The gastrointestinal tract (GIT) of mammals is the
main portal of entry for foreign DNA and proteins[7,8]. We
have documented the fate of orally administered plasmid
DNA in the GIT of the mouse. Our previous work
suggested that foreign plasmid DNA was not completely
degraded in the GIT of mice[9]. Plasmid could be detected
in almost all tissues 1 h after oral administration and the
copies of plasmid in tissues changed with time. Foreign
plasmid persisted transiently as fragments after feeding
in the gut and organs[9]. However, foreign plasmid DNA
could induce humoral and cell-mediated immune system
in mice after administration via the GIT[10]. Plasmid DNA
stimulated spleen lymphocyte proliferation and enforced
phagocytic activity of macrophage in vivo[10]. It seemed the
immunostimulatory activation mechanism is correlated to
regulation of immune response gene in vivo.
The immune response was considered an ancient
cellular defense mechanism against the activity of foreign
genes. Apparently, the intestinal tract is not an absolute
barrier against the uptake of macromolecules, such as
plasmid DNA[11-14]. It will be interesting to investigate the
mechanism of immune response and immune-related
activated pathway induced by foreign plasmid DNA in vivo
via the GIT. It will help further understanding metabolic
mechanism and consequence of foreign DNA in vivo and
may provide a critical clue for food safety and research
on entry pathway of DNA vaccine into organism. Spleen
has multiple hematologic and immunologic functions.
It can not thoroughly elucidate regulation mechanism
www.wjgnet.com
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by single or several gene expression since immune
system is a complicated regulation network. With the
completion of the genome sequences of many model
organisms and the advent of DNA microarray technology,
simultaneous monitoring of the transcriptional levels of
thousands of genes in a genome has become possible.
In this study, we employed Affymetrix array technology
to characterize the gene expression profile in the spleen
after oral administration of foreign plasmid pcDNA3 in
mice. It can provide new sight into the overall cellular and
molecular consequence of foreign DNA absorbed via the
gastrointestinal tract in the mammal systems.

MATERIALS AND METHODS
Preparation of the plasmid
Plasmid was propagated in E. coli DH5α, purified using
EndoFree Plasmid Maxi or Mega kit (Qiagen, Hilden,
Germany), diluted in TE buffer and passed over a detoxigel column (Piere, Rockford, IL, USA). The content of
endotoxin was estimated by using limulus amebocyte
lysate test (QCL-1000 test, BioWhittaker East Rutherford,
NJ, USA). Before administration, 2 mg of the plasmid
pcDNA3 was diluted in 2 mL of pyrogen-free NaCl. The
content of endotoxin after final dilution never exceeded
0.25 EU/mL.
Animal protocol
Six-week-old male Balb/c mice were obtained from
Shanghai Experimental Animal Center (Shanghai, China)
and maintained in a specific pathogen-free condition. Mice
were orally administered by pipette with 200 μg of plasmid
pcDNA3 in 200 μL of saline once and sacrificed at 4 h
and 18 h later. The spleen was isolated and cleaned by
RNase-free saline. Three spleens of the same group mice
were mixed together and stored in RNA at 4℃ overnight
and maintained at -20℃.
Total RNA isolation
Total RNA was extracted from the spleen using Trizol
(Invitrogen, Carlsbad, CA). The quality of RNA samples
was determined by agarose gel electrophoresis and staining
with ethidium bromide; the 18S and 28S RNA bands
were visualized under UV light. To perform microarray
hybridization, two independent extractions of RNA were
obtained from the plasmid pcDNA3 groups and the
control group.
Microarray analysis
Affymetrix MOE4 GeneChips, encompassing about 22
690 genes and ESTs on one array were processed according
to the manufacturer’s recommendations. Equal amount
of the RNA from each group was taken for purification
of poly (A) mRNA by using a poly (A) purification kit
(Promega, Madison, WI). RNA samples were reversetranscribed with poly dT oligonucleotide attached to a
sequence of the T7 promoter region, digested with RNase
H, and copied into dsDNAs (SuperScript Choice System,
Invitrogen). In vitro RNA transcription was performed
to incorporate biotin-labeled ribonucleotides into the
www.wjgnet.com
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cRNA transcripts using an RNA transcript labeling kit
(Enzo Biochem, Farmingdale, NY). Labeled cRNAs were
purified and analyzed by agarose gel electrophoresis to
confirm a size distribution ranging from 500 to 1200
bases. These cRNAs were fragmented to sizes ranging
from 50 to 200 bases by heating at 94℃ for 35 min, and
then were used for separate hybridization to a rat Genome
U34A Array (Affymetrix, Santa Clara, CA) according to
the manufacturer’s instructions, with a prior quality assay
using Test2 Array probe chips. After hybridization and
subsequent washing using the Affymetrix Fluidics station
400, the bound RNAs were stained with streptavidin
phycoerythrin, and the signals were amplified with a
fluorescent-tagged antibody to streptavidin. Fluorescence
was measured using the Affymetrix scanner, and the results
were analyzed using the GeneChip Analysis Suite software.
Log2 of the respective normalization factor was added to
log2 of the ratio for each spot within the array, in such a
way that the average log-transformed ratio was equal to
zero.
Functional cluster analysis
Before applying the cut-off filtering criterion, the gene
expression values selected as described above were
subjected to functional cluster analysis using GenMAPP
and MAPPFinder[15,16], a software that creates a global gene
expression profile from microarray data by integrating
the annotations of the Gene Ontology (GO) Project
(Http://www.geneontology.org) with the free software
package GenMAPP (Http://www.GenMAPP.org). Using
the GenMAPP Expression Dataset Manager tool, we
converted the median of gene expression values (.xls) into
an expression data set file (.gex) and defined the criteria
for meaningful gene changes in expression. The criteria
were set up to consider fold ≥ 2 (|SLR| ≥ 1, SLR is
equal to log2fold) which meant significantly up-regulated
and down-regulated genes. Having created the expression
Dataset file, we obtained functional cluster results using
the MAPPFinder program. MAPPFinder builds a local
copy of the GO hierarchy using the three Ontology files
(process, function and component) available from GO.
The links between GO terms and genes in the expression
data set were created through Affymetrix probe set.
For each term, MAPPFinder calculates (1) a first set of
percentages for the genes specifically associated with that
term of the GO hierarchy, (2) a second set of percentages
for the total number of genes associated with that term
and all its “children”, and (3) a z score (i.e. the level of
confidence that a term has more or less genes meeting the
criterion than those would be expected by chance).

RESULTS
A global view of different expression of total gene in the
spleen after oral administration
To investigate a systemic response to plasmid pcDNA3,
Balb/c mice were orally administered with plasmid
pcDNA3, and spleen RNA was harvested at 4 h and
18 h after oral administration. These RNA samples
were hybridized to Affymetrix MOE4 oligonucleotide
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Table 1 A global view of differential gene expression
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Figure 1 GeneChip scanning scatter graph. A: 4-h plasmid group; B: 18-h
plasmid group. Genes which were not expressed are listed in yellow, genes which
were expressed are listed in red, and genes which were between expressed and
not-expressed are listed in blue.

arrays containing 22 690 oligonucleotide probe sets, each
representing an expressed genes. Therefore, the array
represented roughly two-third of the protein coding
capacity of mouse genome. The general information
of gene expression is presented in Figure 1A and B. A
comparison of spleen gene between the plasmid pcDNA3
group and the control group revealed that foreign plasmid
DNA could cause global change in gene expression in
the spleen. Compared to the control group, 1803 genes
were up-regulated and 578 genes were down-regulated at
4 h after oral administration. While 1620 genes were upregulated and 143 genes were down-regulated at 18 h after
oral administration. The result of total differential gene
expression is presented in Table 1.
Functional cluster analysis
We used MappFinder to assign the differentially expressed
genes which changed greater than 2-fold (|SLR| ≥ 1)
to non-mutually exclusive categories regarding biological
process, molecular function, and/or cellular components.
MappFinder calculates (1) the percentages of genes
meeting the user-defined criterion, and (2) the z score
for each GO term and local term. MAPPFinder was
able to connect 211 of the 292 significantly up-regulated
genes (SLR > 1) and 296 of 414 significantly downregulated genes to GO terms. Interestingly, the processes
which significantly up-regulated the genes involved at 4 h
included immune response, defense response, innate
immune response, inflammatory response, apoptotic,
and pyrimidine nucleotide metabolism. At 18 h, the
up-regulated process mainly included digestion, heat
stress response, RNA process and metabolism, and

protein metabolism. While in down-regulated genes, the
process mainly included humoral response, cell growth
and regulation, protein modification, phosphoric acid
metabolism. The processes which significantly downregulated genes involved at 18 h mainly included humoral
response. At 4 h, up-regulated genes mainly took place in
ribosome, ribonucleoprotein complex, mitochondrial inner
membrane and cytosol, while at 18 h the up-regulated
genes mainly took place on cell membrane. The downregulated genes took place in the nucleus at 4 h and in
immunoglobulin complex at 18 h.
Effect of foreign plasmid pcDNA3 on immune-related
genes expression
The results (Table 2) showed that a number of immune
genes were up-regulated. These genes mainly included
cytokine and cytokine receptors, chemokine and chemokine receptors, complement molecule, proteasome,
histocompatibility molecule, lymphocyte antigen complex
and apoptotic genes. The down-regulated genes were
mainly immunoglobulin genes.

DISCUSSION
Our data provided a global view in differential genes
expression after administration of foreign plasmid
pcDNA3 via the gastrointestinal tract. The result of
function cluster analysis of differential genes expression
by MappFinder clearly showed that oral administration of
plasmid pcDNA3 induced a number of immune response
genes, mainly including cytokine and cytokine receptors,
chemokine and chemokines receptors, complement
molecule, proteasome, histocompatibility molecule,
lymphocyte antigen complex and apoptotic genes. The
down-regulated genes were mainly immunoglobulin genes.
Some groups of key genes which participate in immune
response are discussed below.
NF-κB gene
Nfkbia and Nfkbib genes were up-regulated at 4 h and
Nfkb2 and Nfkbia genes were up-regulated at 18 h after
oral administration of plasmid pcDNA3. Recent studies
on CpG-mediated immune activation sug gest that
CpG functions through Toll-like receptor 9 (TLR9) to
deliver signals intracellularly, culminating in activation of
transcription factors NF-κB and AP-1, which, in turn,
enhances a number of genes previously implicated in
www.wjgnet.com
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Table 2 Levels of sIL-2R, ALT, and HBV DNA in the sera of patients with chronic HBV infection (mean ± SD)
Probe set

Gene symbol

1423754_at
1425156_at
1452428_a_at
1418021_at
1418126_at
1419609_at
1418930_at
1417876_at
1431591_s_at
1420549_at
1435906_x_at
1421596_s_at
1425917_at
1451721_a_at
1426324_at
1424948_x_at
1425336_x_at
1452544_x_at
1421358_at
1449875_s_at
1449556_at
1419603_at
1421551_s_at
1452348_s_at
1452349_x_at
1450783_at
1449025_at
1418219_at
1416296_at
1449399_a_at
1421322_a_at
1425436_x_at
1417185_at
1421571_a_at
1416930_at
1422089_at
1453196_a_at
1422962_a_at
1450696_at
1417056_at
1418131_at
1421812_at
1425324_x_at
1429381_x_at
1451632_a_at

1110004C05Rik
9830147J24Rik
B2m
C4
Ccl5
Ccr1
Cxcl10
Fcgr1
G1p2
Gbp1
Gbp2
H28
H28
H2-Ab1
H2-D1
H2-K
H2-K
H2-K
H2-M3
H2-T10
H2-T23
Ifi16
Ifi202b
Ifi205
Ifi205
Ifit1
Ifit3
Il15
Il2rg
Il1b
Isgf3g
Klra3
Ly6a
Ly6c
Ly6d
Ncr1
Oasl2
Psmb8
Psmb9
Psme1
Samhd1
Tapbp
Igh-4
Igh-VJ558
Igh-1

4 h (SLR)

18 h(SLR)

0.9
0.4
0.5
0.3
0.3
1.1
0.3
1.5
1.7
0.6
0.7
1.9
1.5
0.3
0.7
0.3
0.3
0.5
0.5
0.6
0.3
4.6
1.5
0.5
0.8
0.8
1.1
1.6
0.5
0.9
0.3
0.7
0.9
0.7
0.6
1.4
2.1
0.4
0.8
0.5
0.6
0.3
-1.7
-1.2
-2

0.8
1.6
0.4
0.3
0.3
0.4
1.2
0.4
1.6
0.7
0.2
1.4
1.8
0.2
0.7
0.6
0.3
0.3
0.2
0.4
0.2
4.2
0.9
0.4
0.7
0.6
0.8
1.4
0.6
0.4
0.4
0.1
0.9
0.3
0.5
1.0
1.9
0.3
0.6
0.4
0.2
0.5
-2.1
-1.4
-2.5

Gene title
RIKEN cDNA 1110004C05 gene
RIKEN cDNA 9830147J24 gene
beta-2 microglobulin
Complement component 4 (within H-2S)
Chemokine (C-C motif) ligand 5
Chemokine (C-C motif) receptor 1
Chemokine (C-X-C motif) ligand 10
Fc receptor, IgG, high affinity I
interferon, alpha-inducible protein
Guanylate nucleotide binding protein 1
Guanylate nucleotide binding protein 2
Histocompatibility 28
Histocompatibility 28
Histocompatibility 2, class II antigen A, beta 1
Histocompatibility 2, D region locus 1
Histocompatibility 2, K region
Histocompatibility 2, K region
Histocompatibility 2, K region
Histocompatibility 2, M region locus 3
histocompatibility 2, T region locus 10
Histocompatibility 2, T region locus 23
Interferon, gamma-inducible protein 16
Interferon activated gene 202B
Interferon activated gene 205
Interferon activated gene 205
Interferon-induced protein with tetratricopeptide repeats 1
Interferon-induced protein with tetratricopeptide repeats 3
Interleukin 15
Iinterleukin 2 receptor, gamma chain
Interleukin 1 beta
Iinterferon-dependent positive acting transcription factor 3 gamma
Killer cell lectin-like receptor, subfamily A, member 3
Lymphocyte antigen 6 complex, locus A
Lymphocyte antigen 6 complex, locus C
Lymphocyte antigen 6 complex, locus D
Natural cytotoxicity triggering receptor 1
2'-5' oligoadenylate synthetase-like 2
Proteosome (prosome, macropain) subunit, beta type 8 (large multifunctional protease 7)
Proteosome (prosome, macropain) subunit, beta type 9 (large multifunctional protease 2)
Proteasome (prosome, macropain) 28 subunit, alpha
SAM domain and HD domain, 1
TAP binding protein
Immunoglobulin heavy chain 4 (serum IgG1)
Immunoglobulin heavy chain (J558 family)
Immunoglobulin heavy chain 1 (serum IgG2a)

control of various immune cells[17-19]. The expression of
both Nfkbia (IkBa/mad3) and Nfkbib (IkBb) increased
after plasmid administration. The function of NF- κ B
can therefore be linked to that of a second messenger
molecule through its ability to transduce upstream signals
from the cytoplasm into the nucleus in activated cells in
TLR9 pathway. The IKK complex which is activated by
CpG DNA phosphorylates IκB, leading to proteasomemediated IκB degradation, and then NF-κB translocates
from the cytosol to the nucleus to mediate the expression
of pro-inflammatory cytokines[20]. MyD88 was also upregulated after plasmid pcDNA3 administration. Signaling
by CpG DNA through TLR9 requires participation of
the adaptor protein MyD88 and results in activation of
common transcription factors NF-κB and AP-1. We can
deduce that plasmid pcDNA3 may activate innate immune
response through TLR9-NF-κB pathway.

www.wjgnet.com

Cytokines, chemokines and their receptors
The results presented in this study clearly showed that
plasmid pcDNA3 induced a number of cytokine and
cytokine receptor genes expression. Compared with
humans, mice may be classified as ‘high’ CpG-DNA
responders[21]. In this result, systemic challenge of mice
with plasmid pcDNA3 causes a transient ‘cytokine
storm’ in the spleen; substantial concentrations of proinflammatory cytokines, including chemokines and
cytokines, such as chemokine (C-C motif) ligand 12 (Ccl12),
interferon, gamma-inducible protein 16 (Ifi16), chemokine
(C-C motif) ligand 3 (Ccl3). At 4 h, Ccl12 appeared as
the most strongly induced genes, showing SLR of 5.6.
Chemokines play a key role in the balance of Th1/Th2
response. Chemokines, such as MCP-1 (Ccl12), RANTES
(Ccl5) and IP10 (Ccl10), are related to Th1 response.
These chemokines can promote Th1 cell immune response

Liu JW� et al. Molecular immune by foreign plasmid
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Figure 2 Effect of orally administered foreign plasmid pDNA3 on proteasome degradation pathway. Genes which were up-regulated in response to plasmid pcDNA3 are
listed in red (SLR > 1) and yellow (0 < SLR < 1), and genes which were down-regulated are listed in blue (SLR < -1) and green (-1 < SLR < 0). Pathway is defined by
GenMAPP (http://www.GenMAPP.org).

and inhibit Th2 activity by decreasing IL-4 expression.
Previous studies have demonstrated that CpG ODN
induces a significant increase in chemokine mRNA levels
at the site of injection and draining lymph nodes within
6 h of in vivo administration[22], thereby indicating that
plasmid pcDNA3 can promote pro-Th1 response by
inducing some chemokines expression. We also found a
number of cytokine genes, such as IFN-γ, IL-2, interferon
gamma-inducible protein, interferon-induced protein, Il2rg
and Il2rb, were induced after oral administration. Il2r is a
key receptor during T cell activation. The binding between
IL-2 and IL2r improves the production of IL-2 that
subsequently induces T cell activation and proliferation.
Overall, plasmid pcDNA3 induces a Th1-like pattern of
cytokine production dominated by IFN-γ, IL-2 and proTh1 chemokines.
Histocompatibility molecular and proteasome gene
The results showed that plasmid pcDNA3 up-regulated a

series of hiscompatibility genes, including H2-Ab1, H2-D1,
H2-K, H2-M3, H2-T10, H2-T23 and H28. Hiscompatibility
antigen is encoded by H2 and H2 complex in mice. These
genes encode MHC I molecule, which is the principal
antigen in the immune response. MHC class I molecules
are loaded with proteins generated in the cytosol. It is
deduced that the innate immune cells-macrophages and
DCs-are acutely activated by plasmid pcDNA3, resulting
in the up-regulation of MHC class I and enhancing
presentation capacity of antigen T cell via MHC class I
pathway[21].
The result also showed that foreign plasmid pcDNA3
up-regulated the expression of proteasome gene, such as
Psmb8, Psmb9 and Psme1 (Figure 2). Almost all genes in
α and β subunit of 20S proteasome were up-regulated
at 4 h, and part of genes in 26S proteasome were also
up-regulated. The proteasome plays a straightforward
but critical role in the function of the adaptive immune
system. The peptide antigens displayed by the major
www.wjgnet.com
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Figure 3 Effect of oral foreign plasmid pcDNA3 on complement activation classical pathway. The details defined are consistent with Figure 1.

histocompatibility complex class I (MHC) proteins on
the surface of antigen-presenting cells are products of
proteasomal degradation of proteins originated by the
invading pathogen. The genes of proteasome 20S subunits
were almost induced, while ubiquitin was significantly
suppressed. This indicated that plasmid pcDNA3 could
induce immune response in endogenous antigen pathway.
It can be concluded that foreign plasmid pcDNA3 may
activate major hiscompatibility antigen and 20S proteasome
genes in ubiquitin-proteasome pathway, and so improve
antigen presentation ability to induce T cell activation.
Complement classical pathway
All genes, such as C2, C4, C1s proenzyme and C1q which
involve in prophase of complement classical pathway,
were activated at 4 h after oral administration of plasmid
pcDNA3 (Figure 3). Complement component 4 (C4) was
up-regulated at both 4 h and 18 h. The classical pathway of
the complement system is a major effector of the humoral
branch of the human immune response. The complement
system has many other important roles in mediating and
enhancing the immune response against a wide variety
of invaders, such as foreign plasmid pcDNA3. The
activation of complement classical pathway demonstrated
the activation of this pathway occurred in the early phase
before the formation of C3 convertase. Since activation
of the complement system is a key part of the immune
system, the complement system is a part of the defense
system against invading foreign plasmid DNA, which
stimulates phagocytosis of plasmid pcDNA3 and induces
an inflammatory response.
Apoptotic genes
Our results also showed that foreign plasmid pcDNA3
could induce expression of a number of apoptotic
www.wjgnet.com

genes, including Casp3, Birc2, Birc3, Cycs, Bid, Bax, Nfkbia,
Tnfrsf1b and Traf2. On contrary, the Birc4 genes were
inhibited at 4 h. The mechanism of CpG DNA-mediated
apoptosis is still not clear, but it has been reported that
CpG DNA can inhibit apoptosis by caspase-dependent
and -independent pathways. Wang et al[23] investigated the
role of unmethylated mitogenic CpG motifs in regulating
Fas-mediated apoptosis in primary murine B cells [23].
Unmethylated CpG motif protected CD40L-stimulated
B cells from Th1-CMC and apoptosis mediated by Fasspecific antibody. It suggest that Fas-mediated apoptosis
requires minimum up-regulation of surface Fas expression
and that CpG motifs protect B cells from Fas-mediated
apoptosis by decreasing surface Fas expression.
We found that expression of IAP1 and IAP2 genes
was up-regulated. It has been reported that activation of
NF-κB can induce expression of cIAP1 and cIAP2[23],
which is similar to our result. The result that plasmid
pcDNA3 up-regulated Cycs , Bid and Bax genes expression
suggested that plasmid pcDNA3 regulated cell apoptosis
via a mitochondrial mechanism. Caspase 3, which is a
key apoptosis factor, was found be induced. Caspase
3 is responsible for the cleavage of the key cellular
proteins that lead to the typical morphological changes
observed in cells undergoing apoptosis. Moreover, tumor
necrosis factor receptor gene (Tnfrsf1b) was found to
be up-regulated. Tnfrs1b, a member of TNF receptor
superfamily, can complex with TNF receptor 1, and then
regulate anti-apoptosis proteins c-IAP1 and c-IAP2. The
role of c-IAP1 is to reinforce the apoptotic pathway
mediated by TNF. CpG DNA has been shown to activate
NF-κB and to induce the transcription of Bcl-XL. These
factors may synergize with DNA repair enzyme, DNAPK, to inhibit cell death at mucosal sites mediated by the
administration of CpG DNA[24]. Plasmid pcDNA3 can
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inhibit cell apoptosis, contributing to the generation of a
sustained immune response.
In a previous report, we found that oral administration
of foreign plasmid DNA can induce humoral and
cell-mediated immunity in mice [10]. In this report, we
demonstrated, probably for the first time, by microarray
that orally administered plasmid pcDNA3 can induce
global immune-related genes in vivo. The results showed
that a large number of immune genes were up-regulated,
while a few immune g enes were down-regulated.
MAPPFinder results also revealed that plasmid pcDNA3
induced a large number of immune-related processes. It
suggested that oral administration of plasmid pcDNA3,
which is considered a foreign immune stimulator, sharply
up-regulated immune gene in the spleen. Interestingly, we
found that the immune genes induced at 4 h were more
than those at 18 h, indicating that foreign plasmid-induced
immune genes expressions mainly take place at the early
stage and the induction become weaker gradually.
It can be considered that foreign plasmid pcDNA3
acts as “danger signal” recognized by host innate immune
system via the gastrointestinal tract. The immunostimulatory plasmid pcDNA3 has been ascribed to
unmethylated CpG motif on its skeletal. Because CpG
motifs are abundant in bacterial and viral genomes, they
have been suggested as a common recognition structure,
triggering cells of the vertebrate immune system [25-30].
Foreign plasmid DNA could be incompletely degraded
in the gastrointestinal tract. It has been reported that
foreign DNA (M13, plasmid) can be absorbed by the
gastrointestinal tract in a rapid process [11] . Foreign
DNA fragment remaining in the intestinal tract could
potentially be absorbed through the intestinal digesta
either directly by epithelial cells or by antigen-presenting
cells of the immune system. Part of orally administered
plasmid possibly passes through the mucosal barrier and
enters systemically through the blood stream to the liver
and spleen, where immune responses are stimulated.
Foreign DNA in the peripheral blood and spleen was
predominantly present in leukocytes, perhaps because
of their defense functions. The leukocytes carrying the
foreign DNA had possibly migrated from the Peyer’s
patches in the gut wall to the bloodstream and spleen[11].
It is suggested that most of foreign DNA would be
phagocytised by tissue macrophages, dendritic cells
or other terminally differentiated phagocytes of the
immune system[31] . Regardless of the mechanism, orally
administered foreign plasmid pDNA53 can up-regulate
substantially immune gene expression in the spleen. These
results provide us with a systematic and comprehensive
insight into the mechanism of uptake and consequences of
foreign plasmid pDNA3 administered via the gastrointestinal
tract and also provide key clues for gene therapy and DNA
vaccine.

COMMENTS
comments
Background

The gastrointestinal tract is the main portal of entry of foreign DNA into organisms.
Foreign plasmid can be absorbed by gastrointestinal tract and distribute in different
tissues quickly, surviving in fragment form. The effect of foreign DNA ingested via
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the gastrointestinal tract on the organism system has hardly been investigated.
Aside from its function of encoding the genetic material, DNA can have direct
immune-stimulatory effects. It will be interesting to investigate the mechanism
of immune response and immune-related activated pathway induced by foreign
plasmid DNA in vivo via the gastrointestinal tract.

Research frontiers

In previous studies, the DNA of bacteriophage M13 and plasmid vector have been
shown to persist in fragmented form in minute amounts in different parts of the
gastrointestinal tract and to gain access to cells of the intestinal wall, to the Peyer’s
patches, to peripheral white blood cells, and to cells in the spleen and liver.
Furthermore, food-ingested DNA can transgress the placental barrier in pregnant
mice, but only a few cells take up the foreign DNA. Apparently, the gastrointestinal
tract is not an absolute barrier against the uptake of macromolecules, such as
foreign DNA.

Innovations and breakthroughs

With the advent of DNA microarray technology, simultaneous monitoring of the
transcriptional levels of thousands of genes in a genome has become possible. We
employed Affymetrix array technology to characterize immune gene expression
profile in the spleen after oral administration of foreign plasmid pcDNA3 in mice. It
provides new insight into the overall cellular and molecular consequence of foreign
DNA absorbed via the gastrointestinal tract in the mammal systems.

Applications

Foreign plasmid pDNA3 given orally can up-regulate substantial immune
genes expression in the spleen. These results provide us with a systematic and
comprehensive insight into the mechanism of uptake and consequences of foreign
plasmid pDNA3 administered via the gastrointestinal tract and also provide key
clues for gene therapy and DNA vaccine.

Peer review

This is an interesting manuscript showing that oral administration of foreign DNA
alters gene expression in mice. An up-regulation of more than 100 immune-related
genes and a down-regulation of immunoglobulin genes were observed.
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INTRODUCTION
Abstract
AIM: To clarify the relationship between the change of
serum amylase level and post-ERCP pancreatitis.
METHODS: Between January 1999 and December
2002, 1291 ERCP-related procedures were performed.
Serum amylase concentrations were measured before
the procedure and 3, 6, and 24 h afterward. The
frequency and severity of post-ERCP pancreatitis and the
relationship between these phenomena and the change
in amylase level were estimated.
RESULTS: Post-ERCP pancreatitis occurred in 47
patients (3.6%). Pancreatitis occurred in 1% of patients
with normal amylase levels 3 h after ERCP, and in 1%,
5%, 20%, 31% and 39% of patients with amylase levels
elevated 1-2 times, 2-3 times, 3-5 times, 5-10 times and
over 10 times the upper normal limit at 3 h after ERCP,
respectively (level < 2 times vs ≥ 2 times, P < 0.001).
Of the 143 patients with levels higher than the normal
limit at 3 h after ERCP followed by elevation at 6 h,
pancreatitis occurred in 26%. In contrast, pancreatitis
occurred in 9% of 45 patients with a level higher than
two times the normal limit at 3 h after ERCP followed by
a decrease at 6 h (26% vs 9%, P < 0.05).
CONCLUSION: Post-ERCP pancreatitis is frequently
associated with an increase in serum amylase level
greater than twice the normal limit at 3 h after ERCP
with an elevation at 6 h. A decrease in amylase level at
6 h after ERCP suggests the unlikelihood of development
of post-ERCP pancreatitis.
© 2007 WJG . All rights reserved.

Key words: Acute pancreatitis; Endoscopic retrograde
cholangiopancreatography; Serum amylase

Pa n c r e a t i t i s r e m a i n s a m a j o r c o m p l i c a t i o n a f te r
endoscopic retrograde cholangiopancreatography (ERCP)
with a prevalence of 2%-9% [1-4] . Young age, female
gender, difficulty in bile duct cannulation, pancreatic
sphincterotomy, and sphincter of Oddi dysfunction have
been found to be risk factors [1-3]. Although pancreatic
stent placement and drug administration have been
reported as being useful in preventing post-ERCP
pancreatitis, it is difficult to completely prevent this
particular complication [5-16]. Serum amylase and lipase
levels are regarded as useful markers for early diagnosis
of pancreatitis [17-21]. However, detailed description of
the change in serum amylase level after ERCP is lacking.
Furthermore, the possibility of predicting the development
of post-ERCP pancreatitis based on the pattern of change
in serum amylase level has not been well clarified.

MATERIALS AND METHODS
Patients who underwent ERCP-related procedures in
Sendai City Medical Center, Japan between January
1999 and December 2002 were included in this study.
Those who had previously underg one endoscopic
sphincterotomy, papillary balloon dilatation or who had
hyperamylasemia were excluded from the final analysis.
After obtaining written informed consent, serum amylase
concentrations were measured before the procedure and 3,
6, and 24 h afterward using a colorimetry method (H7250:
Hitachi Co., Tokyo, Japan) or a dry chemistry method
(Ortho VITROS 250: Johnson & Johnson Ltd., NY, USA).
The reference range for the amylase was 54-168 IU/L.
Clinical evaluations of symptoms (abdominal pain, nausea,
etc.) and physical finding (abdominal tenderness) were
performed. The frequency and severity of post-ERCP
pancreatitis and the relationship between these phenomena
and the change in serum amylase level were prospectively
estimated. Pancreatic pain was defined as epigastric or
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Table 1 Characteristics and diagnosis of the patients

Table 2 Risk factors of post-ERCP pancreatitis

Parameters

			
			

No. of patients (n)
Mean age (yr, range)
Male:female
Pancreatic duct opacification
Difficult bile duct cannulation
Intraductal ultrasonography
Biliary sphincterotomy
Biliary stent placement
Papillary balloon dilatation
Cytology of the bile/pancreatic juice
Biopsy of the bile/pancreatic duct
Gallbladder stone
Choledocholithiasis
Cholangiocarcinoma
Pancreatic cancer
Intraductal papillary mucinous neoplasm
Ampullary cancer
Pancreaticobiliary maljunction

Results
1291
64 (12-96)
738:553
875 (68%)
107 (8%)
266 (20)
270 (20%)
60 (112%)
50 (3.8%)
53 (4.1%)
78 (6.0%)
488 (38%)
313 (24%)
75 (6%)
73 (6%)
63 (4%)
23 (2%)
20 (2%)

  Number 28

Pancreatitis (+) Pancreatitis (-) P
(n = 47)
(n = 1244)

Male:female
Pancreatic duct opacification
Difficult bile duct cannulation
Intraductal ultrasonography
Biliary sphincterotomy
Biliary stent placement
Biliary stent placement without sphx1
Papillary balloon dilatation
Cytology of the bile/pancreatic juice
Biopsy of the bile/pancreatic duct

31:16
37 (78%)
7 (14%)
13 (28%)
12 (26%)
10 (21%)
5 (10%)
4 (8%)
4 (8%)
2 (4%)

707:537
838 (67%)
100 (8%)
253 (20%)
258 (20%)
150 (12%)
42 (3%)
46 (4%)
49 (3.9%)
76 (6%)

0.21
0.10
0.09
0.22
0.42
0.06
0.026
0.20
0.12
0.60

Gallbladder stone
Choledocholithiasis
Cholangiocarcinoma
Pancreatic cancer
Intraductal papillary mucinous neoplasm
Ampullary cancer
Pancreaticobiliary maljunction

15 (32%)
15 (32%)
5 (10%)
3 (6%)
5 (10%)
0
0

433 (34%)
298 (24%)
70 (6%)
70 (6%)
58 (4%)
23 (2%)
20 (2%)

0.68
0.21
0.14
0.92
0.12
0.70
0.78

1

Sphx: sphincterotomy.

back pain newly developed after the procedure. This study
was approved by the Institutional Review Board of Sendai
City Medical Center.
Endoscopic procedures
ERCP-related procedures were carried out in a standard
fashion by using a side-viewing duodenoscope (JF200,
230, 240, TJF 200: Olympus Optical Co., Tokyo, Japan).
Additional procedures, such as intraductal ultrasonography
(IDUS), cytology of bile/pancreatic juice, transpapillary
biopsy of the bile duct/pancreatic duct, endoscopic
sphincterotomy, papillary balloon dilatation, pancreatic
sphincterotomy and biliary duct stenting, were performed
as necessary. An IDUS probe (XUM-G20-29R: Olympus
Optical Co., Tokyo, Japan) or a balloon catheter was
inserted with guidewire assistance without sphincterotomy.
All procedures were perfor med by operators with
experience in more than 1000 cases or under the
supervision of such experts.
Before endoscopic procedures, all patients were given
a standard premedication consisting of intravenously
administered pentazocine (7.5-15 mg) and diazepam (3-10
mg) or midazolam (3-10 mg), the dose depending on age
and tolerance. Patients fasted for a minimum of 24 h with
a drip infusion of 2 L after the procedure. They received
protease inhibitor (nafamostat mesilate, 20 mg/d) infusion,
which was started before the procedure, for 2 d and
antibiotics (sulbactam/cefoperazone, 2 g/d) infusion for
3 d. No patients underwent pancreatic stent placement for
prevention of pancreatitis.
Criteria for definition of post-ERCP pancreatitis
A diagnosis of post-ERCP pancreatitis was made based
on the presence of abdominal pain with an increase in
serum amylase level greater than the upper normal limit
at 24 h after the procedure. The severity of pancreatitis
was classified according to Cotton’s criteria as: mild if
additional hospitalization for 1-3 d was required; moderate
if additional hospitalization for 4-10 d was required; and
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severe if hospitalization for more than 10 d was needed, as
well as in cases of hemorrhagic pancreatitis, phlegmon, or
pseudocyst[4].
Statistical analysis
Fisher’s exact probability test, Student’s t test, and MannWhitney U test were used for statistical analyses where
appropriate. P value less than 0.05 was considered
statistically significant. Statistical analysis was performed
using StatMate Ⅲ (ATMS Co. Ltd., Tokyo, Japan).

RESULTS
The frequency of post-ERCP pancreatitis
Between January 1999 and December 2002, 1291 ERCPrelated procedures (839 for diagnostic purposes, 452 for
therapeutic ones) were performed. Table 1 depicts the
characteristics and diagnoses of the patients.
Post-ERCP pancreatitis occur red in 47 (3.6%)
patients (mild, 25 cases; moderate, 20; and severe, 2). No
procedure-related deaths occurred in any of the patients.
The evaluated risk factors of pancreatitis are shown in
Table 2. Univariate analysis showed one factor to be
significant: biliary stent placement without sphincterotomy
performed because of coagulopathy or severe illness. All
the patients who developed mild or moderate post-ERCP
pancreatitis improved with conservative therapy. One
patient who developed pancreatitis after stent placement
without sphincterotomy immediately improved after biliary
sphincterotomy was performed the next day.
There were two patients who developed severe
post-ERCP pancreatitis. One patient (61-year-old
male) underwent pancreatography and IDUS of the
bile duct without sphincterotomy in order to estimate
pancreatolithiasis and hilar cholangiocarcinoma.
Abdominal pain and high fever continued for 9 d after
the procedure. CT demonstrated a pseudocyst 4 cm
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Table 3 Correlation between the change in serum amylase level
and post-ERCP pancreatitis
Serum amylase		
values
> 10 times
5-10 times
3-5 times
2-3 times
1-2 times
≤ normal
b

6h

39% (12/31)
31% (14/45)
20% (10/49)
5% (3/63)
1% (3/217)
1% (5/886)

b

21%

0.7%b

44% (26/59)
18% (9/49)
8% (5/57)
5% (3/61)
1% (2/196)
0.2% (2/869)

59% (27/46)
38% (14/37)
6% (3/47)
6% (3/49)
0% (0/206)
0% (0/906)

49%d

0.5%d

6h

%

Sensitivity

PPV

Increased

85

15

Decreased

4

1

High
(> 2 times)

Increased

79

26

Decreased

9

9

Normal

High

6

6

Normal

4

0.2

Figure 1 Serum amylase change as a predictive factor of post-ERCP pancreatitis.
PPV: positive predictive value.

Table 4 Serum amylase level as a predictive factor of postERCP pancreatitis
Amylase level

3h

24 h

P < 0.001 vs 0.7%; dP < 0.001 vs 0.5%.

Time after ERCP

Amylasemia			
Time after ERCP

High
(total)

Pancreatitis rate

3h

3857

Sensitivity (%) PPV (%)

3h

> Upper normal limit
> 2 times
> 3 times
> 5 times
> 10 times

89
83
77
55
26

10
21
29
34
39

6h

> Upper normal limit
> 2 times
> 3 times
> 5 times
> 10 times

96
91
85
74
55

11
19
24
32
44

PPV: positive predictive value.

in diameter surrounding the pancreatic body. In the
other patient (51-year-old female), cholangiography
was attempted due to suspicion of choledocholithiasis.
Multiple pancreatic duct opacifications were performed,
but cannulation of the bile duct was unsuccessful. She
complained of abdominal pain and had a high fever after
the procedure, and CT showed a swollen pancreas and a
fluid collection surrounding the pancreas. Both of those
patients showed clinical improvement after intensive care
without the need for surgical treatment.
Correlation between the change in serum amylase level
and post-ERCP pancreatitis
Hyperamylasemia after the procedure was observed in 38%
(490 patients). Of these patients, the onset of an increase
in the level of amylase was seen in 83% (405 patients:
group 1) at 3 h, in 10% (51 patients: group 2) at 6 h, and in
6.9% (34 patients: group 3) at 24 h after ERCP. Of the 47
patients with post-ERCP pancreatitis, 42 (89%) belonged
to group 1, 3 (6%) to group 2, and 2 (4%) to group 3 (group
1 vs group 2 or 3, P < 0.05). The correlation between the
change in amylase level and pancreatitis is shown in Table 3.
The frequency of post-ERCP pancreatitis was closely
related to an increased degree of serum amylase level after
the procedure. There was a significant difference in the
frequency of pancreatitis between patients with an amylase
level more than three times the upper normal limit at
3 h after ERCP and those with an amylase level less than
three times the upper normal limit (21% vs 0.7%, P <
0.001). Furthermore, there was a significant difference in

frequency of pancreatitis between patients with an amylase
level more than five times the upper normal limit at 24 h
after ERCP and those with an amylase level less than five
times the upper normal limit (49% vs 0.5%, P < 0.001).
Of the 260 patients with an amylase level higher than
normal limit at 3 h after ERCP followed by an increase
at 6 h, 40 patients (15%) developed pancreatitis. On the
contrary, pancreatitis occurred in only 2 (1.4%) out of 145
patients with an amylase level higher than normal at 3 h
after ERCP followed by a decrease at 6 h (15% vs 1.4%,
P < 0.001). Of the 143 patients with a serum amylase level
higher than two times the normal limit at 3 h after ERCP
followed by an increase at 6 h, 37 patients (26%) developed
pancreatitis. On the contrary, pancreatitis occurred in only
4 (9%) out of 45 patients with an amylase level higher than
two times the normal limit at 3 h after ERCP followed by
a decrease at 6 h (26% vs 9%, P < 0.05).
Table 4 and Figure 1 show the sensitivity and positive
predictive value of the serum amylase level and its change
as predictive factors of post-ERCP pancreatitis. An
increase in serum amylase level at 3 h after ERCP followed
by elevation at 6 h had a sensitivity of 85% in predicting
post-ERCP pancreatitis. On the other hand, a decrease in
serum amylase level at 6 h had a positive predictive value
of only 1%. An increase in serum amylase level more
than two times the upper normal limit at 3 h after ERCP
followed by elevation at 6 h had a positive predictive value
of 26% for post-ERCP pancreatitis. An increase in serum
amylase level more than three times the upper normal
limit at 3 h after ERCP followed by elevation at 6 h had a
positive predictive value of 32% in predicting post-ERCP
pancreatitis.
Correlation between the change in serum amylase level
and severity of post-ERCP pancreatitis
Of the 47 patients with post-ERCP pancreatitis,
hyperamylasemia at 3 h after ERCP was observed in 42
(89%) cases. Elevation of amylase level at 3 h after ERCP
followed by an increase at 6 h occurred in 40 (85%) patients.
The mean serum amylase levels at 3 h, 6 h, and 24 h
after ERCP in the patients with post-ERCP pancreatitis
were 1305 ± 1293 IU/L, 2731 ± 2349 IU/L, and 2364
± 1746 IU/L, respectively. The correlation between the
change in serum amylase level and severity of post-ERCP
pancreatitis is shown in Figures 2 and 3. There was no
correlation between the two phenomena. The onset of
www.wjgnet.com
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Figure 2 Levels of serum amylase at 3 h in patients with post-ERCP pancreatitis.

Figure 3 The peak level of serum amylase in patients with post-ERCP pancreatitis.

pancreatic-type pain was observed at 0-3 h, 3-6 h, and
6-24 h in 14 (30%), 14 (30%), and 19 (40%) patients,
respectively.

sphincterotomy. Thus far, indications for pancreatic stent
placement remain controversial and unresolved.
Pharmacological prevention of post-ERCP pancreatitis
has been a debated question [9-16] . Administration of
gabexate mesilate (1 g, bid) has been reported to be
effective for preventing pancreatitis in a prospective
randomized controlled trial involving 418 patients [9];
the incidence of pancreatitis was reduced 8-old in the
treatment group as compared with the placebo group
(2% vs 16%). The need for long-term administration was
disadvantageous in terms of practical use in an outpatient
setting and cost effectiveness. Another study demonstrated
that a 6-h infusion of gabexate mesilate (500 mg) was of
equivalent efficacy compared with a 12-h infusion (1 g)[10].
Administration of somatostatin has also been considered
to be effective for preventing pancreatitis[11-14]. However, a
recent study by Andriulli et al[15] showed no beneficial effect
of gabexate mesilate (500 mg, qid) or somatostatin (750 μg,
qid), compared with a placebo group, administered
in high-risk patients. A major problem concerning
pharmacological studies for the prevention of post-ERCP
pancreatitis is inclusion of unselected patients with a low
risk of pancreatitis, thereby precluding adequate power to
show a statistically significant difference in the outcome
of the regimen. Another problem is that the frequency
of post-ERCP pancreatitis in control groups is different
in each study. Furthermore, the case population and/or
the definition of post-ERCP pancreatitis have also been
different in each trial.
Although several methods of preventing post-ERCP
pancreatitis may be effective, it is impossible to completely
prevent this particular complication[5-16]. Early recognition
of pancreatic damage after the procedure is indispensable.
Although clinical symptoms are reliable indicators of
pancreatic inflammation, in a reported study, about 30%
of the patients who developed post-ERCP pancreatitis
showed no clinical signs at 2 h after the procedure [17].
Our data also demonstrated similar results. Utility of
the measurement of serum amylase and lipase has been
reported for early diagnosis of pancreatitis [17-21]. Since
there are two types of serum amylase, i.e., the salivarytype and pancreas-type, the measurement of pancreatictype amylase would be more reliable for predicting post-

DISCUSSION
Post-ERCP pancreatitis remains the most common and
feared complication of ERCP with an incidence ranging
from 1.8% to 7.2%[1-4]. Several factors may be involved
independently or in combination in the development
of pancreatitis, such as mechanical injury from instrumentation of the pancreatic duct, hydrostatic injury from
over-injection, and chemical or allergic injury to contrast
medium. Young age, female gender, difficulty in bile
duct cannulation, pancreatic sphincterotomy, papillary
balloon dilatation, prior ERCP-induced pancreatitis, and
sphincter of Oddi dysfunction have been considered to
be risk factors for post-ERCP pancreatitis[1-3,22,23]. In our
study, biliary stent placement without sphincterotomy was
recognized as a risk factor for post-ERCP pancreatitis
by univariate analysis. A biliary stent placed without
sphincterotomy may occlude the common channel or
the pancreatic duct orifice, which may result in sphincter
trauma or elevation of the pressure in the pancreatic ductal
system followed by pancreatitis.
Although prevention of post-ERCP pancreatitis has
remained elusive for many years, various approaches
have been proposed in the past two decades. Pancreatic
stent placement and pharmacological treatment have
been reported as being effective for the prevention of
post-ERCP pancreatitis[5-16]. The efficacy of prophylactic
pancreatic stent placement has been established by several
prospective randomized controlled trials [5-8]. Tarnasky
et al [6] reported that pancreatic stent (5 Fr or 7 Fr in
diameter, 2 cm or 2.5 cm in length) placement reduced the
prevalence of post-ERCP pancreatitis from 26% to 7% in
patients with pancreatic sphincter hypertension who had
undergone biliary sphincterotomy. Fazel et al[7] reported
that pancreatic stenting (5 Fr, 2 cm or 5 Fr nasopancreatic
catheter) reduced the frequency of post-ERCP pancreatitis
from 28% to 5% in patients at high risk of this complication due to difficult cannulation, the performance of
sphincter of Oddi manometry, and/or the performance of
www.wjgnet.com
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ERCP pancreatitis. Unfortunately, the measurement of
the subtype of amylase or other pancreatic enzyme was
not available in our institution due budgetary limitations.
Testoni et al[18] concluded that the level of serum amylase
measured 4 h after endoscopic sphincterotomy was the
most reliable predictor of post-ERCP pancreatitis, as
more than two-thirds of cases of pancreatitis occurred
among the patients whose 4-h amylase level was higher
than five times the normal upper limit. Gottlieb et al[7]
found that a 2-h serum amylase level of less than 276 U/L
(normal: < 114 U/L) had a negative predictive value of
97% in predicting post-ERCP pancreatitis and proposed
an algorithm for discharge management after ERCP
that incorporated this finding. Many markers, however,
have a high negative predictive value in their prediction
because of low frequency of post-ERCP pancreatitis.
On the other hand, Testoni et al[24] indicated that pain at
24 h associated with amylase levels greater than 5 times
the normal upper limit is the most reliable indicator of
post-ERCP pancreatitis. Although serum amylase levels at
24 h after the procedure appear to be more sensitive than
those at the 2 h or 3 h, late recognition is less meaningful
since additional therapy for preventing pancreatitis should
be started early. There have been many reports describing
the sensitivity and specificity of serum amylase level for
predicting post-ERCP pancreatitis a certain point of time
(e.g., 4 or 24 h after the procedure)[18-20,24]. However, there
has been neither detailed description of the change in
serum amylase level after ERCP nor discussion of the
possibility that such change may be useful in predicting the
development of post-ERCP pancreatitis.
We prospectively evaluated the relationship between
the changes of serum amylase level and post-ERCP
pancreatitis in a large series of patients. Our study,
however, had several limitations. First, the consensus
definition of post-ERCP pancreatitis[4] was not applied in
this study. Second, the routine administration of protease
inhibitor might have influenced the frequency of postERCP pancreatitis, although its level was similar to that of
previously reported studies[1-4].
Despite these limitations, we consider our data to be
useful in the prediction of post-ERCP pancreatitis. The
frequency of post-ERCP pancreatitis was closely related
to an increased degree of serum amylase level at 3 h after
the procedure. Post-ERCP pancreatitis was found to be
associated with an increase in serum amylase level more
than two times the normal limit at 3 h after ERCP with
elevation at 6 h. Therefore, when hyperamylasemia (higher
than two times the normal upper limit) is observed at
3 h after ERCP, serum amylase concentration should be
measured at 6 h after the procedure. A decrease in serum
amylase level at 6 h after ERCP suggests the unlikelihood
of development of post-ERCP pancreatitis. As delay in the
start of treatment is occasionally fatal in the management
of patients with pancreatitis, it would appear to be prudent
to start treatment for post-ERCP pancreatitis based on
such data.
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INTRODUCTION
Abstract
AIM: To investigate the rate of complications of
endoscopic retrograde cholangio-pancreatography (ERCP)
performed immediately after endoscopic ultrasound fine
needle aspiration (EUS-FNA) in a large series of patients.
METHODS: Patients with the following conditions were
considered candidates for EUS-FNA and ERCP: diagnosis
of locally advanced or metastatic pancreatic lesion
not eligible for surgery, and patients with pancreatic
lesion of unknown nature causing jaundice. Data were
prospectively collected on the following parameters:
indication for FNA, EUS findings, pathological diagnosis,
procedure duration of EUS-FNA and combined EUS-FNA
and ERCP, and immediate and late complications.
RESULTS: From January 2004 to October 2006, 72
patients were deemed eligible for combined EUS and
ERCP. In 25/72 EUS-FNA was performed to obtain a
pathology diagnosis of lesions causing biliary obstruction,
and ERCP sequentially performed to drain the biliary
system. No immediate complications occurred except for
two mild bleeding episodes post sphincterotomy. No late
complications were recorded except for one patient who
experienced fever, promptly recovered with antibiotic
therapy.
CONCLUSION: Simultaneous approach appears to be
feasible and safe. When possible, this can be considered
the reference standard to avoid double sedation and
reduce duration of the procedure and hospital stay.
© 2007 WJG . All rights reserved.

Key words: Pancreatic mass; Endoscopic ultrasound fine
needle aspiration; Biliary stent; Jaundice; Endoscopic
therapy
Tarantino I, Barresi L, Di Pisa M, Traina M. Simultaneous

Endoscopic ultrasound fine needle aspiration (EUS-FNA)
is a proven method for diagnosis of pancreatic-biliary
lesions causing jaundice with an overall complication rate
of about 1% to 2%[1-4]. Endoscopic retrograde cholangiopancreatography (ERCP) is the most appropriate technique
for treatment of common bile duct stenosis due to benign
and malignant diseases; many published studies report
rates of complication of 5%-10%[5-9].
In some tertiary care centers, EUS-FNA and ERCP
are performed sequentially, in order to avoid a double
sedation and to reduce the procedure time and hospital
stay. Two reports were published showing the occurrence
of additional complications in patients undergoing ERCP
after EUS-FNA on pancreatic mass, without delay between
the two procedures[10,11]. No prospective studies or case
series confirmed these results.
This report shows the rate of complications of ERCP
done immediately after EUS-FNA in a large series of
patients.

MATERIALS AND METHODS
Patients
Patients with the following conditions were considered
candidates for EUS plus ERCP: a diagnosis of locally
advanced or metastatic pancreatic lesion considered not
eligible for surgery but candidate for palliative biliary
drainage and chemotherapy; a pancreatic lesion of
unknown nature causing jaundice, and finally, patients
showing signs of biliary obstruction of unknown origin
despite other imaging tests. For patients with advanced
pancreatic tumor and pancreatic lesions of unknown
nature EUS-FNA was planned to obtain a pathology
diagnosis (Figure 1).
Procedures
Two separate informed consents for EUS-FNA and
ERCP were obtained before the examination. Following
www.wjgnet.com
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Table 1 Indications for EUS-FNA and EUS findings

Pancreatic cancer
IPMT
Chronic pancreatitis
Choledochus lesion
Lymph node
Papilla Tumor
Total

Indication for EUS-FNA
17
1
1
4
1
1
25

EUS findings
14
1
4
4
1
1
25

Table 2 FNA results
Figure 1 EUS-FNA on pancreatic mass causing jaundice.
Pancreatic cancer
IPMT
Chronic pancreatitis
Choledochus lesion
Lymph node
Papilla Tumor

Tumor
12
1
0
2
0
1

Inflammation
0
0
4
2
1
0

Not satisfactory
2
0
0
0
0
0

Total
14
1
4
4
1
1

procedures, and rate of immediate (during the procedure
or within 24 h) and late complications (after 24 h, during
the follow-up).

RESULTS
Figure 2 ERCP with biliary plastic stent placement in patient with common bile
duct stenosis due to pancreatic mass.

our protocol for ERCP, coagulation tests and platelet
counts were checked before the procedure and all patients
received prophylactic antibiotics before the procedure.
The procedures were done under sedation with propofol
administered by an anesthesiologist.
All procedures were performed in the ERCP suite with
a dedicated endosonography processor system (EUS exera
EU-C60, Olympus America Corp.; Melville, N.Y). The
linear array echo-endoscope (GF UCT160-OL5, Olympus
America Corp.; Melville, N.Y) and 22G needle for FNA
(ECHO-1-22; Wilson Cook Medical, Inc, Winston-Salem,
NC) were used. Sample adequacy was assessed in the room
by a pathologist. After obtaining the sample, the ERCP,
sphincterotomy and stent placement were performed using
conventional techniques with either a TJF-140 or TJF-160
duodenoscope (Olympus America Corp, Melville, NY)
(Figure 2).
Amylase and lipase were checked at 6 and 12 h after
procedure. If no complications occurred the patient was
discharged after 24 h.
After discharge, patients underwent close follow up for
almost one week by our Nurse Coordinator and repeated
laboratory tests (CBC, bilirubin, transaminase and alkaline
phosphatase/γ-glutamyl transpeptidase levels) after one
week.
Data were prospectively collected on the following
parameters: indication for FNA, EUS findings, pathological
diagnosis, time required for EUS-FNA and for combined
www.wjgnet.com

From January 2004 to October 2006, 72 patients were
deemed eligible for combined EUS and ERCP. In only
25 of these patients, EUS-FNA was perfor med to
obtain a pathological diagnosis of lesions causing biliary
obstruction, and ERCP was sequentially performed to
drain the biliary system. In the remaining 37 patients, EUS
was done to assess the origin of the biliary obstruction,
but no FNAs were done.
Of the 25 patients undergoing EUS-FNA, 19 were
male and six female and the average age was 64.8 ± 14.5
(range 32-85) years. In 14/17 patients with suspected
pancreatic tumor, EUS confir med the diagnosis: in
the remaining three, EUS findings indicated chronic
pancreatitis. In the other cases, EUS findings confirmed
the diagnosis done with previous imaging tests: one IPMT
(intra-papillary mucinous tumor), one chronic pancreatitis,
four biliary lesions, one large peri-biliary lymph node,
and one tumor of the papilla invading the pancreatic
parenchyma (Table 1).
The pathology assessment was obtained in 23/25
FNAs. In two cases, samples were unsatisfactory for a
definitive diagnosis, both in patients with clear images of
pancreatic tumor (Table 2).
The average number of needle passes was two (range
one-three) based on sample adequacy evaluated in the
room by the pathologist.
The average time for EUS-FNA was 26.64 ± 9.31 (range
10-40) min and the total time for combined procedure was
58.6 ± 16.14 (range 30-91) min. Considering that in our
Center the average time of ERCP with stent placement is
about 45 min, the combined time of the two procedures
was less than that for the two procedures separately.
All ERCPs were completed with stent placement; one

Tarantino I� et al . EUS-FNA and ERCP

patient with pancreatic cancer needed pre-cut before stent
placement due a difficult canulation.
No biliary leakages were seen at cholangiography.
No immediate complications occurred except two mild
bleeding episodes post sphincterotomy, self limited and
not requiring any treatment.
Patients were strictly followed for almost one week after
discharge by our Nurse Coordinator. No complications
were recorded except for one patient who experienced
fever, promptly recovered with antibiotic therapy and did
not require hospitalization.

DISCUSSION
T he ERCP is the most appropriate technique for
treatment of common bile duct stenosis due to benign and
malignant diseases. However, it is associated with a rate of
complication of 5%-10%[5-9].
Extensive published data exists on the usefulness of
EUS-FNA to evaluate suspected pancreatic lesions, before
ERCP. In a series of 147 consecutive patients, the use of
EUS with FNA as the initial approach to patients with
obstructive jaundice, was studied by Erickson et al[2]. EUSFNA proved useful not only as a diagnostic and staging
modality, but also helped direct subsequent therapeutic
endoscopic retrog rade cholangiopancreatog raphy
(ERCP), saving approximately $1007 to $1313 per patient.
EUS has the distinct advantage of allowing patients to
undergo a therapeutic ERCP in the same setting. In 1998
Mergener et al[10] published a case of a 77-year old man
with pneumoperitoneum complicating ERCP performed
immediately after EUS-FNA on a peri-pancreatic lymph
node. The authors concluded that the pneumoperitoneum
probably resulted from insufflated air tracking through
the FNA site, during the ERCP. Another recent report,
by Di Matteo et al[11] shows two cases of biliary leakages
complicating ERCP done the same day as EUS-FNA on
lesions in the head of the pancreas. The authors discuss
the possibility of causing small and sub clinical bile duct
injury during FNA that could be aggravated by therapeutic
maneuvers in the bile duct during ERCP, done on the
same day. The present study series on 25 patients shows
that no additional complications occurred when the two
procedures were performed sequentially. Two mild post
sphincterotomy bleeding episodes occurred, as immediate
complications not requiring any treatment. The only late
complication was one episode of fever after discharge
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home, but the patient recovered with antibiotics and did
not require hospitalization.
In this series, the simultaneous approach EUS- FNA and
ERCP, appears to be feasible and safe, providing an accurate
diagnosis and, at the same time, an appropriate treatment of
biliary stenosis when needed. At present, in centers without
logistical difficulties, when the two procedures are indicated,
their consecutive use can be considered the reference
standard in order to avoid a double sedation and to reduce
the procedure time and hospital stay.
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Abstract
AIM: To review 11 patients with parasitic cysts of the
liver, who were treated by hepatic lobectomy using the
liver hanging maneuver (LHM).
METHODS: Between January 2003 and June 2006, we
retrospectively analyzed patients who underwent surgical
treatment due to parasitic cysts of the liver, at the Ege
University School of Medicine, Department of General
Surgery. Of these, the patients who underwent hepatic
lobectomy using the LHM were reviewed and evaluated
for surgical treatment outcome.
RESULTS: Over a three-year period, there were 102
patients who underwent surgical treatment for parasitic
cysts of the liver. Of these, 11 (10%) patients with
parasitic cysts of the liver underwent hepatic lobectomy
using the LHM. Presenting symptoms were abdominal
pain, dyspepsia, and cholangitis. Cyst locations were as
follows: right lobe filled with cyst, 7 (63%); segmental
location, 2 (18%); and multiple locations, 2 patients
(18%). All patients underwent hepatic lobectomy with
an anterior approach using the LHM. The intraoperative
blood transfusion requirement was one unit for 3
patients and two units for one patient. Postoperative
complications included pulmonary atelectasy (2, 18%)
and pleural effusion (2, 18%). No significant morbidity or
mortality was observed.
CONCLUSION: We concluded that hepatic lobectomy
using the LHM should be considered, not only for hepatic
tumors or donor hepatectomy, but also to treat parasitic
cysts of the liver.
© 2007 The WJG . All rights reserved.

Key words: Hydatic cyst; Hepatic lobectomy; Intraoperative
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INTRODUCTION
In 2001, Belgithi first described the liver hanging maneuver
(LHM) for right hepatectomy during donor operations in
living-related liver transplantation or for hepatic tumors.
However, it has been reported that this maneuver is also
quite proper for any other disorder of the liver, except for
donor hepatectomy and large hepatic tumors.
Complete excision of the cyst for patients with
parasitic cysts of the liver was first described in 1981[1,2].
Currently, the best surgical procedure for complicated
hydatic cysts of the liver is complete excision, including
hepatic lobectomy of the cyst as well. A successful
posterior approach, avoiding any complication, is quite
difficult and risky. Conventional procedures are particularly
chosen for parasitic cysts located in the right lobe of the
liver. However, large cysts are much more prone to invade
the vascular structures and diaphragm.
Can it be safer to perform hepatic lobectomy using
the LHM for complicated hydatic cysts of the liver? We
analyzed the results for patients who underwent hepatic
lobectomy for parasitic cysts of the liver using the LHM.

MATERIALS AND METHODS
Patients
Between January 2003 and July 2006, case records of 102
patients who underwent surgical treatment for hydatic
cysts of the liver at Ege University School of Medicine,
Department of General Surgery were retrospectively
reviewed. There were 53 females and 49 males with a mean
age of 52 (18-79) years. The diagnoses were as follows:
hydatic cyst of the liver (n = 94), recurrent hydatic cyst
(n = 4), alveolar cyst hydatic (n = 3), hydatic cyst of the
liver with accompanying lung cyst (n = 1). The mean
size of the cysts was 10 (4-27) cm and the most frequent
location was the right lobe (64 patients; 62%).
Methods
Eleven (10%) of these 102 patients underwent right
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Figure 1 CT image of the hydatic cyst and the hepatic transection line ending with
the vena cava inferior at the posterior (black curved line with a ring at the end).

hepatectomy using the LHM, whereas the remaining
were treated with different surgical procedures. Before
surgery, all patients were given mebendazole treatment (30
mg/kg per day) for four weeks. Data collection included
demographic variables, clinical presentation, location of
hydatic cysts, whether a relation with the diaphragm existed
or not, the method of the LHM that was performed, intraoperative blood supplement, duration of hospital stay
and postoperative complications. The anterior approach
procedure for right hepatectomy was performed by using
the LHM. With the last three patients, a bimanual “bifinger” LHM was performed[3]. This alternative technique
is performed without using any surgical instrument,
such as a clamp, but using fingers only. In the course of
retrohepatic tunnel dissection and insertion of the penrose
tape, the index fingers were used, giving the advantage
of feeling the accessory vascular constructions, which
offered less risk of vascular injury, considering both the
IVC and accessory hepatic veins (Figure 2). All patients
were routinely evaluated with intraoperative Doppler
ultrasonography (IOUS) to demonstrate the morphology
of cysts, vascular involvement, and relation with peripheral
tissue. The ultrasonographic features of the cysts were
assessed according to the classification of Gharbi et al[4].

RESULTS
Over a three-year period, 11 (10%) patients with parasitic
cysts of the liver, on whom a right hepatectomy was
performed, were identified. There were 6 females and 5
males with a mean age of 41.7 (23-59) years. There were 3
patients with alveolar hydatic cysts. In addition, only one
patient had a recurrent hydatic cyst for which cystotomy
and drainage was performed 10 years previously for a cyst
that was located in the right lobe of the liver. The mean
size of the cysts was 16.3 (13-24) cm and the location of
the cysts were as follows: multiple in the right lobe (n = 2),
segmental (n = 2) and with remains filling the right
lobe of the liver (n = 7). Abdominal pain and dyspeptic
problems were the most common presenting symptoms
in eight patients. One of the remaining two patients had
clinical symptoms of cholangitis and the other case was
asymptomatic. All serologic studies were found positive
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except for one. Laboratory findings showed elevated liver
function enzymes in two patients and mildly elevated
levels in three patients. USG and CT were performed on
all of the patients for preoperative evaluation (Figure 1).
In two cases, MR was needed for further evaluation. All
patients were also examined with chest radiography before
surgery to exclude any cyst located in the thoracic cavity.
The locations of the cysts and Gharbi’s classifications
are showed in Table 1. There was no typeⅠor type Ⅴ
cyst. All cysts were located in the liver and there was
no evidence of spread to the abdominal cavity. The
mean diameter of the cysts was 16.3 (10-24) cm. All
patients were submitted to surgical exploration through
a Mercedes-like incision. In all of the patients, except
for one, intraoperative observation revealed adhesions
between the right diaphragm and the liver. Adhesion of
the cyst to the adjacent tissue was demonstrated with
IOUS. In addition, the vascular relationship of the cyst
with the right hepatic vein and retrohepatic inferior vena
cava was evaluated. The vascular condition was as follows:
pushing the hepatic vein medially (3, 37%), occlusion of
the hepatic vein (4, 50%), and occlusion of the accessory
vein (5, 62%). In one patient, the cyst leaned on the
inferior vena cava in the caudal half. A right hepatectomy
using the LHM was performed on all patients, with
Belgithi’s technique[5] being used with eight patients and
the bimanual “bifinger” liver hanging maneuver, which was
explained in briefly in the method section (Figure 2), was
used with the last three patients. All patients underwent
right hepatectomy without any perforation of the cyst.
Three patients needed only one unit of blood transfusion,
and two units of blood transfusion were delivered to one
patient. Postoperative fever was experienced by 2 patients
(18%) due to pulmonary atelectasy and by 2 patients due
to pleural effusion. The mean hospital stay was 8.2 (4-15)
d. No postoperative surgical morbidity, such as bile leakage
or hemorrhage, and no mortality were observed.

DISCUSSION
Until now, conventional surgical methods, including
cystotomy and drainage, were used for the treatment
of hydatic cysts of the liver. Since the 1980s, many
surgical institutions have reported satisfying results with
hepatectomy for hydatic cysts, due to technical advances in
hepatobiliary surgery. The main concept of total cystectomy
and segmentectomy or lobectomy is the excision of the cyst
without perforation. By using this technique, the prevention
of perforation, as well as parasitic dissemination, which
is one of the likely complications, can be safely managed.
Performing parenchymal transaction, which is concordant
with segmental anatomy of the liver, decreases the risk
of postoperative bile leakage. Although total cystectomy
is the most common surgical technique in the advanced
hepatobiliary centers, conventional procedures are still
considered as the most proper approach, particularly for
large and complicated cysts that are located next to large
vascular structures. As we mentioned previously, IOUS may
provide adequate information about features of the cyst.
A complicated right lobe cyst is one of the indications
www.wjgnet.com
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Table 1 Demographic features and distribution of the cysts and operation types
Patient Sex
No.

Age
(yr)

Clinical
symptom

Type

Diameter
(cm)

Location

Gharbi’s
classification

Type of
LHM

BT

Postoperative
complication

BLHM
BLHM
BLHM
BLHM

1U
-

PA
-

BLHM
BBLHM
BLHM
BBLHM
BLHM
BLHM
BLHM

2U
1U
1U
-

PE
PE
PA
-

1
2
3
4

F
F
M
F

42
23
51
35

AP, D
Routine control
AP, D
Cholangitis

HC
Alveolar HC
HC
HC

13
10
16 (max)
14

RL fulled
Segmental
Multiple (RL)
RL fulled

Ⅲ

5
6
7
8
9
10
11

M
M
F
F
F
M
M

43
59
32
41
51
55
27

AP, D
AP, D
AP, D
AP, D
Cholangitis
AP, D
AP, D

HC
Alveolar HC
HC
Alveolar HC
HC1
HC
HC

17
24
18
16
17
22
13 (max)

RL fulled
RL fulled
RL fulled
Segmental
RL fulled
RL fulled
Multiple

Ⅱ

Ⅳ
Ⅲ

Ⅳ

Ⅲ
Ⅲ
Ⅳ

F: female; M: male; AP: abdominal pain; D: dyspepsia; HC: hydatic cyst; RL:right lobe; BLHM: Belgithi’s liver hanging maneuver; BBLHM: bimanual-bifinger
liver hanging maneuver; BT: blood transfusion; U:unit; PA:pulmonary atelectasy; PE: pulmonary effusion. 1Patient with recurrent HC.

Right lobe

Pernose tape

Left lobe

Figure 2 Intraoperative view of the last step of the hepatic transection and the
deep transection line (black dashed line).

Figure 3 Cystic invasions of both the abdominal wall and the diaphragm (white
arrow).

for total cystectomy. If we perform a posterior approach
for total cystectomy, a difficult dissection may easily
damage the diaphragm because of the tight adhesions
between the cyst and the diaphragm or abdominal wall
(Figure 3). Another problem, other than adhesions,
is rupture of the cyst and subsequent dissemination,
which is particularly a problem with large tumors[6]. The
patients with alveolar echinococcosis are more at risk
for both adhesions and dissemination. By using the liver
hanging maneuver, both dissemination and uncontrollable
hemorrhage during dissection of adhesions can be
avoided.
An anterior approach can also be dangerous because
of difficult outflow control and thus difficult homeostasis
when bleeding occurs in the deep crevice of the
parenchymal dissection[7]. Although the cases with hydatic
cyst are suitable for an anterior approach, the risks
explained above must be considered even for this benign
disease. After Belgithi et al[5] first described the avascular
space located in the midline of the anterior surface of
the retrohepatic IVC to perform the LHM, an anterior
approach could be managed safely. The last evaluation
with IOUS is very helpful in deciding whether an anterior
approach is convenient or not. Because the vascular
pattern of both IVC and the middle hepatic vein can be
demonstrated by IOUS, the surgeon may easily carry out

this type of surgery. In the case of observation of any
cystic adhesion to vascular patterns, an anterior approach
should be avoided.
Recently, although there were many reports about
the LHM, none included any information about using
this technique for patients with parasitic cysts of the
liver. In our study, the benefits of the LHM during
hepatectomy for the surgical treatment of hydatic cysts
were evaluated. According to the results of this initial
study, neither intraoperative complications, including
excessive hemorrhage, diaphragm injury, or cyst rupture,
nor postoperative complications, including bile leakage and
hemorrhage, were observed. Furthermore, no significant
postoperative complication and mortality were found.
However, one of the contraindications for the LHM
during surgical treatment of hydatic cysts is a closed
relation with IVC. Because invasion of the hydatic cyst to
the IVC may cause the cyst to rupture during retrohepatic
dissection, the LHM should be avoided to prevent a fatal
complication in these types of patients.
In conclusion, if a right hepatectomy is planned for a
large parasitic cyst of the liver, performing hepatectomy
using the LHM will be much safer and more useful.
It should be recognized that the experience of both
the surgeon and the institution are also important in
determining the outcome. We concluded that large
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parasitic cysts of the liver may be regarded as an indication
for hepatic lobectomy using the LHM, but a much larger
study is required to demonstrate the importance of this
surgical procedure for parasitic cysts of the liver.

3
4
5
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Abstract
AIM: To determine whether the telomerase activity is
related to the Microsatellite instability (MSI) genetic
pathway and whether it means a difference in the
survival.
METHODS: The population consisted of 97 colorectal
cancer patients. MSI determination was performed
in accordance with the NCI criteria using PCR and
Genescan. Telomerase activity was determined by
the TRAP-assay, an ELISA procedure based on the
amplification of telomeric repeat sequences.
RESULTS: 6.2% showed high MSI (MSI-H), 10.3%
showed low MSI (MSI-L) and 83.5% did not show
this alteration (MSS). Positive telomerase activity was
detected in 92.8% of the patients. 83.3% of MSI-H
tumors showed positive telomerase against 93.8% of
MSS tumors. In the overall survival analysis the absence
of telomerase activity conferred a better prognosis.
CONCLUSION: Previous works have shown that tumors
which develop via the MSI pathway present a better
prognosis. No link between telomerase activity and MSI
status is observed, although sample sizes are small.
Patients with telomerase negative tumors had better
overall survival than patients with telomerase positive
tumors.
© 2007 WJG . All rights reserved.

Key words: Microsatellite instability; Telomerase; Colorectal cancer; Prognosis
Vidaurreta M, Maestro ML, Rafael S, Veganzones S, Sanz-

www.wjgnet.com

Casla MT, Cerdán J, Arroyo M. Telomerase activity in
colorectal cancer, prognostic factor and implications in the
m���������������������������������������������������������
icrosatellite instability pathway. World J Gastroenterol
2007; 13(28): 3868-3872
http://www.wjgnet.com/1007-9327/13/3868.asp

INTRODUCTION
In colorectal tumorigenesis two different genetic pathways
have been described: the pathway of chromosomic
instability and the pathway of microsatellite instability
(MSI). The MSI is involved in 10%-15% of sporadic
colorectal cancers (CRC) and it is due to an alteration of
the DNA repair genes (MMR)[1].
These two genetic pathways give rise to two clinical
colorectal tumor phenotypes, which differ in the characteristics of the tumor and, probably, in its clinical evolution.
A high-frequency microsatellite instability (MSI-H) is associate dwith small insertions and deletions in repetitive
sequences (microsatellites)[2]. MSI-H tumors are characterized by diploidy, right-sided location, mucinous histologyand poor differentiation and this phenotype has been
associatedwith a better prognosis[2-4].
Another characteristic of neoplastic transformation is
uncontrolled cell proliferation. Telomeres are specialized
segments of highly repetitive DNA placed at the end of
chromosomes. They protect the end of the chromosome
from degradation, aberrant recombination and terminal
fusions. They also favour the binding of repair enzymes
with DNA ends[5].
Immortalised cells with an indefinite replication
potential show two mechanisms that maintain the length
of the telomere. The activity of the telomerase enzyme
is the most frequent mechanism of cell immortalisation
in neoplastic transformation, as is proven by the fact
that approximately 90% of tumor cells show telomerase
activity[5]. The telomerase enzyme is able to restore the
sequence of the telomere, and therefore, to elongate the
life of the cell, keeping its ability of multiplication and its
immortality.
The second mechanism is the ALT pathway (Alternative
Lengthening of Telomeres), based on homologous
recombination. Owed to a telomere-specific flaw in the
recombination, ALT cells critically recombine short
telomeres to maintain cell proliferation[6].
In colorectal cancer (CRC), different authors
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have found high percentages of telomerase activity
(80%-100%)[7-9]. At present, the clinical utility of drugs that
inhibit the telomerase activity is being investigated[10].
The objective of this study is to determine whether the
telomerase activity is related to the MSI genetic pathway in
colorectal tumorigenesis and whether it means a difference
in the survival of patients with sporadic CRC.

MATERIALS AND METHODS
Patients
The population of our study consisted of a total of
97 patients undergoing surgery for colorectal cancer
consecutively at the Hospital Clinico San Carlos in Madrid
(Spain) between March 2001 and April 2003. It was a
prospective cohort study. All the patients were operated on
by the same surgeon who performed radical oncological
surgery on the basis of the location of the tumor. The
surgery was defined as curative when there was no
evidence of macroscopic residual tumor after resection.
Following this criterion, a curative resection was performed
on 76 patients (78.4%) and in 21 patients (21.6%) the
primary tumor was resected as palliative treatment. Cases
of metachronic carcinoma, familial polyposis, patients with
a familial predisposition for hereditary nonpolyposis colon
cancer (HNPCC) and those with inflammatory bowel
disease were excluded from the study. None of the patients
had received neoadjuvant treatment. Informed consent was
obtained from each patient. The project was approved by
the clinical research and ethics committee of this hospital.
Patients’ follow-up was performed according to the
protocol designed by the present authors. The tumors were
staged according to Dukes’ classification. Proximal tumors
were defined as cecum through transverse colon; tumors
in the splenic flexure, descending and sigmoid colon were
defined as distal. 53.6% of the population were subjected
to adjuvant chemotherapy based on 5-fluorouracil (5-FU).
Sample processing
Tumor and non-tumor tissue samples were obtained during the surgical procedure and immediately immersed in
liquid nitrogen for storage in a freezer at -80℃ with RNA
later. The specimens were then independently examined
especially for this study by two pathologists, who confirmed the samples had over 80% tumor cells.
To perform the DNA extraction, tumor and non-tumor
samples were incubated overnight at 50℃ in a lysis buffer (10 mmol/L tris HCl, 1 mmol/L EDTA, 100 mmol/L
NaCl, 1% SDS and 500 µg/mL proteinase K). DNA was
then isolated with Phenol: chloroform, and precipitated
with ethanol.
Telomerase activity determination
Telomerase activity was determined in tumor specimens
by the TRAP-assay, an ELISA procedure based on the
amplification of telomeric repeat sequences[11�].
Frozen tissue specimens were homogenized in lysis
buffer. Telomerase activity was determined in serial dilutions (1/10, 1/100, 1/1000) of a cell extract containing
3-6 µg total protein. Alkaline phosphatase activity was

determined to check for possible protein degradation since
this protein is the most labile[12�]. All the protein extracts
showed similar activity levels of this enzyme.
RNA integrity was evaluated by agarose gel (1%)
electrophoresis in denaturing conditions.
Samples were amplified according to the procedure described by Kim et al[11�] in a final volume of 50 µL���������
. Sample
amplification was performed using specific primers labeled
with a biotin molecule at the 3' end and adjusting the PCR
conditions.
Telomerase activity was determined through the
amplification products by ELISA. The controls used
for the telomerase assay were immortalized kidney cells
(line 293) expressing telomerase (positive control) and a
sample of these cells treated with 1.25� µg of RNAse and
incubated for 10 min at 65℃ (negative control).
When analyzing the ELISA results, 0.25 OD was
taken as the maximum absorbance (A 450-A 690) possible
for the negative control, and an absorbance value above
1.5 OD was required for the positive control. Processed
tissue specimens showing an absorbance above 0.2 OD
were defined to be telomerase positive and those showing
absorbances under this value were taken to be telomerase
negative. Tumors showing a positive telomerase assay
result were then classed according to absorbance values as
showing: low (OD = 0.200-0.999), intermediate (OD =
1.000-1.999) or high (OD > 1.999) telomerase activity.
MSI determination
The DNA was amplified in a 25 µL final volume containing 100 ng of DNA, 200 µmol/L dNTP, 1-2 mmol/L
MgCl2, 350 nmol/L of each primer and 2 U of Taq Polymerase. The PCR conditions were as follows: 25-35 cycles
(95℃ for 30 s, 50-58℃ for 30 s depending on the marker
and 72℃ for 30 s). The primers used were BAT25, BAT26,
D17S250, D5S346 and D2S123 in accordance with the
NCI criteria[13�]. Each pair of primers was tagged with a
fluorochrome for later analysis (TIB MOLBIOL, Roche).
The size of the amplified products was determined
using an ABI 310 PRISM sequencer and analyzed using
Genescan and Genotyper software.
Statistical analysis
Q u a l i t a t ive va r i a b l e s we r e p r ov i d e d w i t h t h e i r
corresponding frequency distributions. Quantitative
variables were expressed as their mean, standard deviation
(SD) and range. Age was recoded into two groups
according to median age (71 years). Associations between
qualitative variables were evaluated using the χ2 test or
Fisher’s exact test when 25% of expected frequencies
fell below 5. The overall survival (OS) was estimated by
the Kaplan-Meier method and compared among groups
using Breslow’s exact test. The event in OS was defined as
deaths occurring as a consequence of the tumor, censuring
live patients and those dying of another cause. OS was
calculated as the time elapsed from the date of surgery
until death or last follow-up. The data were fitted to Cox’s
proportional risks regression model. The hazard ratio
(HR) was given with a 95% (CI 95%) confidence interval.
The variables included according to biological criteria
www.wjgnet.com
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Table 1 Relationship of telomerase activity and MSI with clinicopathological variables of the 97 patients with colorectal carcinoma n (%)
P

Variable
Sex
Age
Dukes
stage
Site
Colon site
Grade
Histological
type
Chemo
therapy

Men: 51 (52.6)
Female: 46 (47.4)
≥ 71 yr: 50 (51.5)
< 71 yr: 47 (48.5)
A+B: 47 (48.5)
C: 26 (26.8)
D: 24 (24.7)
Colon: 70 (72.2)
Rectum: 27 (27.8)
Proximal: 37 (52.8)
Distal: 33 (47.2)
Ⅰ: 56 (65.9)
Ⅱ + Ⅲ: 29 (34.1)
Adenocarcinoma: 87
(89.7)
Mucoid: 10 (10.3)
Yes: 52 (53.6)
No: 45 (46.4)

MSS
40 (78.4)
41 (89.1)
39 (78.0)
42 (89.4)
40 (85.1)
22 (84.6)
19 (79.2)
56 (80.0)
25 (92.6)

MSI-L
7 (13.7)
3 (6.5)
5 (10.0)
5 (10.6)
4 (8.5)
1 (3.8)
5 (20.8)
8 (11.4)
2 (7.4)

MSI-H
4 (7.8)
2 (4.3)
6 (12.6)
0 (0)
3 (6.4)
3 (11.5)
0 (0)
6 (8.6)
0 (0)

26 (70.3)
30 (92.6)
47 (83.9)
22 (75.9)
72 (82.8)
9 (90.0)

5 (13.5)
3 (9.1)
6 (10.7)
4 (13.8)
9 (10.3)
1 (10.0)

6 (16.2)
0 (0)
3 (5.4)
3 (10.3)
6 (6.9)
0 (0)

0.01

44 (84.6)
37 (82.2)

6 (11.5)
4 (8.9)

2 (3.8)
4 (8.9)

0.50

0.20
0.03
0.90

0.08

0.32
0.44

Telomerase

P

Positive
46 (90.2)
44 (95.7)
47 (94.0)
43 (91.5)
42 (89.4)
24 (92.3)
24 (100)
67 (95.7)
23 (85.2)

Negative
5 (9.8)
2 (4.3)
3 (6.0)
4 (8.5)
5 (10.6)
2 (7.7)
0 (0)
3 (4.3)
4 (14.8)

34 (91.9)
33 (100)
27 (93.1)
52 (92.9)
80 (92.0)
10 (100)

3 (8.1)
0 (0)
2 (6.9)
4 (7.1)
7 (8.0)
0 (0)

0.04

49 (94.2)
41 (91.1)

3 (5.8)
4 (8.9)

0.70

0.44
0.70
0.13

0.09

1.00
1.00

MSS: absence of microsatellite instability; MSI-L: low instability; MSI-H: high instability. Statistically significant: P < 0.05.

were sex, age, Dukes’ stage, tumor site, differentiation
grade, histological type, adjuvant chemotherapy, MSI
and telomerase. In each contrast, the null hypothesis
was rejected when the typeⅠerror was less than 0�����
.����
05.
All statistical tests were performed using SPSS v. 11.5
software.

RESULTS
A total of 97 patients diagnosed with colon adenocarcinoma
were analysed. 52.6% were male and 47.4% were female.
The mean age was of 69.8 ± 11.3��������������������������
(range 44-95) years, and
median 71.0 years. The median age was established as the
cutting point and 48.5% of the patients were below 71
years old. The clinicopathological variables of the study
population are shown in Table 1. 72.2% of the tumors
were located in the colon (37 in proximal colon and 33 in
distal colon) and 27.8% (27 patients) in the rectum. 10.3%
of the tumors were mucoid adenocarcinomas and the rest
(89.7%) were adenocarcinomas. The cell differentiation
grade could not be determined in 12 patients.
The study of the MSI and the telomerase activity
was carried out in 97 patients. 6.2% (6 patients) showed
high MSI (MSI-H), 10.3% (10 patients) showed low MSI
(MSI-L) and 83.5% (81 patients) did not show this alteration (MSS). Positive telomerase activity was detected in
92.8% of the patients (90 patients).
The relationship between the telomerase activity and
the MSI with the clinicopathological variables is shown
in Table 1. MSI was related to age and tumor location;
MSI-H was more frequent in patients older than 71 and
in patients with proximal colon tumors than in those with
distal colon or rectal tumors. The telomerase activity was
related to the Dukes’ stage. Patients at Stage A showed a
lower percentage of positivity than the ones at stages B,
C or D (P = 0.001). Tumors localized in colon showed a
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Table 2 Relationship between telomerase activity and MSI n (%)

MSS
MSI-L
MSI-H

Telomerase positive
76 (93.8)
9 (90.0)
5 (83.3)

Telomerase negative
5 (6.2)
1 (10.0)
1 (16.7)

P
0.89

higher percentage of positivity than the tumors localized
in the rectum (P = 0.09).
The relationship between the telomerase activity and
the MSI is shown in Table 2. 83.3% of MSI-H tumors
showed positive telomerase against 93.8% of MSS tumors
(P = 0.89).
Overall survival
The median follow-up period time in this study was 40
mo (3 years), with an interquartile range between 32 and
48 mo. In our population of patients the OS at 40 mo was
of 69.8%. All the survival analyses correspond with our
follow-up median. During the follow-up period 36 patients
died; 25 resulting from neoplasia.
The univariate analysis of the OS is shown in Table 3.
None of the patients with negative telomerase died during
the follow-up period (P = 0.04). In the stratified analysis
of the OS of the clinicopathological variables with respect
to the two studied genetic alterations, no significant differences were found in the different groups.
The stratifed analysis of OS of genetic determinations
is described in Table 4. In patients with positive telomerase
activity, the MSI does not establish significant differences
in OS (P = 0.99).
With respect to the adjuvant chemotherapy treatment,
when it was stratified by stages, no significant differences
were found between the group of treated patients and the
group of non-treated patients (data not included).
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Table 3 Univariate analysis OS
Variable

Table 4 OS analysis for telomerase activity stratified by MSI

OS (40 mo, %)

HR

1

95% CI

P

Sex

Men
Female

63
77

1.7

0.75-3.84

0.19

Age

≥ 71 yr

68
71

1.19

0.54-2.62

0.65

< 71 yr
Dukes stage A+B
C
D

95
83
5

Site

Colon
Rectum

70
67

Colon site

Proximal
Distal

67
74

Grade

Ⅰ

78
59
66
72
46
63
82
70
62
75

Ⅱ
Ⅲ

Histological
type
Chemo
therapy
MSI

Adenocarcinoma
Mucoid
Yes
No
MSS
MSI-L
MSI-H

Telomerase Positive
Negative

67

< 0.0001
3.4
0.63-18.90
48.08 11.03-209.5
0.73
1.16

0.50-2.70

1.23

0.47-3.24

0.84-4.94
1.19-11.58

1.88
2.06

0.66-5.55
0.82-5.18

1.11
0.77

0.33-3.74
0.10-5.77

Telomerase negative

OS (40 mo, %) P
68
0.99
60
66
100
100
100

MSS: absence of microsatellite instability; MSI-L: low instability; MSI-H: high
instability; OS: overall survival. Statistically significant: P < 0.05.

0.66
0.27

2.04
1.49

Telomerase positive

MSS
MSI-L
MSI-H
MSS
MSI-L
MSI-H

0.29
0.10
0.94

22.93 0.04-12.084 0.04

100

MSS: absence of microsatellite instability; MSI-L: low instability; MSI-H: high
instability; OS: overall survival; HR: hazard ratio; 95% CI: 95% confidence
interval. 1HR are adjusted for the variables of the table. Median follow-up
time: 40 mo. Cox analysis. Statistically significant: P < 0.05.

DISCUSSION
Two genetic pathways have been described for the neoplastic transformation in sporadic colorectal cancer. In our
study population, 6.2% develops through MSI. We have
already explained the involvement of repairing genes alteration in this pathway and mainly the hMLH1 promoter
methylation[14�]. Independently of the genetic pathway involved in the tumorigenesis, the tumor cell has to restore
its proliferative ability and avoid senescence. Activation of
telomerase enzyme to maintain the telomeres length has
been frequently found in tumor cells.
Our study showed positive telomerase activity in 92.8%
of tumors. This activity is more frequent in the chromosome instability pathway than in the MSI pathway. Telomerase positive percentage in MSI-H group (83.3%) is lower
than in MSS group (93.8%), although this relationship is
not statistically significant (P = 0.89), probably due to the
reduced population size. These results could suggest the
non dependence of the MSI tumor of telomerase activity
to maintain their proliferative ability and are coincident
with the results obtained by Unate et al[15�].
Although the telomerase activity is the most frequent
mechanism for the telomeres lengthening in the neoplastic
transformation, a second mechanism has been described, it
is the ALT pathway. In cells that have the ALT mechanism
activated, recombination can occur in telomeres and this
way the cell proliferation is maintained[16�]. The machinery
involved in this pathway is not known in detail but it is
thought that recombination of telomere repeated sequences can be the mechanism underlying telomeres stabilization

in absence of telomerase activity[17�].
MMR proteins inhibit recombination between nonmatching sequences. This is the reason why, in case of
MMR system failure, recombination between diverged
sequences is increased[18�]. Rizki et al[19�] demonstrated that
the loss of mismatch-repair function promotes cellular
proliferation in the absence of telomerase. This would corroborate the relationship between MSI and MMR defects
and the no dependence of the telomerase activity.
Landen et al[20�] observed a lower frequency of telomerase activity as a mechanism to avoid senescence in MSI-H
ovarian tumors and they hypothesized the presence, in
this kind of tumors, of an alternative mechanism for the
maintenance of the telomeres’ length. Bechter et al[21�] demonstrated telomerase activity inhibition and ALT pathway
activation in colon cancer cell lines when there were mutations in the MMR system.
This association between the non-telomerase-dependent cell proliferation and the presence of MSI-H can
be related to the alteration of MMR genes. It has been
demonstrated that MSH2 and MSH3 act together with the
Rad1-Rad10 endonucleases complex avoiding non-homologous recombination[22]. In the ALT pathway, recombination seems to be increased and when the MMR system
is undamaged it can prevent this mechanism. This is the
reason why the loss of MMR system function could allow
telomeres lengthening, even when there is no telomerase
activity[20].
However, Cerone et al[23�] showed some evidences which
suggest that some tumors can have the ALT pathway activated although they show telomerase activity. This would
mean that these mechanisms are not mutually exclusive,
and they can coexist in the same cell.
It has been established that ALT cells show lower tumorigenic potential than cells with telomerase activity[24�].
Bechter et al[21�] observed that, at least in cell lines, the ALT
pathway is not able to replace telomerase function in neoplastic proliferation and in its metastatic potential.
It has been demonstrated that MSI tumors show a better prognosis in sporadic CRC[14�]. Previous studies showed
that OS of those patients with no telomerase activity
reaches the level of 100%[25�]. These results are coincident
with the ones published by Tatsumoto et al[7�] who observed
a lower OS when the activity of this enzyme was high.
Previous works have shown that tumors which
develop via the MSI pathway present a better prognosis.
Furthermore, if instead of using telomerase activity to
www.wjgnet.com
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maintain cell proliferation in these tumors, they use the
alternative ALT mechanism, which shows less tumorigenic
potential, this could improve significantly the patients’
prognosis. These genetic events, MSI and ALT, show
low frequency in sporadic CRC, for this reason larger
population size studies are needed to demonstrate its
association and its influence in the outcome.

13

14

REFERENCES
1
2

3

4

5
6
7

8

9

10
11

12

Thibodeau SN, Bren G, Schaid D. Microsatellite instability in
cancer of the proximal colon. Science 1993; 260: 816-819
Gryfe R, Kim H, Hsieh ET, Aronson MD, Holowaty EJ, Bull
SB, Redston M, Gallinger S. Tumor microsatellite instability
and clinical outcome in young patients with colorectal cancer.
N Engl J Med 2000; 342: 69-77
Wright CM, Dent OF, Barker M, Newland RC, Chapuis PH,
Bokey EL, Young JP, Leggett BA, Jass JR, Macdonald GA.
Prognostic significance of extensive microsatellite instability
in sporadic clinicopathological stage C colorectal cancer. Br J
Surg 2000; 87: 1197-1020
Samowitz WS, Sweeney C, Herrick J, Albertsen H, Levin
TR, Murtaugh MA, Wolff RK, Slattery ML. Poor survival
associated with the BRAF V600E mutation in microsatellitestable colon cancers. Cancer Res 2005; 65: 6063-6069
Shay JW, Bacchetti S. A survey of telomerase activity in
human cancer. Eur J Cancer 1997; 33: 787-789
Dunham MA, Neumann AA, Fasching CL, Reddel RR.
Telomere maintenance by recombination in human cells. Nat
Genet 2000; 26: 447-450
Tatsumoto N, Hiyama E, Murakami Y, Imamura Y, Shay
JW, Matsuura Y, Yokoyama T. High telomerase activity is
an independent prognostic indicator of poor outcome in
colorectal cancer. Clin Cancer Res 2000; 6: 2696-2701
Shoji Y, Yoshinaga K, Inoue A, Iwasaki A, Sugihara K.
Quantification of telomerase activity in sporadic colorectal
carcinoma: association with tumor growth and venous
invasion. Cancer 2000; 88: 1304-1309
Kawanishi-Tabata R, Lopez F, Fratantonio S, Kim N,
Goldblum J, Tubbs R, Elson P, Lavery I, Bukowski RM,
Ganapathi R, Ganapathi MK. Telomerase activity in stage II
colorectal carcinoma. Cancer 2002; 95: 1834-1839
Ulaner GA. Telomere maintenance in clinical medicine. Am J
Med 2004; 117: 262-269
Kim NW, Piatyszek MA, Prowse KR, Harley CB, West
MD, Ho PL, Coviello GM, Wright WE, Weinrich SL, Shay
JW. Specific association of human telomerase activity with
immortal cells and cancer. Science 1994; 266: 2011-2015
Mehle C, Piatyszek MA, Ljungberg B, Shay JW, Roos G.

15

16

17
18
19
20
21

22

23
24

25

July 28, 2007

Volume 13

Telomerase activity in human renal cell carcinoma. Oncogene
1996; 13: 161-166
Boland CR, Thibodeau SN, Hamilton SR, Sidransky D,
Eshleman JR, Burt RW, Meltzer SJ, Rodriguez-Bigas MA,
Fodde R, Ranzani GN, Srivastava S. A National Cancer
Institute Workshop on Microsatellite Instability for cancer
detection and familial predisposition: development of
international criteria for the determination of microsatellite
instability in colorectal cancer. Cancer Res 1998; 58: 5248-5257
Maestro ML, Vidaurreta M, Sanz-Casla MT, Rafael S,
Veganzones S, Martinez A, Aguilera C, Herranz MD, Cerdan
J, Arroyo M. Role of the BRAF mutations in the microsatellite
instability genetic pathway in sporadic colorectal cancer. Ann
Surg Oncol 2007; 14: 1229-1236
Unate H, Ikeguchi M, Kaibara N, Okamura D, Nishihara S,
Katoh M, Oshimura M. Telomerase activity and microsatellite
instability in colorectal cancer and adenoma. Int J Oncol 1998;
13: 1223-1228
Bryan TM, Englezou A, Dalla-Pozza L, Dunham MA, Reddel
RR. Evidence for an alternative mechanism for maintaining
telomere length in human tumors and tumor-derived cell
lines. Nat Med 1997; 3: 1271-1274
Reddel RR. Alternative lengthening of telomeres, telomerase,
and cancer. Cancer Lett 2003; 194: 155-162
Elliott B, Jasin M. Repair of double-strand breaks by
homologous recombination in mismatch repair-defective
mammalian cells. Mol Cell Biol 2001; 21: 2671-2682
Rizki A, Lundblad V. Defects in mismatch repair promote
telomerase-independent proliferation. Nature 2001; 411:
713-716
Landen CN, Klingelhutz A, Coffin JE, Sorosky JI, Sood AK.
Genomic instability is associated with lack of telomerase
activation in ovarian cancer. Cancer Biol Ther 2004; 3: 1250-1253
Bechter OE, Zou Y, Walker W, Wright WE, Shay JW.
Telomeric recombination in mismatch repair deficient human
colon cancer cells after telomerase inhibition. Cancer Res 2004;
64: 3444-3451
Fishman-Lobell J, Haber JE. Removal of nonhomologous
DNA ends in double-strand break recombination: the role
of the yeast ultraviolet repair gene RAD1. Science 1992; 258:
480-484
Cerone MA, Londono-Vallejo JA, Bacchetti S. Telomere
maintenance by telomerase and by recombination can coexist
in human cells. Hum Mol Genet 2001; 10: 1945-1952
Stewart SA, Hahn WC, O'Connor BF, Banner EN, Lundberg
AS, Modha P, Mizuno H, Brooks MW, Fleming M, Zimonjic
DB, Popescu NC, Weinberg RA. Telomerase contributes to
tumorigenesis by a telomere length-independent mechanism.
Proc Natl Acad Sci USA 2002; 99: 12606-12611
Sanz-Casla MT, Vidaurreta M, Sanchez-Rueda D, Maestro
ML, Arroyo M, Cerdan FJ. Telomerase activity as a prognostic
factor in colorectal cancer. Onkologie 2005; 28: 553-557
S-Editor Zhu LH L- Editor Alpini GD����

www.wjgnet.com

  Number 28

E- Editor Wang HF

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

World J Gastroenterol 2007 July 28; 13(28): 3873-3877
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

RAPID COMMUNICATION

Increasing prevalence of advanced colonic polyps in young
patients undergoing colonoscopy in a referral academic
hospital in Hong Kong
Tze Jui Lam, Benjamin CY Wong, Chris JJ Mulder, A Salvador Peña, Wai Mo Hui, Shiu Kum Lam,
Annie On On Chan
Tze Jui Lam, Chris JJ Mulder, A Salvador Peña, Department
of Gastroenterology, VU University Medical Centre, Amsterdam,
The Netherlands
A Salvador Peña, Department of Pathology, VU University
Medical Centre, Amsterdam, The Netherlands
Benjamin CY Wong, Wai Mo Hui, Shiu Kum Lam, Annie On
On Chan, Department of Medicine, University of Hong Kong,
Hong Kong, China
Correspondence to: Annie On On Chan, MD, PhD, Associate
Professor, Director, Endoscopy Unit, Department of Medicine,
The University of Hong Kong, Queen Mary Hospital, Pokfulam,
Hong Kong, China. aoochan@hkucc.hku.hk
Telephone: +85-2-28555414 Fax: +85-2-28555411
Received: 2007-02-08
Accepted: 2007-03-08

Abstract
AIM: To investigate the distribution and frequency of
advanced polyps over eight years.
METHODS: 6424 colonoscopies were reviewed during
the study period 1998 to 2005. The study period was
subdivided into period Ⅰ: 1998 to 2001 and period Ⅱ:
2002-2005.
RESULTS: 1856 polyps (33% advanced polyps) and 328
CRCs were detected. The mean ages of the patients with
advanced polyps and cancer were 69.2 ± 12.0 and 71.6 ±
13.8 years, respectively. Advanced polyps were mainly left
sided (59.5%). Advanced polyps were found in patients
≤ 60 years from 17.7% in periodⅠ to 26.3% in period Ⅱ
(P < 0.05), especially in male subjects ≤ 60 years (21.6%
vs 31.6%, P < 0.05). Advanced tubulovillous polyps rose
from 21.5% in period Ⅰ to 29.5% in period Ⅱ (P < 0.05).
Whereas cancers in male patients ≤ 60 years were similar
in both periods: 23.2% vs 16.5% (P > 0.05).
CONCLUSION: Advanced polyps increased significantly
in the younger male group in the most recent period and
there seems to be a shift towards a proximal location.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies in the world. In Hong Kong, CRC is
ranked as the second most common cancer regarding the
incidence in men and women, whereas the mortality of
colorectal cancer has a second position in women and
third position in men[1].
A change in the epidemiolog y of CRC has been
observed in the past decades. Firstly, there was proximal
shift of CRC, reported by Axtell and Chiazze [2] and
then confirmed by other studies [3-7] . Secondly, there
was a change in the mean age of onset of CRC. While
studies from western countries showed that CRC were
increasing in young adults[8], studies from China[9], and in
Japan[10] showed that the mean age of onset of CRC were
increasing.
It is widely recognized that the majority of CRC arise
from neoplastic polyps[11-14]. The concept of an adenomacarcinoma sequence has been supported by pathological[15],
molecular genetic[16,17] and cell biological[18] findings. In
addition, it has been demonstrated that colonoscopic
removal of adenomatous polyps was effective in reducing
the incidence of CRC[19].
The prevalence of advanced polyps in Hong Kong is
12.5%[20]. This is quite a high prevalence when compared
with other studies of the Chinese population. In Taiwan,
Cheng et al[21] reported an advanced polyps’ prevalence of
1.3%, and Soon et al[22] a prevalence of 4.0%.
We aimed at investigating the change of distribution
and the mean age of onset of colorectal polyps, if any,
over the past eight years in a regional hospital. The study
has implication in the future planning of screening
strategies.

Key words: Colonic polyps; Colonoscopy; Chinese
Lam TJ, Wong BCY, Mulder CJJ, Peña AS, Hui WM, Lam
SK, Chan AOO. Increasing prevalence of advanced

MATERIALS AND METHODS
During the study period of January 1998 - July 2005, data
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Figure 1 Indications of colonoscopies where polyps were found over the 8 year
study period.

was collected retrospectively from all colonoscopy reports
made at the Queen Mary Hospital, Hong Kong. Queen
Mary with its 1400 beds, is a teaching hospital of the
medical school of the University of Hong Kong.
The data included the patient’s sex and age at the time
of endoscopic examination. The size, location and the
histology of each polyp were also recorded. Patients with
personal or family history of colorectal cancer or polyps
were not excluded in this study.
A polyp was defined as advanced if it was ≥ 10 mm
in diameter, with a villous component, or had moderate
to severe dysplasia. Invasive cancer was excluded in the
definition. In this study polyps were considered right sided
if they occurred at or proximal to the splenic flexure and
left-sided if they occurred distal to the splenic flexure.
Statistical analysis
All the polyps were divided into two groups based on the
year of the examination: period Ⅰ was from 1998 to 2001;
period Ⅱ from 2002 to 2005. Chi-square test (Fisher’s
Exact Test) was performed to compare the proportions.
All P-values were two-tailed and statistical significance
was taken as a P-value of less than 0.05. Analyses were
performed with the statistical software SPSS version 11.0.

RESULTS
From January 1998 through July 2005, 6424 colonoscopies
were performed. The indications for colonoscopy where
polyps were found, were screening (24.5% and 49.2%
respectively in period Ⅰand period Ⅱ, P < 0.001), anemia
(22.0% vs 14.8%, P < 0.001), bleeding per rectum (14.3%
vs 8.7%, P < 0.05), altered bowel habits (9.3% vs 4.7%, P <
0.001), diarrhea (8.0% vs 5.0%, P < 0.05) and others (22.0%
vs 17.6%, P > 0.05). Figure 1 examines the indications for
the colonoscopies by year. Despite the increased screening
program in period Ⅱ, the male to female ratio and the age
of the population that has been screened stayed the same
in both periods.
In total, 1856 polyps were detected in 1064 colonoscopies from 880 patients. The prevalence of polyps was
www.wjgnet.com
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higher in male subjects (63.5%). The mean age of the
study population with polyps was 67 ± 12 (range 20-96)
years. Polyps were mainly left sided (58.1%). Table 1
shows the histology of the polyps.
Among the 1856 polyps, 613 (33.0%) were advanced
polyps from 376 patients in 440 colonoscopies. The mean
age of the study population with advanced polyps was 69
± 12 (range 22-91) years (Figure 2). The prevalence of
polyps was also higher in male subjects (63%) The mean
age of the male population with advanced polyps was 67
± 12 (range 32-90) years. Advanced polyps were mainly
left sided (59.5%). Among them, 137 (22.3%) polyps were
isolated right-sided (Table 2).
The polyps were sub-classified into 2 periods according
to the year of the examination. The male subjects
increased from 62.2% to 64.2% in period Ⅱ (P > 0.05). In
period Ⅱ the prevalence of polyps increased in the group
≤ 60 years from 24.2% to 29.2% (P < 0.05), especially in
the male group ≤ 60 years. It increased from 26.4% to
32.0% (P < 0.05).
When only advanced polyps were analyzed, it could
be seen that the prevalence increased in the younger male
group in period Ⅱ from 21.6% to 31.6% (P < 0.05). In
the younger female group advanced polyps increased from
12.2% to 16.7% (P > 0.05). After correcting the gender
as confounder with the Mantel-Haeszel test, the P-value
was still < 0.05 over the two periods for the younger
population with advanced polyps (Table 3).
It could also be seen that by screening the prevalence
of advanced polyps increased from 23.5% to 31.4% (P <
0.05) between the periods (Table 4). Screening indication
was not significant for the younger group between the
two periods. The mean age of the younger age group with
advanced polyps detected by screening was 68 ± 14 (range
33-88) vs 69 ± 11 (range 42-91) years in periodⅠ and
period Ⅱ.
The proportion of advanced tubulovillous polyps rose
from 21.5% in period Ⅰ to 29.5% in period Ⅱ (P < 0.05).
The prevalence of tubulovillous polyps was higher in male
subjects (66%). The mean age of the study population
with tubulovillous polyps was 68 ± 12 (range 33-90) years.
Among the tubulovillous polyps 79% had moderate to
severe dysplasia (P < 0.05).
A total of 328 patients were diagnosed with colorectal
cancer. The mean age of the 328 patients with cancer was
71 ± 13 (range 22-101) years. Of the 328 cancer lesions, 58
patients (17.7%) were ≤ 60 years. Among the 58 patients
34 (58.6%) were male subjects. The male patients with
cancer reduced from 23.2% to 16.5% (P > 0.05) (Table 5).

DISCUSSION
This study, which covered a period of 8 years, from 1998
to 2005, found 613 (33.0%) advanced polyps in a total of
1856 polyps. In particular, we observed that the prevalence
of polyps increased in young male patients (26.4% to
32.0%), this is also true for the prevalence of advanced
polyps (21.6% to 31.6%).
O’Connell et al[8] demonstrated an increase in CRC in
young patients. This observation is further corroborated
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Table 1 Histology of polyps n (%)

Villous component
Villous
Tubulovillous
Tubular
Flat adenoma
Serrated adenoma
Hyperplastic
Other

Percent of advanced polyps (%)

A

No. of polyps
(n = 1856)
196 (10.5)
34 (1.8)
162 (8.7)
1014 (54.6)
5 (0.3)
6 (0.3)
339 (18.3)
296 (16.0)

Period Ⅰ  

Period Ⅱ

25

No. of patients
(n = 880)
148 (18.8)
23 (2.6)
125 (14.2)
485 (55.1)
2 (0.2)
3 (0.3)
131 (14.9)
111 (12.6)

15
10
5

B

30 40 50 60 70 80 90
Age (yr)

Period Ⅰ  

Period Ⅱ

25

No. of patients with advanced polyps
(n = 376)
148 (39.3)
23 (6.1)
125 (33.2)
227 (60.4)
1 (0.3)

Table 3 Characteristics of advanced polyps n (%)

20

30 40 50 60 70 80 90
Age (yr)

Percent of advanced polyps (%)

No. of advanced polyps
(n = 613)
196 (31.9)
34 (5.5)
162 (26.4)
416 (67.9)
1 (0.2)

Gender
Male
Female
Age (yr)
≤ 60
> 60
Location
Right
Left
Tubulovillous
Yes
No

Period Ⅰ
1998-2001

Period Ⅱ
2002-2005

Total

P -value

139 (58.6)
98 (41.4)

244 (64.9)
132 (35.1)

383 (62.5)
230 (37.5)

P > 0.05

42 (17.7)
195 (82.3)

99 (26.3)
277 (73.7)

141 (23.0)
472 (77.0)

P < 0.05

85 (35.9)
152 (64.1)

163 (43.4)
213 (56.6)

248 (40.5)
365 (59.5)

P > 0.05

51 (21.5)
186 (78.5)

111 (29.5)
265 (70.5)

162 (26.4)
451 (73.6)

P < 0.05

20
15

Table 4 Polyps with screening as indication n (%)
10
5

30 40 50 60 70 80 90
Age (yr)

30 40 50 60 70 80 90
Age (yr)

Advanced
Yes
No

Period Ⅰ
Period Ⅱ
1998-2001 2002-2005
(n = 183) (n = 606)

Total no of CRCs

43 (23.5)
140 (76.5)

233 (29.5)
556 (70.5)

190 (31.4)
416 (68.6)

P -value

(n = 789)

P < 0.05

Figure 2 Distribution of the prevalence of advanced polyps according to age in
time expressed. A: In total population; B: In male subjects.
Table 5 Prevalence of cancer in male subjects by age n (%)
Table 2 Prevalence of advanced polyps by location n (%)

Location
Right
Left
Both

Period Ⅰ
1998-2001
(n = 237)

Period Ⅱ
2002-2005
(n = 376)

Total

46 (19.4)
115 (48.5)
76 (32.1)

91 (24.2)
130 (34.6)
155 (41.2)

137 (22.3)
245 (40.0)
231 (37.7)

(n = 613)

in our current study. However, this contrasts with the
conclusion of Li and Gu[9]. They suggested an increased
mean age of the colorectal cancer patient in China, despite
no statistical significance. The controversial findings
between O’Connell et al[8] and Li may reflect the influence
of culture and dietary habits.
The present study shows a tubulovillous prevalence of
13.3% of the adenomatous polyps and that the proportion

Age (yr)
≤ 60
> 60

Period Ⅰ
1998-2001
(n = 82)

Period Ⅱ
2002-2005
(n = 91)

Total no of CRCs

19 (23.2)
63 (76.8)

15 (16.5)
76 (83.5)

34 (19.7)
139 (80.3)

P -value

(n = 173)

P > 0.05

of advanced polyps with tubulovillous adenoma rose
from 21.5% in period Ⅰ to 29.5% in period Ⅱ (P < 0.05).
Although the prevalence of tubulovillous is greater in
the second period, it is still low compared with the study
of Khan et al[23]. These authors reported a prevalence of
26.2% of the adenomatous polyps. Isbister[24] and Smith
et al[25] even showed a higher prevalence of tubulovillous
as histology (32% and 30.2%, respectively). A possible
explanation for this discrepancy is the difference in race,
culture and diet. The prevalence of Khan and Smith are
based on a Western population and the present study is
www.wjgnet.com
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based on the Chinese population of Hong Kong.
Nonetheless, there are some limitations in our study
that should be considered when interpreting these findings.
First, the included patients are a hospital-based population.
The indications during period Ⅰ and Ⅱ were different.
Therefore, a direct comparison of the polyp prevalence of
the two periods may not be appropriate.
The second limitation is the lack of individual-level
data. Therefore, it was not possible to adjust the risk
factors of CRC, such as the influence of culture and
socioeconomic differences in dietary habits, obesity, use of
tobacco and/or alcohol, genetic risk factors and physical
activity during the two periods[26-30].
Although the findings of this study do not mirror
the prevalence rates of colorectal polyps in the general
population, they do indicate that advanced polyps are
detected at a younger age among men underg oing
colonoscopy. Regarding the similar incidence of cancer in
time, it is possible that colonoscopy is an effective way to
prevent CRC in the younger males.
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INTRODUCTION
Abstract
AIM: To clarify the expression change of Wnt-induced
secreted protein-1 (WISP-1) in human rectal cancer and
to determine whether it is correlated with invasion and
metastasis of human rectal cancer.
METHODS: Eighty-six paired samples of rectal cancer
and surgically resected distant normal rectal tissue
were collected and allocated into cancer group and
control group respectively. WISP-1 mRNA was detected
by relative quantitative real-time RT-PCR and WISP-1
protein was examined by immunohistochemical staining.
RESULTS: WISP-1 gene overexpression was found in
65% (56/86) primary rectal cancers, 2-30 times that of
the level in normal matched rectal tissues (P = 0.001).
The mRNA expression level was correlated with Duke’s
staging, histological differentiation grade and lymph node
status. The WISP-1 protein expression was in accordance
with mRNA expression level. The positive degree of
immunohistochemical staining in the cancer group (1.40
± 0.35) was different from that in control group (1.04 ±
0.08, P < 0.001). Moreover, in cancer group the positive
staining degree in high-level mRNA cancers (1.46 ± 0.37,
n = 56) was higher than that in low-level mRNA (1.28 ±
0.28, n = 30, P = 0.018).
CONCLUSION: Aberrant levels of WISP-1 expression
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Wnt-induced secreted protein-1 (WISP-1) is a member
of the connective tissue growth factor that belongs to the
Cry61, CTGF and Nov (CCN) superfamily. All members
of that family possess a secretory signal peptide at the
NH2 terminus, indicating that they are secreted proteins.
The biological properties of CCN proteins include
stimulation of cell proliferation, migration, adhesion,
and extracellular matrix formation. They also regulate
more complex biological processes, such as angiogenesis
and tumorigenesis[1-3]. WISP-1 is strongly expressed in
the fibrovascular stroma of breast tumors developing in
Wnt-1 transgenic mice[4]. Moreover, forced overexpression
of WISP-1 in normal rat kidney fibroblasts was sufficient
to induce their transformation, increase cellular saturation
and promoted growth[5].
WISP-1 is a potential downstream target gene of Wnt-1/
APC/β-catenin signaling pathway in colorectal cancer[5].
Though the expression of WISP-1 was believed to increase
in colon carcinoma[4], it has not been quantitatively detected
with a larger number of samples in rectal cancer alone. In
this study, mRNA and protein expression of WISP-1 in
pair matched rectal samples were measured by real-time
RT-PCR and immunohistochemical staining, respectively,
and the association between WISP-1 expression level and
clinicopathologic features was further investigated. Through
this work we aimed to elucidate the role of WISP-1 in the
invasion and metastasis of rectal cancer and to provide a
basis for its clinical diagnosis and outcome prediction.
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MATERIALS AND METHODS
Patients and samples
Eighty-six paired samples of rectal cancer and distant
normal rectal tissues were obtained from inpatients who
underwent surgical operation from 2003 to 2004 in West
China Hospital of Sichuan University. These patients did
not receive any chemotherapy or radiotherapy before
operation. Diagnoses and routine histopatholologic
examinations of frozen sections were performed at
the Department of Pathology, West China Hospital.
Immediately after selection of diagnostic tissue samples and
dissection of the margins for diagnostic purposes, samples
of tumor and tumor-free tissues were collected respectively
and stored in liquid nitrogen at -80℃. Samples were fixed
by formalin and embedded in paraffin wax. The following
information was recorded for each patient: age, sex, Duke’s
stage, carcinoembryonic antigen (CEA), lymph node status
and histological grade. This study was approved by the
Medical Ethical Committee and all patients provided written
informed consent to participate in the study.
Total RNA extraction and cDNA preparation
Total RNA was extracted from each sample using Trizol
reagent (Beyozol Co., Ltd) following manufacturer’s
instruction. The concentration of RNA was measured by
spectrophotomer. Total RNA was reverse-transcripted
to cDNA with RT reagents (Takara Biotechnology Co.,
Ltd) according to the manufacturer’s protocol. Briefly, the
RT reaction was carried out in a final volume of 20 µL
containing 1 × M-MLV buffer, 20 units of RNase
inhibitor, 2.5 µ mol/L random hexamers, 100 units of
M-MLV RTase, and 5 µL of total RNA. The mixture was
incubated at 20℃ for 10 min and 42℃ for 60 min, and
reverse transcriptase was inactivated by heating at 95℃ for
10 min.
Primers and probes
As shown in Table 1, specific primers and probes for
WISP-1 gene and glyceraldehy phosphate dehydrogenase
(GAPDH) gene (reference gene) were designed based on
sequence data from the ensemble database (http://www.
ensembl.org). Primers and probe were placed at the
junction between two exons. The primers and probes
were purchased from Takara Biotechnology Co. ( Dalian,
China).
Real-time RT-PCR
Conditions for all PCRs were optimized on iCycler iQ(BioRad, USA) and the optimum annealing temperature
was 57.5℃. The following iCycler iQ running protocol
was used: denaturation (95℃, 5 min), amplification and
quantification repeated 50 times (95℃ for 20 s, 60.5℃
for 30 s, and 72℃ for 30 s). In addition, a non-template
control (ddH2O control) was analyzed for each template.
All samples were amplified simultaneously in triplicate.
Equation 1 was applied to calculate the relative expression
ratio (R) of WISP-1 gene, which was based on PCR
efficiency (E) and the Ct deviation of an unknown sample
versus a control. Ratio(R) = (EWISP-1)∆CtWISP-1 (control-cancer)/
(EGAPDH) ∆CtGAPDH (control-cancer) (Equation 1)[6], ∆Ct was the
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Table 1 Primers and probes
Sequence
Target gene/WISP-1
Forward primer
Reverse primer
Probes
Reference gene/GAPDH
Forward primer
Reverse primer
Probes

5’- CCACCGGGGCCTCTACT-3’
5’- CCACACCGACCACCTGT-3’
5’-FAM-CTATTGCGTACCTCGGGCGGTC
-TAMRA-3’
5’-CCTCAAGATCATCAGCAAT-3’
5’-CCATCCACAGTCTTCTGGGT-3’
5’-FAM-ACCACAGTCCATGCCATCAC
-TAMRA-3’

Ct deviation of WISP-1 and GAPDH, PCR efficiency (E)
was calculated according to E = 10[–1/slope] [7]. The ratio over
1 represented an up-regulation of mRNA expression of
WISP-1 in rectal cancer.
Immunohistochemistry
Sections were dewaxed in xylene and rehydrated in alcohol.
The endogenous peroxidase activity was suppressed by
3% hydrogen peroxide for 15 min. After rinsing twice in
phosphate-buffered saline (PBS), antigen retrieval was
performed by immersing the sections in 10 mmol/L
sodium citrate buffer (pH = 6.0) and heated for 15 min
in a microwave oven. Non-specific binding was blocked
by incubation with 3% bovine serum albumin (BSA) for
40 min. The sections were treated for 16 h with rabbit
antihuman polyclonal immunoglobulin G antibodies of
WISP-1 (Santa Cruz, SC-25441, CA) according to the
manufacturer’s recommended concentration (1:50). PBS
was used as a negative control. After washed three times
in PBS, the sections were treated with biotinylated goat
anti-rabbit immunoglobulin (Jin Mei Biotech Co., Ltd) for
40 min and then by horseradish peroxidase-streptavidin
complex (Jin Mei Biotech Co., Ltd) for 30 min. The slides
were then washed three times in PBS and incubated in
DAB for 2 min. The slides were rinsed gently with distilled
water and counterstained with haematoxylin for 30 s.
The slides were dehydrated in alcohol prior to mounting.
Images were collected by Olympus DD70 BX51 (Olympus,
Japan) and analyzed by IMAGE-PRO plus 4.1 software
(Media Cybernetics, USA). Eight visual fields in each
section were randomly selected and the mean value of
relative optical density (OD) was measured and calculated
by taking the OD of background as 1. The extent of
immunohistochemical staining was categorized as positive
(1-1.5) and strongly positive (over 1.5).
Statistical analysis
The relative expression analysis of the target gene was
performed using a new software, named REST-XL ©
(relative expression software tool-XL, available at http://
www. wzw. tum. de /gene - quantification/) for group-wise
comparison in real-time PCR[8]. Using SPSS 12.0 software,
a Chi-square test (χ2) test was performed to analyze the
correlations of WISP-1 mRNA or protein expression
levels with clinical and pathological parameters. P < 0.05
was considered statistically significant.
www.wjgnet.com
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Reference gene (GAPDH) Target gene (WISP-1)
1.61
1.85
86
25.43
15.86
62.35

86
38.91
58.89
151.36

86
24.74
14.3
57.8

86
35.04
37.1
105.88

Factors
Age(yr)
< 60
≥ 60
Sex
Female
Male
Histological differentiation
Poor
Moderate
Well
CEA3 (ng/mL)
≤ 3.4
> 3.4
Lymph node status
Negative
Positive
Duke’s staging4
A+B
C+D
Histological type
Tubular adenocarcinoma
Papillary adenocarcinoma

RESULTS
Patients and clinicopathologic features
Patients’ age ranged from 41 to 86 (55.8 ± 13.8; mean
± SD) years, 44 were males and 42 females. Carcinoma
cells could be observed in all rectal cancers under a light
microscope. Samples at Duke’s Staging A, B, C and D were
15, 32, 25 and 14, respectively. There were 33 papillary
adenocarcinomas, 37 tubular adenocarcinomas, 8 mucoid
adenocarcinomas, 7 signet-ring cell carcinomas and
one squamous carcinoma by histological classification.
Histologically, 18, 63 and 5 were poorly, moderately and
well differentiated, respectively.
mRNA expression of WISP-1 in rectal cancer tissues
RT-PCR products had the desired length (WISP-1, 80
bp; GAPDH, 141 bp). No primer-dimers were generated
during the applied 50 real-time PCR amplification cycles.
Real-Time RT-PCR amplification efficiencies were
calculated from the given slopes in FTC-2000 software
and REST©. Investigated transcripts showed different realtime PCR efficiency in the investigated range with high
linearity (Pearson correlation coefficient r = 1). The realtime PCR efficiency of WISP-1 and GAPDH is 1.61 and
1.85, respectively.
The relative ratio (R) is presented as the fold change in
gene expression normalized to an endogenous reference
gene and relative to the control. Therefore, an R value
greater than 1.0 was considered to be an overexpression of
WISP-1 gene. Among the 86 rectal cancer RNA samples
tested, WISP-1 gene overexpression was found in 65% (56
of 86) primary rectal tumors, being 2-30 times that of the
level in normal matched rectal tissues. Major differences
in the amount of WISP-1 mRNA w ere observed: 17
tumors showed an expression level 1-5 times, 6 tumors
5-10 times, and 33 tumors more than 10 times that of the
normal rectal tissue RNA. REST© analysis showed mRNA
expression of WISP-1 is up-regulated in cancer group in
comparison with control group by the factor 7.744, and
target gene-cancer group is significantly different from
target gene-control group (P = 0.001). Randomization data
are shown in Table 2.
Correlation between WISP-1 mRNA levels and clinical and
pathological features
A strongly significant association existed between Duke’s
www.wjgnet.com
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Table 3 Relationship between mRNA WISP-1 status and
standard clinical, pathological factors

Table 2 Output of randomization test in two groups

Efficiency
Control group
n
Mean
Standard deviation
CV (%)
Sample group
n
Mean
Standard deviation
CV (%)

July 28, 2007

n

WISP-1 mRNA expression
+

P

48
38

16
14

32
24

0.7351

42
44

11
19

31
25

0.0981

18
63
5

2
25
3

16
38
2

20
22

9
5

11
17

0.1261

51
35

24
6

27
29

0.0041

47
39

22
8

25
31

0.0111

37
33

17
22

20
11

0.0811

0.0392

1

2
2
3
χ test; Non-parametric test (Mann-Whitney); Tumor marker. Information
is available for 42 patients; 4Duke’s staging A and B were combined, and C
and D were combined.

staging, lymph node status, and histological grade versus
WISP-1 mRNA as shown in Table 3.
Immunohistological expression of WISP-1 in rectal cancer
The representative results are shown in Figure 1. The
cytoplasm of rectal cancer cells were positively stained,
but the stromal components were not. Protein expression
of WISP-1 in normal rectal tissues was very weak. There
was no detectable immunoreactivity in PBS control slide.
The positive degree of immunohistochemical staining in
the cancer group (1.40 ± 0.35) was different from that in
the normal group (1.04 ± 0.08, P < 0.001). Moreover, in
the cancer group, the positive staining degree in high-level
mRNA cancers (1.46 ± 0.37, n = 56) was higher than that
in low-level mRNA ones (1.28 ± 0.28, n = 30, P = 0.018).
WISP-1 protein expression was also correlated with Duke’
s staging, lymph node metastasis and histological grade,
which is correlated with mRNA expression.

DISCUSSION
Colorectal carcinoma is the third most common
malignancy in the world[9]. Although surgical resection
has been shown to be effective for localized disease,
current treatment regimens are ineffective for metastatic
disease, and thus new treatment strategies are required.
A better understanding of the molecular events in
colorectal carcinoma is pivotal in the development of
novel treatment strategies. WISP-1 is a member of the
connective tissue growth factor identified to be a Wnt-1
and β -catenin regulated protein [5]. Overexpression of
WISP-1 induced morphological transformation, increased
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Figure 1 Representative slides showing the immunohistochemical staining of WISP-1 in rectal tissues (× 400). A: strong WISP-1 immunoreactivity was observed in the
cytoplasm of rectal carcinoma tissue; B: weak WISP-1 immunoreactivity was also detected in the cytoplasm of apparerently normal adjacent rectal tissues; C: negative
control slide with PBS was not positively stained in rectal carcinoma tissues.

cellular saturation, promoted growth in normal rat kidney
fibroblasts, and induced tumor formation in nude mice[5].
WISP-1 was reported to be able to attenuate p53-mediated
apoptosis in response to DNA damage through activation
of Akt kinase[10]. Although WISP-1 transcript has been
overexpressed in 84% of human colon adenocarcinomas
and 46% of primary breast tumors[4,11], WISP-1 expression
has not been quantitatively detected in a considerable
number of rectal cancers till now. In this study, quantitative
real-time RT-PCR and immunohistochemistry were used
to detect WISP-1 expression in pure rectal cancer and
normal rectal tissues.
Although traditional PCR and RT-PCR may also yield
relatively precise results, they not only need a rather large
amount of template for the analysis of a sample, but also
require post-PCR analysis which may create risks in crosscontamination of samples with PCR products[12]. However,
real-time RT-PCR can overcome such disadvantages
and makes RNA quantifications much more precise and
reproducible, because it is based on Ct values established
in the early exponential phase of the PCR reaction rather
than endpoint measurement of the amount of accumulated
PCR product. Real-time RT-PCR has good intra-assay and
inter-assay reproducibility and yields statistical confidence
values, it therefore, has a high level of interlaboratory
standardization and fits interlaboratory comparison[13,14].
In this study, we utilized a new software tool, REST-XL
©[8]
, to test the group difference for significance with a
newly developed randomization test[15,16]. The quantities
of WISP-1 mRNA derived from ratios and variances
can be high, normal distributions could not be expected,
and it remains unclear how a parametric test could be
best constructed. A randomization test, which makes
no assumptions about the distribution of observations
in populations, is a useful alternative to more standard
parametric tests for analyzing experimental data. It is
more flexible than non-parametric tests based on ranks
and does not reduce in power compared to parametric
test[15]. Therefore, a randomization test with a pair-wise
reallocation was seen as the most appropriate approach for
this application.
The result suggested that the mRNA expression level
of WISP-1 was up-regulated in rectal cancer. WISP-1
mRNA expression was also found to be significantly

associated with Duke’s staging, lymph node status, and
histological grade, which confirmed the role of WISP-1
in the progression of rectal cancer. The same results
were found in previous reports on mRNA expression of
WISP-1 in colon cancers and breast cancer[4,11]. As shown
in this study, the expression ratio over 1 in the lymph node
positive group (82.9%) was higher than that in the lymph
node negative group (52.9%), which suggests that WISP-1
may facilitate the lymph metastasis of rectal cancer. We
also found that WISP-1 was significantly associated with
poor histological differentiation, which was inconsistent
with the report in colorectal cancer by Khor et al [17] .
This contradiction may be related to sampling errors or
insufficient experimental samples. However, our study is
the largest study published to date, with 86 human rectal
cancers. For Duke's staging, only 25 of 47 (53.2%) cases
with stage A or B overexpressed WISP-1 compared with
31 of 39 (79.5%) samples from patients with stage C or
D rectal cancers, which is in agreement with the report of
Xie et al[11] in breast cancer. The Duke’s staging represented
the rectal cancer prognosis. The later the stage, the
worse the prognosis was, so the WISP-1 may be selected
as a prognosis factor. The above results indicated that
overexpression of WISP-1 might play an essential role in
invasion and metastasis of rectal cancer. Thus, WISP-1
mRNA expression assay could be used in the evaluation of
clinical diagnosis and prognosis of rectal cancer.
WISP-1 protein expression in rectal cancer cells in
this study showed moderate to strong diffuse cytoplasmic
staining, and weak to non-WISP-1 immunoreactivity in
the cytoplasm of apparently normal adjacent rectal tissues,
which was usually most pronounced at the invasive front
of the colorectal cancer [18]. Our study also found that
WISP-1 protein expression in rectal cancer was consistent
with its mRNA expression and associated with Duke’s
staging, lymph node status and histological grade. For
histological differentiation, Khor et al [17] reported that
WISP-1 protein expression was associated with welldifferentiated colorectal carcinoma tissues. With respect
to the mechanisms underlying the difference of WISP-1
expression between rectal cancer and colon cancer, gene
mutation may play a key role in different cancer cells
and histological specificity after transcription of WISP-1
mRNA. By analyzing the mRNA and protein expression
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of WISP-1, it tempts us to speculate that WISP-1 plays
an important role in rectal carcinogenesis. But the exact
mechanisms about the regulation of WISP-1 expression
in rectal tumorrigenesis have been unknown. A recent
report by Su et al[10] demonstrated that WISP-1 activates
the antiapoptotic Akt signaling pathway, inhibits the
mitochondrial release of cytochrome c, up-regulates
antiapoptotic protein Bcl-XL, and therefore prevents cells
from undergoing p53-mediated apoptosis in response
to DNA damage. To better understand the regulatory
mechanisms of WISP-1 expression, further studies about
effects of signaling pathway on WISP-1 expression in
rectal cancer are underway.
In summary, we showed for the first time,that the
involvement of the WISP-1 overexpression in rectal
tumorigenesis may play a role in the invasion and
metastasis of human rectal cancer. WISP-1 may be selected
as a clinical diagnosis and prognosis index in rectal cancer,
which may also serve as a potential therapeutic target for
the development of new treatment regimens for rectal
caner.
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Abstract
AIM: To explore the expression of BAG1 and tissue
inhibitor of metalloproteinase 3 (TIMP3) in colon
carcinoma and their correlation and clinicopathologic
significance.
METHODS: SABC immunohistochemistry was used to
detect the expression of BAG1 and TIMP3 in 80 colon
carcinoma tissues and 20 normal colonic mucosa.
RESULTS: Positive rate of BAG1 in colon carcinoma
tissue (80%) was notably higher compared to normal
c o l o n i c m u c o s a ( 1 0 % ) (P < 0 . 0 5 ) . H o w e ve r, n o
significant difference was observed in positive rate of
TIMP3 in colon carcinoma tissue (43.75%) as compared
w i t h n o r m a l c o l o n i c m u c o s a ( 6 0 % ) (P > 0 . 0 5 ) .
Expression of BAG1 and TIMP3 was strongly associated
with colon carcinoma differentiation, Duke’s staging,
lymph node metastasis and survival rate (P < 0.05), but
not associated with gender and age. Moreover, BAG1
expression was not correlated with TIMP3.
CONCLUSION: Our results suggest that over-expression
of BAG1 or attenuated expression of TIMP3 may play
an important role in genesis and development of colon
carcinoma. The protein expression levels of BAG1 and
TIMP3 are related to the malignant degree, infiltration
and metastasis of colon carcinoma. BAG1 and TIMP3
might be new biological parameters in predicting invasion
and metastasis of colon carcinoma.
© 2007 WJG . All rights reserved.
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INTRODUCTION
At present, the mechanism of genesis and development
of colon carcinoma is still under investigation. It is
generally accepted that carcinogenesis is a complicated
process that involves multistages, multisteps and polygene
transformation. Of these, apoptosis is an important
phenomenon responsible for tumor genesis. BAG1 is
a newly discovered anti-apoptosis gene. Its protein has
been proven to be a multifunctional binding gene, which
can enhance the ability to resist bcl-2-mediated apoptosis.
TIMP3, an anti-oncogene which was discovered in recent
years, is called tissue inhibitor of metalloproteinase 3. The
study was designed to investigate the expression of BAG1
and TIMP3 in colon carcinoma tissues, and to explore
their association with genesis, development and prognosis
of colon carcinoma.

MATERIALS AND METHODS
Materials
Samples were collected from surgical specimens of
80 patients (47 males and 33 females, average age 56.3
years) with pathologically proven colon carcinoma who
had undergone surgery in ������
T�����
umor ������������
Hospital of �������
Harbin
Medical University from January 1999 to January 2000.
No patients had received any type of preoperative antitumor treatments. Of those 80 samples, 28 were welldifferentiated, 37 moderately differentiated and 15 poorly
differentiated adenocarcinomas. According to Duke’s
staging classification, 24 cases were assigned to stage A,
22 cases assigned to stage B, 21 cases assigned to stage
C, and 13 cases assigned to stage D. Of the 80 cases, 32
had lymph node metastasis. In addition, 20 specimens
from normal colonic mucosa were selected as control
group. Both rabbit anti-human BAG1 and TIMP3
polyclonal antibodies were purchased from Wuhan Boster
Biotechnical Company and were diluted to 1:100.
Methods
All samples were fixed with 100 mL/L formalin and
embedded in paraffin. Each paraffin block was cut into
www.wjgnet.com
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Table 1 Expression of BAG1 and TIMP3
Tissue type

n

Benign
Malignant

20
80

BAG1
Positive number (%)
2 (10.00)
64 (80.00)a

July 28, 2007

Volume 13

  Number 28

B

TIMP3
Positive number (%)
12 (60.00)
35 (43.75)

a

P < 0.05 vs benign group.

Figure 1 Expression of BAB1 in colon carcinoma tissues (× 100). A: Negative
expression; B: Positive expression.

Table 2 Clinicopathologic index
n

Clinicopathologic
index
Age

≥ 50

< 50
Sex
Male
Female
Stage
Duke’s A
Duke’s B
Duke’s C
Duke’s D
Differen
Well
-tiation
Moderate
Poorly
Lymphonode Yes
metastasis
No
≥ 5 yr
Survival
< 5 yr

59
21
47
33
24
22
21
13
28
37
15
32
48
38
42

BAG1
2
Positive χ value
number
50
2.13
14
38
0.05
26
10
11.35
18a
20a
12a
17
9.92
33a
14a
30
6.3
34a
26
6.07
38a

TIMP3
2
Positive χ value
number
29
2.67
6
17
0.007
18
16
7.9
9a
7a
3a
19
10.97
13a
3a
5
17.14
30a
27
21.92
8a

a

P < 0.05.

4-µm thick sections. SABC immunohistochemistry was
performed according to the manufacturer’s instructions to
detect the gene expression of BAG1 and TIMP3. Briefly,
the tissue sections were deparaffinized in xylene at 37℃ for
20 min. Endogenous peroxide was blocked by incubating
the slides with 30 mL/L H 2 O 2 for 10 min at 37 ℃ .
Sections were incubated with primary antibodies of BAG1
and TIMP3 at 4℃ overnight, respectively. Staining was
visualized with DAB for 10 min at room temperature.
Finally, the sections were counterstained for nuclei by
hematoxylin solution. Five visual fields were randomly
observed in each section under microscope (10 × 40
magnification) and at least 100 cells were counted in each
field.
Positive staining of BAG1 appeared as buffy grains in
the nucleus and cytoplasm and whereas that of TIMP3
appeared as buffy grains in intracytoplasm observed.
Positive expression was considered when cells were stained
more than 10%.
In this study, a semi-quantitative method was adopted
to judge the result. The color intensity of tumor cells
were graded on a scale of 0 to 3 as follows: no = 0, mild
= 1, moderate = 2 and severe = 3. In addition, according
to the percentage of positive cells�����������������������
, the
���������������������
color density of
tumor cells were graded on a scale of 0 to 3 as follows:
≤ 25% = 0, 26%-50% = 1, 51%-75% = 2; and > 75%
= 3. The staining result was evaluated by grade product
of color intensity and density as follows: 0 = negative (-),
1-4 = weakly positive (+), and > 4 = positive (++). All
specimens were evaluated by two pathologists without any
www.wjgnet.com
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Figure 2 Expression of TIMP3 in colon carcinoma tissues (× 100). A: Negative
expression; B: Positive expression.

Table 3 Correlation between BAG1 and TIMP3 expression
Detection index

BAG1
Positive Negative
TIMP3 Positive
25
10
Negative
39
6

2

χ value
2.86

P value
P > 0.05

r value
0.0856

prior knowledge of the clinical data of the patients.
Gene expression was considered attenuated or absent
when grade product ranged from 0 to 4, and considered
normal or positive when grade product was higher than 4.
Statistical analysis
Chi-square test was used to compare the positive
expression rates of BAG1 and TIMP3 in cancer and
normal tissues. Pearson’s correlation coefficient (r) was
used to analyze the relation between BAG1 and TIMP3.

RESULTS
Expression of BAG1 and TIMP3 in colon carcinoma
and normal colon tissues is shown in Table 1. Positive
expression rate of BAG1 and TIMP3 was not correlated
with age, and gender of the patients, but was associated
with degree of tumor differentiation, Duke’s staging,
metastasis and survival (P < 0.05) (Table 2). Interestingly,
the poorer the cancer differentiation, the more advanced
the Duke's staging and the more lymph node metastases,
the higher was the BAG1 expression, but the lower was the
TIMP3 expression. Along with these features, the 5-year
survival rate was low in those patients.
Figures 1 and 2 depict the protein expression of BAG1
and TIMP3, respectively. As shown in Table 3, there was
no significant relationship between BAG1 and TIMP3
expression.

Bai YX et al . BAG 1 and TIMP3 expression in colon carcinoma

DISCUSSION
Human BAG1 gene is located at chromosome 9p12
and it can encode a multifunctional protein. Recent
studies showed that BAG1 was scarcely expressed in
normal tissue, but highly expressed in breast carcinoma,
lung cancer, thyroid cancer, endometrial cancer and
gastrointestinal tract cancer [1-6] . BAG1 protein has
been found to be strongly positively associated with
proliferation, infiltration and metastasis of tumor cells[7,8].
BAG1 can also interact with many target molecules, such
as HSP70, RAF-1, Bcl-2 and nuclear hormone receptor, to
regulate the growth and survival of tumor cells[9]. Downregulation of BAG1 expression can enhance apoptosis and
hinder tumor from genesis and development. However,
over-expression of BAG1 can inhibit apoptosis caused by
radiotherapy, chemotherapy, heat shock, activation of dead
molecules on cell-surface, etc so as to stimulate the genesis
and development of tumor.
Our data revealed that the poorer the cancer
differentiation, the more advanced the Duke's staging
and the more lymph node metastases, the higher was the
BAG1 expression, suggesting that high expression of
BAG1 stimulates the development of colon carcinoma by
inhibiting apoptosis and promoting tumor cell proliferation
and metastasis. Up-regulation of BAG1 expression was
associated with worse prognosis of the patients. Our
2,3,5]
results are consistent with previous studies[������
that high
expression of BAG1 may be a new effective biologic index
for predicting potency of metastasis and prognosis of
colon carcinoma.
Human tissue inhibitor of metalloproteinase-3 (TIMP3)
gene is located at chromosome 22 q12.3 and is a natural
inhibitor for matrix metalloproteinase (MMP). TIMP3
can stimulate proliferation and transformation; thereby
plays an important role in tumor angiogenesis, degradation
of extracellular matrix and migration endotheliocyte.
Moreover, TIMP3 can induce cells to undergo apoptosis[10].
Current research showed that attenuated expression
of TIMP3 existed in many cancers, such as chorionic
carcinoma, prostatic carcinoma, esophageal carcinoma,
melanotic cancer[11-14].
In this study, no significant difference was observed
in TIMP3 expression in colon carcinoma tissue as
compared to normal colonic mucosa. With the poorer
tumor differentiation, the advanced Duke’s staging and the
emerge of lymph node metastasis, TIMP3 expression was
decreased and patient’s prognosis was worse and worse.
On the basis of these premises, we think TIMP3 may
play an important role in tumor infiltration and metastasis
instead of tumor genesis. These findings are similar to that
reported by previous studies[14,15]. Thus, TIMP3 may be
an important measure to inhibit growth and invasion of
tumor by artificial induction.
Our study did not provide enough data to prove any
correlation between BAG1 and TIMP3.
In conclusion, our findings reveals that high expression
of BAG1 and attenuated or no expression of TIMP3 in
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colon carcinoma are strongly associated with the poor
differentiation, advanced Duke’s staging, more lymph node
metastasis, and low 5-year survival rate. BAG1 and TIMP3
might be new biological parameters in predicting invasion
and metastasis of colon carcinoma.
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CONCLUSION: Liver stem cells have the biological
behavior of selective migration to HCC in vivo and they
could localize and proliferate within HCC tissue stably
expressing the target gene. Liver stem cells are a
potential tool for a targeted gene therapy of HCC.

Abstract

Zhong XG, He S, Yin W, Deng JY, Cheng B. Selective tropism
of liver stem cells for hepatocellular carcinoma cells in vivo .
World J Gastroenterol 2007; 13(28): 3886-3891

AIM: To investigate the selective tropism of liver stem
cells to hepatocellular carcinoma (HCC) in an animal
model and its feasibility as a vector to deliver therapeutic
genes for targeted therapy of HCC.
METHODS: WB-F344, a kind of rat liver stem cell,
was infected with recombinant virus to establish a cell
line with stable, high-level expressing enhanced green
fluorescent protein (EGFP). An animal model of HCC
in Wistar rats was established by implanting HCC cells
(CBRH7919) combined with an immunosuppressive drug.
EGFP labeled liver stem cells were injected into caudal
veins of the animals and distribution was observed at
different time points after injection. SDF-1 and c-kit
expression in non-tumor liver and tumor tissue were
analysed by immunohistochemistry for the relationshiop
between the expression and migration of liver stem cells.
Furthermore, hepatic stem cells were injected via the
portal vein, hepatic artery, caudal vein, or directly into
the pericancerous liver tissue, respectively, and effects
on migration, localization, and proliferation of the hepatic
stem cells within the tumor tissue were observed and
analyzed.
RESULTS: Recombinant adenovirus could deliver the
EGFP gene to hepatic stem cells. A new stem cell line,
named WB-EGFP, was established that stably expressed
EGFP. WB-EGFP cells still showed selective tropism
towards HCC and EGFP expression was stable in vivo .
According to immunohistochemistry results, SDF-1 may
not be related to the mechanisms of tropism of hepatic
stem cells. Different application sites affected the
distribution of liver stem cells. Injection via the portal
www.wjgnet.com
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INTRODUCTION
He patocellular carcinoma (HCC) patients have a
poor prognosis even in the case of extensive surgical
excision, adjuvant radio- and chemotherapy, or liver
transplantation[1,2]. Treatment of HCC still requires the
development of new therapeutic approaches and could
largely benefit from gene therapy strategies [3] . Gene
therapy relies on the transfer of a therapeutic protein into
a selected cell population. At present, gene transfer vectors
for HCC target cells have low transduction efficiency
and unstable transgene expression[4,5]. Thus, development
of a gene transfer method for HCC therapy should be
envisaged as a very promising effort for patients. It is
necessary that research focuses on the selection and
design of the most efficient gene transfer strategy. It has
been reported that neural stem cells (NSC) migrate to the
intracerebral gliomas and display an extensive tropism. The
NSC-based gene therapy of gliomas has shown promising
results in animal experiments[6-8]. However, whether stem
cells have selective tropism toward HCC lesion like NSC
is still unclear. External liver stem cells have the capacity
of tropism towards injured liver[9], and selective migration
of liver stem cells to HCC cells in a coculture system has
been observed in vitro. It has been reported early[10], but
whether external liver stem cells can maintain the capacity
of targeting the HCC lesion in vivo is unclear. EGFP is a

Zhong XG et al . Tropism of liver stem cells towards HCC

good marker gene. After being transferred into liver stem
cells, it can be expressed stably and used as a marker for
these cells. EGFP can indicate the migration of hepatic
stem cells in vivo. This study was undertaken to explore
the tropism of external liver stem cells to HCC and its
feasibility as vectors to deliver therapeutic genes in vivo. It
provided the primary theoretical supports for the use of
migratory liver stem cells to deliver therapeutic genes for a
targeted gene therapy of HCC.

MATERIALS AND METHODS
Cell lines and drugs
The rat liver stem cell line (WB-F344) was obtained from
the Institute of Materia Medica of Chinese Academy
of Medical Sciences. This cell line was established by
Grisham[11]. The cells were cultured in DMEM/F-12 (1:1)
supplemented with 100 mL/L FBS(GibcoBRL, USA).
HCC cells (CBRH7919) from the Shanghai Institute of
Cell Biology, Chinese Academy of Sciences, with the cell
line established from rat liver cancer by DH Zhu, were
cultured in RPMI-1640 supplemented with 10% FBS
(GibcoBRL,USA)[12]. Plasmid pAdEasy-1 and pAdTrackEGFP were provided by Dr. TC He from Johns Hopkins
Oncolog y center. Lipofectamine was provided by
Invitrogen Co.USA. Antibodies directed against c-kit,
SDF-1, C-kit, ck19, AFP, and α1-ATT were purchased
from Boster Co.Ltd, China.
Gene modification of the rat liver stem cells
P l a s m i d p A d E a s y - 1 a n d p A d Tr a c k - E G F P w e r e
constructed to produce the vector pAd-CMV-EGFP
by homologous recombination in E.coli BJ 5183, and
the recombinant adenovirus was generated in the HEK
293 packaging cell line (Pathology Laboratory of Huaxi
Hospital) [13,14]. WB-F344, a kind of rat liver stem cell,
was cultured in vitro and infected with recombinant
virus. Infection efficiency and expression of EGFP were
assessed by a fluorescent microscopic survey. A new cell
line (WB-EGFP) which had stable, high-level expression
of EGFP was chosen and established through cloning of
selective culture[15], and the biological characteristics of
the cell line were analyzed by fluorescent microscopy, flow
cytometry, immunocytochemical staining (C-kit, ck19, AFP,
α1-ATT), and experimentally by inducing differentiation
via sodium butyrate, which was performed as previously
reported[16].
Construction of HCC animal model in rat
HCC cells CBRH7919 were cultured and harvested. To
establish an HCC tumor, CBRH7919 cells were implanted
into the liver tissue of adult rats. Wistar rats (n = 65) were
used to make the animal model of HCC. After anesthesia,
each animal received an implantation of 4 × 106 tumor
cells suspended in culture medium without serum and
daily cyclosporin injections (10 μg/g) intraperitoneally[17].
When the tumors were grown, animals were used for the
further experiments. All animal studies were conducted
under protocols approved by the Animal Care and Use
Committee in accordance with National Institute of
Health Guidelines.
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Assay for tropism of liver stem cells in vivo
Experimental Wistar rats were divided into two groups: (1)
non-tumor bearing healthy rats (n = 14); and (2) rats which
had developed HCC (n = 15). On d 0, recipients received
an injection of liver stem cells (4 × 106 WB-EGFP cells
in 200 μL media without serum) through the rat’s caudal
vein, using identical coordinates. All rats received daily
cyclosporin injections (10 mg/kg) at the same time each
day. Recipients were sacrificed on d 3-5 or 7-9 after liver
stem cell implantation. The number and distribution of
cells positive for the EGFP marker were analysed in icefrozen sections of tumor, peritumor, liver, kidney, spleen,
and lung tissue by fluorescence microscopy. Hemotoxylin
and eosin stainings were used for histopathological
analysis.
Immunocytochemical and histochemical staining
Immunocytochemical staining of EGFP expressing liver
stem cells was carried out according to standard protocols.
Antibodies against C-kit, ck19, AFP, α1-ATT were detected
in differentiated and undifferentiated cells.
Immunohistochemical staining of formalin-fixed,
paraffin-embedded tissue from tumor and liver tissue
of both groups was performed using antibodies against
c-kit and SDF-1 by SP methods[18,19]. According to the
intensity and proportion of stained cells, the results of
immunohistochemistry were judged. The negative control
was obtained with PBS replacing the primary antibody.
Assay for tropism of liver stem cells with regard to the
application site
HCC tumor-bearing rats were divided into four groups.
Liver stem cells with EGFP label were implanted via the
portal vein (group A, n = 9), hepatic artery (group B, n = 9),
caudal vein (group C, n = 8), or directly into pericancerous
liver tissue (group D, n = 9). On day 0, recipients received
injection of liver stem cells (4 × 106 WB-EGFP cells in
200 μL media without serum ), at identical coordinates.
All rats received daily cyclosporin injections (10 mg/kg) at
the same time each day. Rats were sacrificed on d 7-9 after
implantation of the liver stem cells. The same observations
and analysis were performed as in the previous protocol.
Statistical analysis
Biostatistical analyses were done using the SPSS11.5
software package. The non-parametric Kruskal-Wallis
rank test was used to detect differences among different
experimental groups. Some findings were statistically
significant and compared using the Fisher test for
evaluation in a two-group experiment. P < 0.05 was
regarded as statistically significant.

RESULTS
EGFP expression in liver stem cells
The recombinant adenovirus Ad-EGFP was generated
in the HEK 293 packaging cell line by homologous
recombination. Liver stem cells (WB-F344) were infected
with different amounts of recombinant viruses. After
selective culture cloning, a cell line that stably expressed
high levels of EGFP was established (Figure 1). This
www.wjgnet.com
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Figure 1 Expression of EGFP by recombinant adenoviral-mediated methods:
A: WB-F344 cells in culture; B: WB-EGFP cells with expression of EGFP stably
(× 200).
Figure 3 Liver stem cells migrated to HCC lesion. Liver stem cells migrated
around the margin of the lesion after implantation 4 d (Fluorescence × 40).

Table 1 Comparison of c-kit and SDF-1 expression in liver
tissue and HCC n (%)
Tissue
Control
HCC
b

n
14
15

c-kit
0 (0)
11 (73.3)b

SDF-1
5 (36.7)
6 (40.0)

P < 0.01 vs control group.

Figure 2 Construction of HCC animal model in rats. The tumors had the
histomorphic trait of HCC (HE, × 200).

new cell line, WB-EGFP, displayed a similar proliferation
and cell cycle distribution profile. Differentiation
characteristics of the new stem cells were not affected.
WB-EGFP expressed C-kit(+), ck19(+), AFP(+), and α1ATT(-). After induction with sodium butyrate, they could
differentiate into hepatic cells, expressing the marker of
liver cell, C-kit(-), ck19(-), AFP(-), but α1-ATT(+). EGFP
expression in WB-EGFP cells could be maintained for 8-9
generations in vitro.

in the liver tissue of the control group, in surrounding
normal-appearing liver tissue, or in other organs, such as
kidney, lung, or spleen.

HCC animal model in rats
After the CBRH7919 cells were implanted into the liver
tissue of adult rats, daily cyclosporin injections (10 μg/g)
were given intraperitoneally, and the rats were observed
every day. About two weeks later, a tumor model was
established for further experiments. Tumor lesions about
0.3-0.7 cm in diameter were found in the implanted site of
the liver, with tumors still displaying the same pathological
morphology characteristics as hepatocellular carcinoma in
hemotoxylin and eosin staining (Figure 2).

Immunohistochemistry
Expression of c-kit was analyzed as follows: Slides were
examined at low-power magnification (100 ×) to identify
areas with high density of c-kit positive cells. Three areas
with highest density were selected, and positive cells
were counted at 400 × magnification. The proportion of
c-kit(+) cells less than 5% was taken as background, higher
levels were considered positive. The result of SDF-1
positive staining was obtained according to the accepted
standard of the staining intensity and area. C-kit positive
cells were localized around the margin of the tumor
lesion as are EGFP positive cells. Expression of c-kit
was negative in liver tissue of the control animals. The
chemokine SDF-1 could be localized in the cytoplasm of
tumor and normal hepatic cells. There was no difference
in the expression of SDF-1 between the control and
experimental groups, while the quantity of cells with
c-kit(+) increased in tissues with HCC (P < 0.01, Table 1).

Selective tropism of liver stem cells to HCC lesions in vivo
Liver stem cells were injected into the tail vein of Wistar
rats with HCC liver tumors. At different time points,
tissues specimens from tumor, peritumor, liver, kidney,
spleen, and lung were sampled. Ice-frozen tissues sections
were examined by fluorescent microscopy to identify
EGFP positive stem cells. Four days after injection, EGFP
positive cells were found around the tumor lesions and a
few cells had infiltrated the tumor inner walls (Figure 3).
Eight days after injection, the labeled cells were found in
the central area of the tumors. The cells with EGFP were
still identically anti-c-kit (+), but such cells were not found

Effect of injection site on the selective tropism of liver
stem cells for HCC
Different sites of injection affected the localization and
proliferation of liver stem cells. Liver stem cells were
injected via four different sites: portal vein, hepatic artery,
caudal vein, and pericancerous liver tissue. On d 8 after the
liver stem cell implantation, in most of the cases, donor
liver stem cells migrated and targeted the tumor. Liver
stem cells were found within the main tumor bed, with
very few liver stem cells in other locations. Migrated cells
had formed cell “islands” with EGFP expression in the
tumor tissue. Distribution could be ranked according to
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the localization of liver stem cells. No cells at the tumor
bed were (-), cells in the margin of the tumor bed were (+),
cells between the margin and central area of tumor were
(++), and cells in the central area of the tumor were (+++).
These liver stem cells’ behaviors appeared to show more
selective tropism for the HCC lesion and proliferation
capacity when injected from portal vein (P < 0.05) (Table 2).

DISCUSSION
Gene therapy researchers have employed two major
strategies for delivering therapeutic transgenes into human
recipients[20,21]. Direct infusion of a gene into a person is a
fairly imprecise method and is limited to specific types of
human cells that the viral vehicle can infect[22]. The use of
living cells to deliver therapeutic transgenes into the body is
another important strategy. Gene modified cells[23,24], such as
stem cells, lymphocytes, or fibroblasts, are allowed to grow
and proliferate and are then infused back into the patient.
Stem cells are self-renewing[25,26] and thus may reduce or
eliminate the need for gene therapy. Stem cells thus have a
high potential as a platform for gene therapy[27,28].
External liver stem cells have the capacity of tropism
towards injured liver. But whether liver stem cells have
selective tropism has still not been clarified. Liver cells may
have the ability of tropism to HCC just as neural stem
cells do, liver stem cells may have the ability of tropism
to HCC. It was hypothesized that the pathology of HCC
promotes directed liver stem cell migration towards HCC
lesions in vivo. The liver stem cell may be a potential target
vector for HCC gene therapy.
Firstly, liver stem cells were engineered to express
EGFP as a label for in vivo experiments. For effective gene
therapy, it is necessary to achieve high levels of sustained
expression of the therapeutic gene[29,30]. As we know, a
major limitation to gene therapy is a low efficiency of
transduction when targeting nondividing cells [31]. We
developed an adenovirus system for liver gene therapy
in which we could transduce liver stem cells ex vivo with
expression of a reporter gene in a high proportion of
the cells and amplify transgene expression in the host
by maintaining expression of the introduced gene after
multiple rounds of cell division. In ex vivo transduced liver
stem cells expressing EGFP the capacity of proliferation
and differentiation were not affected, so EGFP could be
taken as a marker for liver stem cells in the experiment.
Transgene expressing cells could be applied to gene
therapy to treat many forms of liver disease.
The in vitro study using the coculture system with HCC
cells showed that the relative direct migratory capability
towards HCC cells of liver stem cells was comparable
with fibroblasts[10]. HCC cells may have some factors that
promoted the movement of liver stem cells towards the
HCC cells. To determine the behavior of liver stem cells
in vivo, the cells were injected via the tail vein of HCCbearing rats. Four days after injection, EGFP expressing
cells migrated to surround the tumor lesions, and the
labeled cells gradually infiltrated into the central area of
tumors, but normal liver tissue of the control group didn’t
provide such a permissive migratory environment to
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Table 2 The effect of different approaches of transplantation
on the distribution of liver stem cells in tumor lesion
Group
Portal veina
Hepatic artery
Caudal vein
Pericancerous tissue

n
9
9
8
9

(-)
0
2
1
1

(+)
2
5
5
5

(++)
4
2
2
2

(+++)
3
0
0
1

H = 8.832, aP = 0.032 < 0.05 vs other three approaches groups.

liver stem cells. In other organs, such as kidney, lung, or
spleen, significantly fewer numbers of liver stem cells were
observed. Fluorescent staining of EGFP and positive
expression of c-kit noticeably increased in lesions of
tumors or around the tumor (P < 0.01), which suggested
that liver stem cells had the capability of tracing the lesions
of hepatocellular carcinoma, and stably expressing the
transferred gene. Liver stem cells may become an ideal
gene vector for targeted therapy.
There are no reports about the mechanism of the
selective tropism towards HCC tissue. Stromal cell derived
factor-1 (SDF-1) is one of the chemokine members.
Interaction between SDF-1 and CXCR4 play an important
role in the regulation of hemotopoietic stem cell
mobilization[32], and according the report, the mechanism
of neural stem cells (NSC) migrating to the intracerebral
gliomas involved mediators as SDF-1. Meanwhile, some
researchers found that SDF-1 and other growth factors are
related to the migration of stem cells from bone marrow
into liver and their hepatocellular differentiation [33] .
In this experiment, expression of SDF-1 showed no
difference between the normal liver tissue and HCC tissue
(P > 0.05), which implied that SDF-1 may have no effect
on the tropism of liver stem cells to HCC. Thus, it is
necessary to further understand the mechanism.
I n 1 9 9 2 , W i l s o n p e r f o r m e d g e n e t h e r a p y by
transplanting hepatocellular cells from the portal vein,
which was an early model to treat liver disease. How the
liver stem cells localize and proliferate is not known,
especially when they are transplanted from different
approaches. On the basis of this experiment, liver stem
cells still migrated towards the tumor from different
implant locations, although more cells distributed
and proliferated in the tumor lesion via portal vein
implantation. The migratory cells in tumor beds survived
and proliferated to form some cell “islands”, and the
reporter gene was expressed stably by surviving liver stem
cells in tumor beds. These findings suggest that external
liver stem cells can target HCC and possess the ability of
a selective tropism to HCC in vivo. Combined with the
results of early research in vitro[10], it could be concluded
that liver stem cells could deliver the therapeutic gene
protein into HCC lesions selectively. Meanwhile, aside
from the self-renewing character of stem cells, liver
stem cells, being a kind of adult stem cell, have a lot of
superiorities compared with embryonic stem cells. They
are easy to acquire and have no ethical controversies.
Therefore, liver stem cells show a potential as a promising
important vector for cell-based targeted gene therapy of
www.wjgnet.com
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HCC. However, the mechanism of the tropism of liver
stem cells still needs clarification, and whether these cells
are an ideal vector for targeted gene therapy of HCC still
needs to be explored.
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Background

Liver stem cells are an ideal vector for gene therapy of some benign liver diseases.
Whether the liver stem cell can be used to treat the hepatic cellular carcinoma
is not yet clear. For gene therapy to be effective in cancers, it is necessary to
deliver therapeutic genes into cells with high specificity and efficiency. It has been
reported that neural stem cells (NSC) migrate to the intracerebral gliomas and
display extensive tropism. The NSC-based gene therapy of gliomas has yielded
promising results in animal experiments. External liver stem cells still have the
capacity of tropism for injured liver. Whether the hepatic stem cell has the selective
tropism toward an HCC lesion like NSC has not yet been clarified and whether the
liver stem cell is a potential targeted vector for HCC gene therapy needs further
study.

Research frontiers

The development of more effective therapeutic tools and strategies for hepatic
cellular carcinoma is much needed. The current focus of research is in HCC gene
therapy. To find and modify an ideal targeted gene vector is very important in
improving the efficacy. Liver stem cells are an important vector which have had
good effects on the treatment of benign liver diseases. How to apply the cell is a
burgeoning area of research. However, fewer studies have observed or revealed
the mechanism of the tropism trait of the liver stem cell in injured liver and
malignant disease.

Innovations and breakthroughs

Through engineering a liver progenitor cell line expressing EGFP and tracing the
labeled cells in an animal model with liver cancer established as an allograft into
rat liver, the selective tropism of liver stem cells for an HCC lesion in vivo has been
observed. Liver stem cells migrated into the liver and proliferated around or in the
tumor lesion, expressing the reporter gene, which suggested the use of migratory
liver stem cells to deliver therapeutic genes. It may be promising in delivering
therapeutic genes to target HCC cells.
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8
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Applications

According to the characteristic tropism of liver stem cells, the stem cell vector can
deliver the therapeutic gene directly to cancer cells to improve the efficacy and
decrease the damage to normal liver cells. Stem cells can self-renew, and the
effect can be maintained for a long time. This may reduce or eliminate the need
for gene therapy. Stem cells are the most promising potential platform for targeted
gene therapy.

Terminology

Liver stem cells are an adult stem cell of liver or a liver progenitor cell
characterized by their capacity for self-renewal and ability to give rise to multiple
differentiated cellular populations.

17
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19

Peer review

The authors have engineered a liver progenitor cell line expressing EGFP and
suggest that these cells have an in vivo tropism to liver cancer cells established
as an allograft into rat liver. This is a potentially interesting finding in the context of
gene therapy of liver cancer.
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Abstract
Enteroenteric intussusception is a condition in which
full-thickness bowel wall becomes telescoped into the
lumen of distal bowel. In adults, there is usually an
abnormality acting as a lead point, usually a Meckels'
diverticulum, a hamartoma or a tumour. Duodenoduodenal intussusception is exceptionally rare because
the retroperitoneal situation fixes the duodenal wall.
The aim of this report is to describe the first published
case of this condition. A patient with duodeno-duodenal
intussusception secondary to an ampullary lesion is
reported. A 66 year-old lady presented with intermittent
abdominal pain, weight loss and anaemia. Ultrasound
scanning showed dilated bile and pancreatic ducts.
CT scanning revealed intussusception involving the
full-thickness duodenal wall. The lead point was an
ampullary villous adenoma. Congenital partial (type Ⅱ)
malrotation was found at operation and this abnormality
permitted excessive mobility of the duodenal wall such
that intussusception was possible. This condition can be
diagnosed using enhanced CT. Intussusception can be
complicated by bowel obstruction, ischaemia or bleeding,
and therefore the underlying cause should be treated as
soon as possible.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Intussusception is a condition in which the full-thickness
of the bowel wall is telescoped into distal bowel. In
the adult population, small bowel intussusception
is uncommon. The lead point is usually a Meckel’
s diverticulum, a hamartoma or a benign or malignant
tumour[1]. The duodenum assumes a fixed, retroperitoneal
position during embryological intestinal rotation and
intussusception of this organ into itself is therefore
usually impossible[2]. Gastro-duodenal and distal-duodenojejunal intussusceptions have been reported but are rare[3-6].
Prolapse of ampullary lesions through the duodenum into
the jejunum has also been reported[2,5]. The case described
here was a true duodeno-duodenal intussusception
which was only possible because of a partial congenital
malrotation.

CASE REPORT
A 66 year-old lady presented with a one-year history
of intermittent epigastric pain, weight loss, itching and
lethargy. She had iron deficiency anaemia (Hb 9.8 g/dL,
ferritin 7 µg/L). Her liver function tests (LFTs) were
abnormal with an obstructive picture (bilirubin 9 µmol/L,
alkaline phosphatase 950 U/L, ALT 134 U/L, albumin
29 g/L). Her past medical history included nephritis
(aged 9), asthma (aged 43), pneumonia (aged 55), multiple
admissions for chest infections, gastro-esophageal reflux
disease (aged 61) and bronchiectasis (aged 63). She was
taking omeprazole (20 mg) and inhaled ipratopium,
salbutamol and beclomethasone.
Abdominal ultrasonography showed intra- and extrahepatic bile duct dilatation. Abdominal CT showed
features of intussusception of the duodenum (“target
sign”) and allowed identification of a large ampullary
mass as the lead point (Figure 1A and B). Full-thickness
duodenal wall intussusception was demonstrated by the
low attenuation fat plane between the bowel walls [7].
The ampullary mass (black arrowhead) invaginated the
duodenum. The common bile duct and main pancreatic
duct were dilated. The superior mesenteric vein (Figure 1,
white arrow) was anterior to the superior mesenteric artery
at this level. Malrotation of the bowel was suggested by
the position of the jejunal loops. The main pancreatic duct
was dilated (6 mm) and the common bile duct measured
12 mm at its maximal diameter. The curvilinear areas of
low attenuation between the bowel walls represent the fat
outside the duodenal muscle wall (Figure 2, arrow). This is
a key feature to distinguish intussusception from mucosal
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Figure 1 Enhanced CT showing the ampullary mass (black arrow) invaginating
the duodenum (A) and the duodenoduodenal intussusception in the midline in the
infracolic compartment (B).

Figure 2 Operative findings from the right side. Black arrow: bile duct; white
arrowhead: duodenum; black arrowhead: inferior vena cava.

prolapse into distal bowel.
The mass was endoscopically biopsied and the histology
was typical of adenoma. At laparotomy, the findings
were of duodenoduodenal intussusception (Figure 2).
The duodenal C-loop was abnormally configured and
the duodenum course was entirely to the right of the
superior mesenteric vessels. There was aplasia of the
uncinate process. The duodenojejunal flexure was located
on the right side of the midline. The cecum was normally
positioned and there were no Ladd’s bands. The ileal
mesentery was of normal length and fixation.
A pancreatoduodenectomy (Whipple’s procedure) was
carried out (Figure 3). There were no significant vascular
anomalies. She recovered without complications. Histology
confirmed a 9 cm × 6 cm × 3 cm ampullary villous
adenoma with foci of severe dysplasia but no malignancy.
There was mild chronic pancreatitis of the pancreatic
head.

DISCUSSION
The spectrum of congenital rotational abnormalities of
the intestine includes non-rotation (type Ⅰ), duodenal
malrotation (type Ⅱ) and combined malrotation of the
duodenum and cecum (type Ⅲ)[8]. The abnormality in our
case, classified as type Ⅱ, is thought to result from arrest
of rotation of the duodenal loop around the superior
mesenteric vessels during return of the intestine into
the abdomen in the tenth week of development[9]. The

Figure 3 Resected specimen after the intussusception was partially reduced. S:
stomach; J: jejunum; D2: second part of duodenum; D3: third part of duodenum;
Arrowhead: intussusception of D2 into D3.

incidence of this abnormality in the general population is
unknown, but many cases presenting late in life have had
vague long-standing abdominal symptoms. It is unknown
whether the reflux symptoms our patient experienced
preceding identification of the ampullary mass may have
been caused by the malrotation.
Congenital malrotation is often associated with
abnormalities of fixation of the ileocecal mesentery, which
can predispose to ileocolic intussusception. In one report,
40% of children with this type of intussusception had
evidence of malrotation[10]. The case reported here was
analogous in this respect because the duodenal loop was
not completely fixed by peritoneum nor by the tunnel
under the superior mesenteric vessels. The coincidence
of the ampullary tumour and pre-existing duodenal
malrotation was necessary to result in this full-thickness
duodeno-duodenal intussusception.
There are several case reports in the literature that
described tumours of the ampulla that were drawn
through the duodenum into the jejunum. The tumours
took with them the mucosal layer of the duodenum [2,5]
and the resulting multilayered appearance on imaging
can be difficult to distinguish from intussusception. This
differential diagnosis is important because intussusception
may carry a higher risk of complications of ischemic
bowel, intraluminal bleeding and bowel obstruction
compared to mucosal prolapse. Our case had obstruction
to the bile and pancreatic ducts that caused abnormalities
of the LFTs and chronic pancreatitis. This may have been
caused by intermittent compression of these structures
between the intussuscepting layers of bowel wall or by the
mass effect of the ampullary tumour. For all these reasons,
the presentation may be more acute and surgery may be
considered more urgent if intussusception has occurred.
Chalmers et al[2] have emphasized the value of visualization
of a fat plane between bowel walls to diagnose
intussusception. We suggest that intussusception should
also be specifically considered if there is evidence of
duodenal malrotations such as an abnormally configured
C-loop or location of the duodeno-jejunal flexure to the
right of the spine.
Duodeno-duodenal intussusception can occur if
there is a malrotational abnormality of the duodenum
and there is an ampullary lesion to act as the lead point.
Intussusception is rare, but urgent surgery should be
www.wjgnet.com
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considered in this situation because of the risks of bowel
infarction and obstruction.
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remains controversial, premedication is widely administered
in clinical practice[1]. Adverse events of antispasmodic agents
are generally associated with their peripheral antimuscarinic
action[2]. However, the symptoms and signs associated with
an absolute or relative reduction in cholinergic activity of
the central nervous system seems to be underestimated. We
present here three cases of anterograde amnesia associated
with hyoscine butylbromide (Buscopan; Boehringer
Ingelheim, Ger many) used as a premedication for
endoscopy at our endoscopy unit.

CASE REPORT
Abstract
It has been known that peripheral adverse event is
caused by peripheral antimuscarinic action, from hyoscine
butylbromide (Buscopan; Boehringer Ingelheim, Germany)
used as a premedication for endoscopy. However,
symptoms or signs associated with the central nervous
system are rarely reported in the field of anesthesiology
and peripartum labor. This central anticholinergic
syndrome is likely caused by blockade of muscarinic
cholinergic receptors in the central nervous system. There
is no report on Buscopan-induced central anticholinergic
syndrome in endoscopy room so far. Three middle-aged
females unexpectedly suffered from anterograde amnesia
after intramuscular injection of hyoscine butylbromide
as an antispasmodic premedication for endoscopy at our
endoscopy unit in the Health Promotion Center.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Although the role of antispasmodic agents in endoscopy

Three patients who presented for medical examination
without any signs or symptoms underwent upper
gastrointestinal endoscopy with premedication using
hyoscine butylbromide. No sedative agents, such as
benzodiazepine or propofol, were used. The patients
received intramuscular injection of Buscopan (20 mg) ten
minutes prior to the endoscopic procedure. The procedure
time was 5 to 10 min. The patients were middle-aged
women, and had neither a remarkable past medical history
nor a history of drug medication. None of the patients
had any sign of an organic neurological disease.
The first patient was a 58-year-old woman. Her body
weight and height were 58.0 kilograms and 63.8 inches
(body mass index: 22.1 kg/m 2). The results of upper
gastrointestinal endoscopy revealed atrophic mucosal
changes at the gastric antrum and a duodenal ulcer scar.
Immediately after withdrawal of the endoscope, the
patient appeared to be confused asking about when the
examination would begin, showing memorial blackout
throughout. The laboratory findings and the medical
examination were within normal limits.
The second case was a 50-year-old woman. Her
body weight and height were 53.5 kilograms and 65.0
inches (body mass index: 19.7 kg/m 2). The results of
upper gastrointestinal endoscopy revealed only chronic
superficial gastritis. Physical examination noted a thyroid
nodule. However, the thyroid function was within normal
limits. As in the first case presented here, she was alert
immediately after the procedure.
The last case was a 56-year-old woman suffering from
transient global amnesia. Her body weight and height were
50.0 kilograms and 61.8 inches (body mass index: 20.3
kg/m2). The results of upper gastrointestinal endoscopy
showed a small polyp at the gastric antrum. This case
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was different from the other two cases in that she had
a recovery phase of memory. That is, on examination,
we noted that she regained memory 20 min after the
procedure. There were no remarkable clinical findings
except for a thyroid cyst with normal thyroid function.
The vital signs such as blood pressure, heart rate and body
temperature were normal in all patients during amnesia.

DISCUSSION
Hyoscine is an alkaloid with an anticholinergic effect
that inhibits the muscarinic actions of acetylcholine at
postganglionic parasympathetic neuroeffector sites and
the sites commonly affected are smooth muscle, secretary
glands and the central ner vous system. Small doses
effectively inhibit salivary and bronchial secretions as well
as sweating. This drug is available as hydrobromide and
butylbromide salts. The onset of action of intramuscular
hyoscine is from three to five minutes and the duration of
spasmolytic and antisecretory action is fifteen minutes and
several hours, respectively. Unlike hydrobromide, hyoscine
butylbromide does not cross the blood-brain barrier and is
rarely associated with central symptoms[2,3].
Although intramuscular hyoscine butylbromide is
considered a safe drug, it is not without side effects. The
cases we report here suggest that anterograde amnesia is
associated with central anticholinergic syndrome which
is likely caused by blockade of muscarinic cholinergic
receptors in the central nervous system, and is associated
with central nervous system signs, such as somnolence,
confusion, amnesia, agitation, hallucination and coma[4].
Only a few case reports have shown hyoscine-induced
central anticholinergic syndrome in peripartum labor
and postoperative setting. Because central anticholinergic
syndrome can be diagnosed and treated with a cholinesterase inhibitor, its diagnosis is almost always
presumptive[5]. In spite of resolution without treatment,
we could presume this diagnosis in that the amnesic
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period was associated with the duration of drug action.
Physostigmine is a well-known effective therapeutic agent
for anticholinergic toxicity and enhances acetylcholine
activity by inhibiting acetylcholinesterase. In addition, it
crosses the blood-brain barrier, reversing symptoms of
the central anticholinergic syndrome, as well as peripheral
toxic anticholinergic manifestations [6] . Although no
dangerous central signs in our cases made it unnecessary
to administer a cholinergic drug, this treatment can be
considered for hyoscine-induced central anticholinergic
syndrome associated with endoscopy.
In summary, we report case series of anterograde
amnesia associated with central anticholinergic syndrome
caused by hyoscine butylbromide used as a premedication
for endoscopy. Treatment with cholinergic agent can be
considered for patients who have unexpected amnesia and
have not had a sedative premedication.
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Abstract
P s e u d ox a n t o m a e l a s t i c u m i s a ra re , h e re d i t a r y,
multisystemic disease affecting the skin, eye, and
cardiovascular system. A twenty-eight-year-old female
has presented to emergency unit with the complaint
of gastrointestinal hemorrhage. This patient, who had
been monitored in the gastroenterology clinic more
than 10 times in the past 8 years, noted a repetitive
hemorrhage during her previous pregnancy in her
history. The examination of the patient revealed the
following signs and symptoms: atrophy in the epithelium
of the retina pigment; typical angioid streaks and peau
d'orange finding in the fundus; thinning of the retinal
nerve fiber in OCT (optic coherence tomography);
bilateral and reticular papillary lesions with yellowishcolor in the neck region (plucked chicken appearance);
presence of bleeding foci in fundus; and nephrocalcinosis
in kidneys. In light of these symptoms, the patient was
diagnosed with pseudoxantoma elasticum. Skin biopsy
confirmed the pseudoxantoma elasticum diagnose. PXE
is an uncommon, hereditary disease. Early diagnosis
of pseudoxantoma elasticum cases, is important for
minimalizing systemic complications and informing the
other family members through genetic counseling.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Pseudoxantoma elasticum (PXE) is a connective
tissue disease showing an incidence of 1/100 000 and
characterized by skin, eye, and cardiovascular system
involvements. Patients are presented to physicians with
skin lesions, advanced loss of vision, significant bleedings
in the gastrointestinal system, and intermittent claudication
due to presence of abnormal elastic fibers inclined to
calcify. While generally, autosomal recessive inheritance is
determined (80%), autosomal dominant and sporadic cases
have been reported, as well[1-4]. No specific geographical
region or race has been identified. A mutation in the gene
which codes ABCC6 (MRP6) transmembrane transporter
protein, was reported to be a possible cause of PXE[1-7].

CASE REPORT
The 28-year-old female patient who had experienced 12
endocopies due to upper gastrointestinal system hemorrhages
occuring more than 10 times during the last 8 years, was
presented to our gastroenterology clinic. As a result of those
endoscopic examinations applied since her first bleeding
complaint in 1999, because no findings associated with peptic
ulcer, portal hypertension, and malignity could have been
determined, the patient had been diagnosed with bleeding
foci in fundus, erosive gastritis, and bulbar erosion. In her
last presentation, while hemorrhage foci were present in the
fundus, there were no predisposing causes such as stress,
nonsteroid drug usage, dietary change, cigarette, and alcohol.
Because the patient was pregnant and there were no active
hemorrhage foci in the endoscopy, only antacid therapy and
dietary treatment were applied. After 3 d of her discharge,
the patient again presented to our clinic with acute upper
GIS hemorrhage. The emergency endoscopy revealed an
active, intense bleeding focus in fundus and due to application
of an hemoclip (Olympus-EndoTherapy EZ-clip standard
type HXE-610-135 DEG) in the same session, bleeding was
stopped.
The physical examination of the patient revealed
bilateral and reticular yellowish papillary lesions in the
neck (plucked chicken appearance), and 10-15 red-purple
www.wjgnet.com
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Figure 3 Degeneration in reticular fibers of dermis (HE).
Figure 1 View of the patient’s skin from neck region.

Figure 2 Nephrocalcinosis findings in both of the kidneys.

colored nodular lesions (hemangioma) with regular
contours and 4-8 mm largeness around the right ear.
Lesions similar to the ones found in neck, were observed
in inguinal region and axillar y regions as well. No
significant lesion was determined in oral mucosa, head and
skin with hair, upper extremities, and body trunk.
Detailed dermatological examination of the patient
revealed: typically grey-white colored papillary lesions
displaying a plucked chicken appearance in the anterior
part of the neck, and typical brown-yellow lesions in
neck, axillary, and inguinal regions. As a result of the
der matological consultation perfor med for lesions
localized in neck, axillary, and inguinal regions; patient was
diagnosed with pseudoxantoma elasticum (Figure 1).
T he laborator y results of our patient; routine
biochemical investigations, viral and tumoral markers,
autoimmune liver tests, and coagulation tests, were
normal except a finding of low albumin level (2.3 gr/dL).
Abdominal-pelvic USG revealed a singular fetus in uterus
consistent with 17 wk and a diffuse nephrocalcinosis in
cortex and medulla of both of the kidneys (Figure 2).
The skin tissue sample observed in neck and taken by
excisional biopsy and stained with specific chromogranin
techniques and HE, showed a degeneration and change
of size in collagen and elastic fibers localized in focal
areas of middle and deep dermis in the tissue covered
with stratified squamous epithelium. The findings were
reported to be consistent with pseudoxantoma elasticum
(Figure 3). Eye examination revealed; atrophy in retinal
pigment epithelium, angioid streaks and typical peau
d'orange sign in fundus (Figure 4), and a thinning of
retinal nerve layer by OCT (optic coherence tomography).
However, fluorescent angiography procedure couldn’t have
been applied by the ophtalmology clinic due to pregnancy.
No pathological results were observed in cardiological
examination of our case.
www.wjgnet.com

Figure 4 An appearance consistent of peau d'orange sign, peripapillary atrophy,
and angioid streak in both of the eyes.

DISCUSSION
Pseudoxantoma elasticum is a rare hereditary disease with
an incidence of 1/100 000, affecting mostly skin, eye,
and cardiovascular system. It may be seen in any human
race, female/male incidence rate was reported as 2:1[1-8].
In the present case, “angioid streaks” were determined in
examination of the fundus oculi. This lesion is observed as
grey-red linear streaks extending below retinal vasculature
and surrounding the optic disc. Tearing and calcification
of the elastin-rich outer layer of the Bruch membrane
leads to this disease[9]. Angioid streaks could be observed
in Paget disease (osteitis deformans), Marfan syndrome,
Ehlers-Danlos syndrome, and hemolytic anemies as well[1].
Pseudoxantoma elasticum symptoms were determined by
dermatology consultation and histological examination of
the skin alongwith the presence of typical fundus oculi
finding. Furthermore, a less commonly seen eye symptom
of PXE, leopard spotting in the posterior pole, was
present as well. The other less commonly encountered eye
symptoms such as; comet-like streaks, drusen, reticular
pigmental dystrophia of the macula, and focal atrophic
pigmented epithelium, were not present in this case.
Skin lesions are commonly seen in PXE cases,
especially between age of 20-25 in the early period of the
disease[10-14]. Generally, skin is observed to be wrinkled
and flaccid. Lesions are mostly observed in antecubital
and popliteal fossa, inguinal region, and periumbilical
regions, as yellowish papillas with 1 mm or so diameter.
Involvement of face, lip, oral mucosa, soft palate, and nasal
mucosa may be present in a much less frequent fashion.
In the present case, one of the lesions observed in the
neck, was removed by excisional biopsy. As a result of the
examination of the tissue sample, our case was diagnosed
as pseudoxantoma elasticum. There is one reported
case in which PXE and calcinosis cutis were reported in
association[8]. In cases where the clinical findings are not

Goral V et al . PXE, a repetitive upper gastrointestinal hemorrhage cause

satisfactory; calcific elastosis, calciphylaxis, penicillamin
intoxication, and solar elastosis should be considered for
the histopathological differential diagnosis in light of the
findings obtained from the biopsy material. Apart from the
PXE, in perforated calcific elastosis, calcified elastic fibers
pass through epidermis by a channel and reach the surface.
The distinction of calcific elastosis without perforation
is difficult and the associated ocular and cardiovascular
system findings are evaluated in favor of PXE. However,
in solar elastosis, the abnormal elastic tissue not stained
with calcium, is observed in superficial dermis, as a mass
instead of singular fibers.
Calciphylaxis is a serious clinical condition mostly
developing due to presence of chronic renal insufficiency
associated with hyperparathyroiditis. As a result of the
disruption of calcium-phosphate balance; calcium phosphate
salts are built-up in trauma area, injection focus, and small to
midsize subcutaneous vessels. Due to long-term penicillamin
usage, lesions such as anetoderma and elastosis perforans
serpiginosa may be see[12]. Cardiovascular system results may
not be as apparent as ocular and cutaneous results. However,
there is a reported case including a sudden death secondary
to cardiac involvement in the literature [15,16]. Clinically,
besides presence of angina pectoris and intermittent
claudication due to involvement of both internal and
external elastic laminas of coronary arteries and peripheral
large arteries, as a result of the degeneration of only the
internal elastic membrane of thin-walled vessels in stomach
mucosa, hematochezia or melena may be determined[6,7,12].
In our case, there was no angina pectoris history. To date,
the PXE gene was determined to be on 16p13.1 localization
with a distance of 500 kb. Gen mutation named as ABC-C6
(MRP-6), has been identified in 80% of cases showing
PXE phenotype[17,18]. Generally, the presence and severity
of clinic results in PXE cases (skin, eye, vascular) have not
been associated with inheritance modality. The differention
of the results even in the same family members, indicates
the mixed nature of the disease requiring appropriate
environmental conditions such as diet or hormonal status,
alongwith genetic predisposition[5,6]. In light of this case, the
importance of applying systemic and genetic screening due
to consideration of PXE in differential diagnosis for the
same family members manifesting xantomatous skin lesions,
was underlined.
In conclusion, pseudoxantoma should be considered
and investigated by skin biopsy in especially female
cases with pregnancy and repetitive hemorrhage of
upper gastrointestinal system when specific skin and
eye symptoms are present in neck, axillary, and inguinal
regions. In upper gastrointestinal system bleedings without
any apparent cause, pseudoxantoma elasticum diagnose
should be considered and investigated.
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Abstract
We present a case of a 25-year-old female with
diagnosed familial adenomatous polyposis and elevated
carcinoembryonic antigen with negative family history.
The suspicion of Gardner's syndrome was raised because
extirpation of an osteoma of the left temporo-occipital
region was made 10 years ago. Restorative proctocolectomy and ileal pouch anal anastomosis was made
but histology delineated adenocarcinoma of the rectum
(Dukes C stage). We conclude that cranial osteomas
often precede gastrointestinal manifestations of familial
adenomatous polyposis or Gardner's syndrome and
such patients should be evaluated with genetic testing
followed by colonoscopy if results are positive to prevent
the development of colorectal carcinoma. If the diagnosis
is positive all family members should be evaluated for
familial adenomatous polyposis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Familial adenomatous polyposis (FAP)[1] and Gardner’s
www.wjgnet.com

syndrome (GS)[2] were originally described as two different
syndromes. The incidence of FAP is between 1 in
8300 and 1 in 14 025 live births affecting both genders
equally, with a uniform worldwide distribution [3]. The
incidence of GS is lower and is characterized by Gardner’
s triad: intestinal polyposis and various bone and softtissue tumors, including osteomas, epidermal inclusion
cysts, lipomas, fibromas, and desmoid fibromatoses[4-8].
Cong enital hyper trophy of the retinal pigmented
epithelium (CHRPE)[9], dental malformations[10], benign
cystic lung tumours[11], mesenteric fibromatosis, dental
abnormalities, gastric polyps, duodenal polyps, lymphoid
hyperplasia of the terminal ileum and ileal adenomas
represent facultative signs. If left unchecked, patients
with GS inevitably develop intestinal carcinoma at a
much younger age than those with sporadic intestinal
carcinoma[12]. It is important, therefore, to identify GS
early. Typically, the soft-tissue lesions occur first, alerting
the clinician to the possibility of GS, because they
are often numerous, superficial, and occur before the
development of intestinal polyps. Because of variable
expression of adenomatous polyposis coli (APC) gene
mutations associated with GS, a wide range of phenotypes
are observed clinically, with some patients having few softtissue lesions. The presence of desmoid fibromatoses,
normally uncommon in young patients, should signal the
presence of underlying GS[4-7]. The clinical spectrum of
the disease presentation is variable and often diagnosis
is delayed, despite the presence of clues for a significant
amount of time.
We present the case of a 25-year-old girl with Gardner’s
syndrome that was diagnosed due to the finding of FAP
and cranial vault osteoma resected 10 years before the
diagnosis of FAP.

CASE REPORT
A 25-year-old female presented with abdominal cramps,
especially after defecation, lasting for 10 years. From
August 2005 abdominal pain was more severe, occasionally
with blood in the stool. In August 2006 she was examined
by the gastroenterologist. Colonoscopy delineated
numerous polyps carpeting the entire colon and rectum,
mostly sigmoid colon and rectum which was consistent
with the diagnosis of FAP. Polypectomy of 4 polyps
showed low grade dysplasia. Carcinoembryonic antigen
was 10.38 ng/mL, the normal values being < 3.4 ng/mL.
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Figure 1 A: Cranial CT with iv. contrast showing osteoma
�����������
of the
����������������������������������
left temporooccipital region��;� B�: ����������������
Proctocolectomy specimen
�����������������
showing multiple
��������� polyps
������� predominantly
�������������� in
�������
sig�
moid colon and rectum. Arrow shows the site of rectal carcinoma��.

The clinical suspicion of GS was raised because extirpation of an osteoma of the left temporooccipital region
with osteoplastic craniotomy was made in 1995. That
lump was present from the early childhood but in 1995 it
grew larger and then she sought medical attention. Skull
X-ray showed bone thickening and then CT showed 4
cm bone thickening without intracranial extension (intact
inner table). Soft tissue thickening above this lesion was
also evident (Figure 1A). The diagnosis of cancellous,
trabecular type osteoma was confirmed histologically.
No family history of colonic carcinoma or polyposis
was found. She has two sisters who recall that she is the
only sister who have had an abdominal cramps from
the early childhood. Esophagogastroduodenoscopy
and small bowel follow through were normal. The next
step was a restorative proctocolectomy with ileal pouch
anal anastomosis (RPC/IPAA) and mucosectomy. One
suspicious transmural lesion was marked with a stitch
for more detailed examination (Figure 1B). Pathology
of the colon specimen confirmed the diagnosis of FAP.
Colonic polyps were tubular adenomas with low grade
dysplasia. Part of the rectum marked with the stitch was
adenocarcinoma (Dukes C stage). 5-FU/leucovorin based
chemotherapy was initiated after 3 wk because there were
no postoperative complications. On discharge, it was
recommended that all first-degree family members should
be evaluated for FAP.

DISCUSSION
GS is considered a variant of FAP, in which certain
extracolonic manifestations (e.g., osteomas and fibromas)
develop. GS is caused by truncating mutations in a portion
of the APC gene (codons 1403 and 1578) that differs from
classic FAP (codons 169-1600), attenuated FAP (amino
terminal to codon 157), and congenital hypertrophy of
the retinal pigmented epithelium (codons 463-1387)[13].
Nonetheless, there is evidence that even patients with
identical mutations may have different phenotypic
expressions for reasons that are not clear[13]. The majority
of individuals have a family history of this pathology,
but 25% of patients can present with a new dominant
mutation (de novo mutation) and be the first member of the
family affected[14]. These patients are generally not under
medical survaillance before they have bowel symptoms,
and 67% of them will have developed colorectal

cancer[15]. In 100% of all untreated patients, cancer of
the large intestine develops before the age of 40. Hence,
prophylactic colectomy is indicated[16,17], although desmoid
tumors of the mesenteric and abdominal wall may develop
after surgery[18].
The frequency of osteomas noticeable by sight or
palpation after clinical examination are found in 21%-24%
of polyposis patients from families with GS [19,20]. The
majority of osteomas remain occult; the incidence in the
general population is 0.014%-0.43%. The incidence is
higher in female patients, predominantly in the 2nd and
3rd decades of life and is rare in puberty[21,22]. Cranial vault
osteomas are less frequent than skull base osteomas and
can be either enostotic (inner table) or exostotic (outer
table)[23,24]. Mandibular osteomas are the commonest and
largest[25-27]. The CT is the best imaging technique for the
diagnosis of an osteoma. Histologically, the osteomas are
normally formed by trabeculas of bone laminated with
fibroadipose tissue. In the case of enostosis, these consist
of compact islets of mature laminated bone[28]. Osteomas
in the facial bones and cranium are common in patients
affected by GS in contrast to the general population.
Osteomas often precede the diagnosis of FAP, the fact
that is important for early detection of these patients[27].
Genetic testing is the most efficient mode of
identifying gene carriers in a FAP relative. In cases where
the exact sequence of a mutation is known in one family
member, direct sequencing directed at the region of the
APC gene thought to be affected has been shown to
be 90% cost effective and accurate[29]. Linkage analysis
to markers on chromosome 5q, protein tr uncation
testing, direct sequencing, conformation-sensitive gel
electrophoresis, and single-strand, conformation-sensitive
gel electrophoresis all have accuracies 70%-90%[30]. Splice
site defects or gross genomic alterations may have been
underestimated by the older testing methods and require
cDNA screening and gene rearrangement testing [31] .
Genetic risk assessment should precede the initiation of
regular endoscopic screening[32]. Screening colonoscopy
should begin at age 10-12 years for patients who are
known to have APC mutations[33].
Congenital hyper trophy of the retinal pigment
epithelium (CHRPE) refers to the presence of characteristic
pigmented fundus lesions that occur in 70%-80% of
patients with FAP[9]. These ophthalmic manifestations are
usually present at birth, largely preceding the development
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of intestinal polyposis, and are asymptomatic with no
malignant potential. They are specific to FAP, as opposed
to other hereditary or sporadic colonic cancers [34]. The
diagnostic criteria with the highest specificity/sensitivity
for CHRPE include the detection of four small pigmented
lesions, or two lesions of which one is large (> 25% of disc
surface), using bilateral lens fundoscopic examination[35].
The presence of multiple bilateral lesions appears to be a
highly specific marker for FAP (95%-100% specificity)[36].
This makes ophthalmological examination an attractive
noninvasive and early diagnostic test for at-risk family
members, aside from genetic testing.
In conclusion, we presented a case of GS with a
typical clinical presentation, unfortunately unrecognized
in the early stage. Cranial vault osteoma preceded
significant g astrointestinal manifestations for 10
years. Successful RPC/IPAA was made with excellent
immediate postoperative results with early institution of
chemotherapy. According to the oncologic principles,
the RPC/IPAA should not be performed in cases of
histologically confirmed carcinoma because postoperative
complications associated with IPAA would lead to
significant delay in institution of chemotherapy. Seventysix to 93% of patients with FAP having no clinical signs
of Gardner’s syndrome have osteomas[37,38]. The rarity of
the osteomas, their presentation at the same age as FAP
and their often earlier presentation than gastrointestinal
symptomatology in patients with Gardner’s syndrome
should lead to adoption of the rule that all diagnosed
cranial osteomas should be followed by ophthalmic and/or
genetic testing for FAP followed by colonoscopy if
the results are positive. With the confirmed diagnosis
of FAP or Gardner’s syndrome, endoscopic evaluation
should include stomach, duodenum and small bowel to
prevent the development of adeno-carcinoma sequence
in these regions. Biopsies of abnormal plaques of tissue
or random biopsies of duodenal mucosa in patients
with macroscopically normal appearances should be
taken to allow the Spigelman stage to be determined,
and the findings at each endoscopy used to stratify the
patients’ risk, and determine the surveillance interval and
management[39,40]. The vast majority of gastric polyps are
fundic gland polyps which are hamartomas that harbor
little if any malignant potential. At present there are
insufficient data to recommend that management decisions
regarding upper gastrointestinal neoplasia in FAP guided
by mutation status. Proposed algorithms for screening
probands and unaffected first-degree relatives with FAP
are made by Galiatsatos et al [41]. Although heightened
awareness, endoscopic surveillance, and the establishment
of polyposis registries have successfully decreased the
incidence and mortality from colorectal carcinoma, the
challenge now lies in determining the optimal screening
and therapeutic modalities for associated extracolonic
malignancies that are consequently becoming more
prominent. After prophylactic colectomy, FAP patients may
still die from rectal cancer (if an ileorectal anastomosis was
performed or cancer occurs in the rectal cuff remnants),
from desmoid tumors, duodenal cancers, or from other
uncommon complications[42,43]. These patients require life-
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long observation, medical (including nutrition and vitamin
supplements) and emotional support.
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Abstract
Malnutrition is associated with poor outcomes in
critically ill patients. Although nutritional support is yet
to be proven to improve mortality in non-malnourished
critically ill patients, early enteral feeding is considered
best practice. However, enteral feeding is often limited
by delayed gastric emptying. The best method to
clinically identify delayed gastric emptying and feed
intolerance is unclear. Gastric residual volume (GRV)
measured at the bedside is widely used as a surrogate
marker for gastric emptying, but the value of GRV
measurement has recently been disputed. While the
mechanisms underlying delayed gastric emptying require
further investigation, recent research has given a better
appreciation of the pathophysiology. A number of
pharmacological strategies are available to improve the
success of feeding. Recent data suggest a combination
of intravenous metoclopramide and erythromycin to be
the most successful treatment, but novel drug therapies
should be explored. Simpler methods to access the
duodenum and more distal small bowel for feed delivery
are also under investigation. This review summarises
current understanding of the factors responsible for, and
mechanisms underlying feed intolerance in critical illness,
together with the evidence for current practices. Areas
requiring further research are also highlighted.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Malnutrition in general ward patients is associated with
a prolonged length of stay [1], and increased infective
complications [2,3] . Evidence that nutritional support
of critically ill patients results in improved outcome
is, however, limited. Descriptive studies indicate that
underfeeding in the critically ill may be associated with
an inability to wean from mechanical ventilation [4] and
an increase in complications, particularly infections[5]. It
is not clear whether these effects are causal or relate to
an inability to achieve nutritional goals in patients with
increased illness severity. However, severe underfeeding
(less than 25% of requirements), increases the risk of
nosocomial blood stream infections independent of illness
severity[6]. In addition, the implementation of an algorithm
to improve nutritional delivery in intensive care showed
that this approach not only improved the provision of
nutrition, but was also associated with a decreased hospital
length of stay and a trend to decreased hospital mortality[7].
Despite the lack of unequivocal benefit on mortality,
nutritional support is an accepted standard of care.
All of the feeding approaches used in the critically
ill are associated with potential complications. Enteral
nutrition, usually via a nasogastric tube, may lead to
gastro-oesophageal reflux, with both overt and micro
pulmonary aspiration, which potentially increases the risk
of nosocomial pneumonia[8,9]. Total parenteral nutrition
(TPN) on the other hand is associated with complications
due to the insertion and presence of a central line, sepsis,
increased cost and possible bacterial translocation across
an atrophic gut mucosa. While TPN readily provides full
nutritional support, enteral nutrition is less successful and
only 50% of patients’ nutritional goals are met using the
enteral route of nutrient delivery[6,10-12]. Inability to achieve
an enteral feeding target is commonly due to cessation
of feeds, with the decision to stop mostly due to delayed
gastric emptying. In clinical practice this diagnosis is
based on large gastric residual volumes (GRV)[11], despite
a paucity of evidence to support this decision making
process. The accuracy of GRV estimation and its use in
www.wjgnet.com
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feeding protocols is contentious (see below). Nonetheless
enteral nutrition is currently considered to be superior
to TPN, and early successful enteral nutrition to be best
clinical practice[13]. Improving the success of nasogastric
administration of nutrient requires an understanding of
the gastrointestinal disturbances that underlie slow gastric
emptying and developing strategies to treat these.
Current knowledge of these dysfunctions is incomplete,
but recent studies have gone some way towards clarifying
the mechanisms responsible for impaired nutrient delivery.

Appreciation of the pathophysiolog y obser ved in
critical illness requires an understanding of normal
gastric and small intestinal motility. In health, the rate
of gastric emptying is regulated via an integration of
motor activity[14,15]. These motor patterns are determined
by a mixture of neural and humoral mechanisms
which modulate intrinsic myogenic activity. Regular
depolarisation, which varies in frequency according to
the region of the gut, is initiated by “pacemaker” activity
from a network of cells embedded in the GI tract called
interstitial cells of Cahal. Whether or not electrical activity
initiates mechanical contraction, and the amplitude of
such contractions, is determined by the influence of
neural and humoral factors[16]. Extrinsic neural influence is
largely mediated by the vagus, with parasympathetic effects
causing an increase in motility. Sympathetic innervation
from the prevertebral ganglia is inhibitory. A large number
of hormones including cholecystokinin (CCK), peptide
YY (PYY), motilin, glucagon like peptide-1 (GLP-1) and
ghrelin are involved in regulation of this gut motility.
The motor activity of the gut differs between the
fasting and fed state. Fasting motility is divided into
three phases which migrate along the upper gut (the
migratory motor complex); phaseⅠis characterised by
quiescence, phase Ⅱ by irregular contractile activity and
phase Ⅲ by periods of regular contractions sometimes
referred to as the activity front[17]. Propulsion of luminal
contents occurs mainly during late phase Ⅱ or phase
Ⅲ, minimising stagnation of contents and subsequent
bacterial proliferation. The precise regulation of MMC
activity is unclear, but phase Ⅲ activity can be triggered by
stimulation of motilin receptors.
Ingestion of nutrients results in a postprandial pattern
of activity. The proximal stomach acts as a reservoir
(and provides a pressure gradient to control delivery of
nutrient to the distal stomach) with the fundus relaxing
in response to small intestinal nutrient. Subsequently, the
fundus undergoes slow sustained contractions, which may
act to distribute contents distally and is believed to have
a major role in the control of liquid emptying[18,19]. Postprandial activity in the distal stomach is characterised by
irregular contractions which aid mixing and propagation
of nutrient along the gastrointestinal tract. Mixing is due
to intermittent isolated antral waves contracting against
a closed pylorus. Gastric emptying of nutrient occurs
predominantly in a pulsatile fashion when peristaltic
www.wjgnet.com
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Figure 1 Manometric tracing from healthy and critically ill subjects during
duodenal feeding (1 kcal/min). Location of pressure sensors is shown on left. In
the healthy subjects antral and duodenal peristalsis is seen, whilst the increase in
activity in the pylorus in the critically ill is associated with absent antral activity[36].

wave activity continues through an open pylorus, aiding
movement of contents into the duodenum [19,20] . The
peristaltic wave is dependent on the integration of motor
activity in the proximal and distal stomach, as well as the
proximal small intestine[14,21,22].
The distal stomach and proximal small intestine
behave as a functional unit and regulate gastric emptying
of solids and liquids. This antro-pyloro-duodenal region
is characterised by patterns of motility. These patterns
include intermittent isolated pressure waves which vary
in frequency and amplitude and coordinated propagated
(peristaltic) pressure waves which migrate for variable
distances through the antrum, across the pylorus and into
the duodenum [23]. Transpyloric flow occurs as a result
of both peristaltic and non-peristaltic antro-duodenal
gradients[20,23]. The rate of transpyloric flow is regulated
by feedback from receptors in the small intestine[24], where
nutrient triggers neurohumoral responses resulting in
reduced antral waves and increased isolated pyloric motor
activity. In addition to the variation in isolated waves there
is a reduction in antegrade propagating pressure waves[25-27].
This results in decreased transpyloric movement of
nutrient and limits its delivery into the small intestine to
2-3 kcal/min[14,28,29].

UPPER GASTROINTESTINAL MOTOR
DYSFUNCTION IN CRITICAL ILLNESS
Delayed gastric emptying is common in the Intensive Care
Unit, occurring in approximately 50% of mechanically
ventilated critically ill patients[30-35]. In these patients both
fasting and fed motility of the upper GI tract are frequently
impaired[36,37]. There is a virtual absence of gastric phase
Ⅲ motility during the fasting state, although the frequency
of phase Ⅲ activity in the duodenum appears normal[38]
perhaps reflecting a loss of integration within the antropyloro-duodenal unit. During feeding, however, a number
of additional abnormalities become apparent. These include
delayed fundal relaxation, prolonged recovery[39], reduced
antral motility[36,38] and increased isolated pyloric activity
(Figure 1). These occur when the small intestine is exposed
to even low levels of nutrients and are likely to result in
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delayed gastric emptying[36]. Thus delayed gastric emptying
may reflect hypersensitivity to small intestinal nutrient. In
contrast to delayed fundal relaxation and impaired antral
motility, duodenal activity usually persists[36,37] (although the
organisation of duodenal activity is frequently abnormal)[40]
and may explain why, in the absence of prokinetics, post
pyloric feeding may potentially be more successful than
gastric enteral nutrition.
The mechanisms underlying motor dysfunction in critical
illness are uncertain. However, concentrations of CCK and
PYY, which normally increase when nutrient reaches the
small intestine in health, are markedly increased in critical
illness especially in those intolerant of enteral feeding[41,42]. It
is, therefore, possible that CCK and PYY may mediate the
enhanced entero-gastric reflex described above.
Inflammatory cells in the intestinal wall contribute to
motility disturbances after surgery. Surgical manipulation
of the small intestine activates macrophages to release
cytokines and cause an additional leukocyte response in
the muscularis externa[43]. In murine models this has been
suggested to contribute to delayed gastric emptying [44].
However, while inflammation from a local insult has been
shown to cause altered motility in the post-operative
setting, the impact of inflammation from systemic nonoperative insults is unknown. The effect of inflammation
on motility in critical illness warrants further investigation.

RISK FACTORS FOR FEED INTOLERANCE
The aetiology of upper gastrointestinal motor dysfunction
in critical illness is unclear, but is probably multifactorial.
Potential factors implicated include the admission diagnosis,
pre-existing illnesses, electrolyte abnormalities (such as
hyperglycaemia), age, gender, drugs (such as narcotics or
catecholamines), recent abdominal surgery, shock, and
circulating cytokines[45]. Illness severity, quantified as an
APACHE Ⅱ score (calculated using age, physiological
variables and chronic health conditions) also correlates with
delayed gastric emptying[46].
Admission diagnosis
Gastric emptying data suggest that there are high risk groups
for feed intolerance. These include patients with burns[32,33],
head injuries [34], sepsis and multi-trauma [46]. However,
patients with burns who are fed early and aggressively have
a low incidence of feed intolerance[47] implying that earlier
feeding is protective.
Premorbid conditions
Patients with premorbid disordered glucose metabolism
are frequently admitted to the ICU[48] and delayed gastric
emptying occurs commonly with diseases such as diabetes
mellitus. However, critically ill patients with pre-existing
type 2 diabetes appear to have normal or even rapid
gastric emptying of liquid nutrient compared to nondiabetics [49]. Faster emptying in diabetics may initially
appear counter intuitive, but in non-critically ill diabetic
patients, gastric emptying of liquid nutrient is also quicker
when compared to volunteers without diabetes[50-52]. This
is in direct contrast with the delay in gastric emptying
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of solid or semi-solid meals, in diabetics. As previously
mentioned the proximal stomach contributes to normal
gastric emptying. Critically ill patients without diabetes
have impairment of proximal gastric relaxation leading
to delayed emptying. However, in the critically ill patient
with pre morbid type 2 diabetes, the proximal stomach
relaxes, distends and accommodates a larger volume during
infusion of duodenal nutrition, which is a response that
mirrors what occurs in normal healthy physiology[53,54]. In
addition, critically ill diabetic patients have preservation
of fundal waves while the non diabetic critically patients
have decreased frequency of isolated waves in the fundus.
Fundal waves may aid progression of nutrient in critical
illness [53]. The exact mechanism causing this “pseudo
normalization” of gastric motility and gastric emptying is
unknown, but may be related to autonomic neuropathy
in the diabetic patient, potentially causing a loss of the
enhanced enteric feedback process that is common to
critical illness.
Increasing age has been associated with a slowing of
gastric emptying in healthy volunteers[55,56]. As ICU patients
are, in general, older than the non-hospitalised population,
it would be anticipated that age might contribute to the
delay in gastric emptying seen in critical illness. Elderly
critically ill patients are at increased risk of delayed
emptying compared to younger patients[33,46]. Gender has
also been reported to impact on gastric emptying in health,
with women having slower emptying rates compared to
men[57-59], although this association, unlike age, does not
seem to apply in the critically ill[33].
Electrolyte abnormalities
Hyperglycaemia occurs frequently in critically ill
patients, even in patients with normal baseline glucose
homeostasis [48] . In health, hyperglycaemia impairs
gastrointestinal motility and gastric emptying [60], so it
follows that the critically ill also have an association
between hyperglycaemia and delayed gastric emptying, with
a subsequent effect on feed intolerance[61]. As discussed
previously, eugylcaemic diabetic patients do not have an
increased incidence of delayed gastric emptying and feed
intolerance.
Drugs
Many dr ugs used in the critically ill can potentially
influence gastrointestinal motility. Of particular concern
are sedatives, analgesics and vasopressor agents. Both
endogenous and administered opiates, acting via mu
receptors, may disrupt upper gastrointestinal motility[62-66].
The impact of opiates, on the gastrointestinal tract, is due
to both central effects and peripheral opioid receptors
located in the gut. Low dose epidural morphine delays
gastric emptying [67] and causes disordered motility [66]
implying a central effect is important. The effect of
receptor agonism is additive when both spinal and
parenteral morphine are administered together[65]. Opiates
slow gastric emptying as a result of decreased gastric
tone[64] and antral contractions[68] with retrograde duodenal
activity[66]. Although opiates have been associated with
delayed gastric emptying in the critically ill [33], similar
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abnormalities have also been observed in critically ill
patients not receiving exogenous narcotics [36] . Using
propofol as a sedative in the critically ill is considered by
clinicians to cause less slowing of gastrointestinal function.
This belief is based on studies in healthy people; where
low doses of propofol appear to have limited effects on
gastric emptying in healthy humans[69,70] and because using
propofol in combination with morphine attenuates the
decrease in gastric tone usually seen when the opiate is
used as a single agent. However, the evidence is far from
conclusive. While propofol improved gastric tone during
morphine administration, it had no effect on actual gastric
emptying [64] and in animal models propofol prolonged
phase 1 motility during fasting in pigs[71]. The effects of
propofol on gastrointestinal motor function may be dose
related as the drug, at anaesthetic doses, reduces gastric
emptying and increases intestinal transit time in mice[72].
In humans it remains difficult to accurately compare
sedative agents in critically ill patients, as intensivists have
usually avoided a propofol based sedative regime in the
more acutely ill population because of concerns with
hypotension and the likelihood of prolonged sedative use.
No prospective comparison of propofol and morphine,
adjusted for illness severity, has confirmed superiority
of propofol on gastric emptying. In addition, propofol
has been associated with feed intolerance in head injured
patients [73] and it may be prudent to avoid a dogmatic
belief in the benefits of propofol for feeding tolerance.
Midazolam, a benzodiazepine often prescribed with an
opiate as a combination sedative in the ICU, also reduces
gastric emptying and prolongs gastrointestinal transit[72].
High concentrations of circulating catecholamines,
either endogenous or exogenous, are common in critically
ill patients. Adrenaline reduces gastric emptying by a betaadrenergic effect[65]. This is likely to be a class effect, as
low dose dopamine compared to placebo adversely affects
gastroduodenal motility in the critically ill[66]. In addition,
high dose catecholamines have been associated with a
reduction in the prokinetic effect of erythromycin[45].

IDENTIFICATION OF FEED INTOLERANCE
& DELAYED GASTRIC EMPTYING
Gastric emptying is rarely directly measured in the critically
ill other than for research purposes. Regular measurement
of gastric residual volume (GRV) during the infusion
of enteral nutrition has been considered a convenient
clinical tool by many clinicians and is used as a surrogate
to indicate gastric emptying, success of feeding and
potential risk of aspiration. Despite acceptance of GRV
in feeding protocols by the majority of ICUs, the utility
and significance of this measurement is controversial as
it is dependent on a number of factors. These include the
position of the tube, tube characteristics (such as tube
type and number of openings), the volume of syringe
used[74] and the operator performing the test[75]. GRV is
usually performed every 4-6 h and, unlike the continuous
monitoring of other end organ function, the significance
of a ‘snap shot’ or a one off value may be hard to
interpret. In addition, the relationship between GRV and
www.wjgnet.com
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gastric emptying is weak[32,35,74]. These factors have lead
to a lack of consensus on an acceptable value for GRV
during enteral feeding. Computer simulated modelling
suggests that GRV should plateau between 232 and 464
ml during enteral feeding at a rate of 25-125 mL/h[76].
Currently the majority of intensive care units have
protocols for feeding that consider a change in delivery
rate or site if the GRV is between 150-400 mL/s. The
evidence for this is limited, as 25% of patients with a GRV
> 150 mL have normal gastric emptying and can continue
to be fed successfully without prokinetics[77]. In addition,
and of more importance clinically, is that the high rate of
aspiration and oesophageal regurgitation observed in these
patients is independent of GRV[78]. As the current clinical
significance of GRV is uncertain a convenient, continuous
and more reliable test of gastric emptying would assist in
the nutritional management of these patients.

TREATMENT OPTIONS
Failure of delivery of nasogastric nutrition is usually
managed either by phar macological inter vention or
a change in the route of delivery of feeding. Various
prokinetic agents are available but few, to date, have been
studied in depth in critically ill patients.

PHARMACOTHERAPY
Metoclopramide
Metoclopramide is a dopamine receptor antagonist with
central and peripheral effects, as well as weak 5-HT 3
receptor antagonism and 5-HT 4 agonism [79]. The drug
releases acetylcholine from gut neurones, antagonising
the inhibitory effect of dopamine on gastrointestinal
motility. Jooste et al[80] demonstrated that metoclopramide
improved gastric emptying in critically ill patients.
However, recent data [81,82] have shown that in critically
ill patients rapid tachyphylaxis occurs, such that at 7 d,
only 25% of patients given metoclopramide will
continue to be fed successfully. The recommended dose
of metoclopramide is 10 mg TDS or QID as there is
limited evidence of improved efficacy at higher doses in
the critically ill. Without supporting evidence it remains
prudent to limit the dose administered in the non-research
setting because of the neurological side effect profile of
the drug. Metoclopramide is ineffective as a prokinetic in
head injured patients[73] and potentially has a deleterious
effect in patients at risk of raised intracranial pressure[72].
As such other agents are preferred in patients who have
suffered a significant neurological insult.
Erythromycin
The macrolide antibiotic, erythromycin, when administered
in sub-antibiotic doses (70-250 mg), acts as a motilin
agonist and stimulates gastric motility. Motilin receptors
are found in abundance in the gastric antrum and proximal
duodenum and induce contractions in the gastrointestinal
tract. Intravenous erythromycin increases antral motility
and accelerates gastric emptying in unselected critically
ill patients [83] and reduces GRV in critically ill patients
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Figure 2 Kaplan Meier plots comparing the effects of erythromycin (200 mg IV
BD) and metoclopramide (10 mg IV QID) in the treatment of feed intolerance.
Significant tolerance developed to both drugs over 7 d. The combination of both
drugs is effective rescue therapy[81].

with feed intolerance[84]. Erythromycin is a more effective
prokinetic than metoclopramide in this patient group[81,82].
However, as with metoclopramide, its efficacy decreases
over time so that after 7 d of treatment only about 45%
of patients remain tolerant to nasogastric feeding. The
combination of erythromycin and metoclopramide is
superior to either drug alone with less tachyphylaxis
(Figure 2). Using a combination of the two drugs, 70% of
patients can be successfully fed by nasogastric tube at 6 d[82].
Enthusiasm for the use of erythromycin is tempered by
fears of cardiac toxicity and bacterial resistance. Clinicians
should remain vigilant to drug interactions in critically
ill patients, as patients may be on multiple drugs (such
as amiodarone and haloperidol) that predispose to a
prolonged QT interval. It is likely that cardiac toxicity is
minimised by using low dose therapy. A recent report by
Ritz et al[85] demonstrated 70 mg erythromycin IV to be as
effective as 200 mg in improving gastric emptying in the
critically ill. Currently intravenous erythromycin is available
in 500 mg ampoules and it may be easier to administer 100
mg rather than 70 mg at the bedside. The optimal timing
between doses has not been clarified but is probably
between BD and QID. Bacterial resistance remains a
concern, regardless of dosing schedule, and investigation
of motilin agonists without antibiotic effect or other
unrelated agents is warranted.
Opiate receptor antagonists
As opiate administration may be an important cause of
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Figure 3 Plasma CCK concentrations during fasting and duodenal nutrient
stimulation in both feed tolerant and intolerant critically ill patients. Plasma levels
of CCK for feed tolerant patients match those seen in healthy subjects receiving
intra duodenal nutrition. Feed intolerant patients have higher levels whilst fasting
and during enteral nutrition compared to feed tolerant (aP < 0.01)[41].

reduced gastrointestinal motility and unsuccessful feeding
in the critically ill, opiate antagonists are logical options for
treatment. To avoid antagonism of required analgesic and
sedating properties naloxone has been administered via a
nasogastric tube. Eight mg naloxone administered every 6 h,
via nasogastric tube, reduced GRV in 84 mechanically
ventilated patients who were receiving Ⅳ fentanyl. The
treatment group also had a lower incidence of ventilator
associated pneumonia (VAP)[86]. However, the decreased
incidence of VAP in the naloxone group did not lead to a
reduction in time to wean from mechanical ventilation, or
time to discharge from ICU and the efficacy of naloxone
requires confirmation. As naloxone is packaged in 400 µg
ampoules, a dose of 8 mg involves the inconvenience
of opening 20 ampoules 4 times a day. This restricts
easy administration and increases expense, which may
have limited the uptake of this approach. There has
also been research into other mu receptor blockers,
such as Alvimopan, a peripherial mu-opioid receptor
antagonist. Importantly, unlike naloxone this agent does
not antagonise opioid analgesia[87]. Alvimopan reverses
the inhibitory effect of opiate on small bowel motility as
measured by scintigraphy[88] and has been used successfully
in postoperative patients to shorten both the time to bowel
recovery and time to discharge from hospital[89]. However,
it has not been formally assessed in critically ill patients.
CCK receptor antagonists
Elevated CCK levels inhibit gastric emptying and motility in
health[90] and are associated with feed intolerance in critically
ill patients (Figure 3)[41]. CCK1 receptor antagonists have
been reported to improve lower oesophageal sphincter
function and accelerate gastric emptying. This class of drug
therefore has potential as an effective treatment for delayed
gastric emptying and feed intolerance in the critically ill but
this has not been examined.
5-HT4 receptor agonists
Serotonin (5-Hydroxytryptamine), a monoamine neurotransmitter, acts on a variety of receptor types in the
gastrointestinal tract with the effect of serotonin depending on the receptor type that is expressed[91]. As 5-HT4
www.wjgnet.com
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stimulates peristalsis there had been interest in the use of
these drugs as prokinetic agents, following their successful
use in irritable bowel syndrome[92]. Tegaserod, a serotonin
partial agonist, had been reported to increase gastric motility
in critically ill patients[93]. However, in March 2007 the FDA
requested Tegaserod be withdrawn due to an increase in
cardiovascular side effects. The mechanism of this unclear,
but reminds critical care clinicians to remain cautious
when prescribing recently introduced drugs for off licence
indications.
Ghrelin
Ghrelin is a natural ligand for the growth hormone (GH)
receptor[94] and has strong GH releasing activity. A motilin
related peptide, ghrelin has a number of other actions
including stimulation of appetite (hence the label of the
“fattening” peptide[95]), gastrokinetic effects and positive
inotropic effect on the circulation[96]. The motility effects
include induction of gastric phase Ⅲ contractions as well
as increasing the resting tone of the proximal stomach[94].
Ghrelin has been successfully used as a prokinetic in
diabetic gastroparesis[97]. Treatment with an agent that has
anabolic effects, improves gastrointestinal motility as well
as providing circulatory support has inherent desirable
properties. However, there are no data as yet on the use of
ghrelin in the critically ill, and enthusiasm for exogenous
administration of the peptide is tempered by previous
studies where the use of GH in the critically ill was
associated with increased mortality[98].

NON PHARMACOLOGICAL APPROACHES
Post pyloric feeding tubes
In patients with delayed gastric emptying successful
feeding may be achieved with post pyloric feeding tubes[99].
Systematic reviews, however, have failed to demonstrate
an impact of this practice on nutritional delivery or clinical
outcomes after early initiation of post pyloric feeding[100,101].
Furthermore, in patients who fail nasogastric feeding,
post pyloric tubes and prokinetic therapy are equally
effective[102]. Thus current recommendations are that post
pyloric feeding should be reserved for patients who fail
nasogastric feeding and do not respond to prokinetics.
Enthusiasm for post pyloric nutrition is moderated
by the lack of an accepted technique to place the feeding
tubes. Ideally, the technique would be easy to learn,
have a high success rate, incur minimal cost and require
only portable equipment so that the patient need not be
transported out of the unit. Passing feeding tubes into
the duodenum is difficult in the critically ill and rapid
placement usually requires fluoroscopic or endoscopic
support. Access to either technique is limited in many
Intensive Care Units. Insertion of post pyloric feeding
tubes, without endoscopy or radiological imaging, has been
reported using various proprietary tubes and techniques.
In general such devices either rely on self-migration or
magnetic guidance. The Tiger TubeTM (Cook Medical) has
small plastic tabs which allow the tube to be captured by
peristalsis and carried distally. Anecdotal reports suggest
it is faster than blind placement by the bedside. A large
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multi-centre study is currently recruiting in Australia that
will compare nutrient delivery with a post pyloric Tiger
Tube against standard nasogastric feeding. However,
concerns have been expressed about the potential for periprocedure bleeding and there has been published reports
of mucosal damage [103]. It would seem prudent to be
cautious about long term placement, as well as insertion
or removal of the tube if a coagulopathy is present. The
GabrielTM feeding tube (Syncro Medical Innovations) uses
a magnet to guide the tip of the tube through the pylorus.
Another electromagnetic device is the CorTrakTM (Viasys
Medisystems) which relies upon an electromagnetic field
transmitted from the catheter tip measured by a receiver
placed unit on the patient. This signal is transferred to a
graphic display to guide and confirm placement. These
two techniques appear safe, and are easy to use, with high
success rates of tubes rapidly entering the duodenum[104-106].
An alternative approach uses erythromycin, air insufflation
and stomach ECG [107]. This has achieved post pyloric
placement success rates (up to 90%) that are equivalent
to the proprietary tube approaches. This approach is
more economical than proprietary tubes, endoscopy or
fluoroscopy.

CONCLUSION
Provision of adequate nutrition in critical illness is generally
accepted as desirable and early feeding is considered
superior to delayed feeding. The enteral route is preferred
as it is cheaper, and may be associated with less sepsis;
however, the high incidence of gastric and small intestinal
dysmotility slows gastric emptying and often limits
nasogastric delivery of nutrients. Although in widespread
use, gastric residual volumes are an unreliable measure
of gastric emptying, may underestimate tolerance to
nasogastric feeding and do not predict complications such
as regurgitation and aspiration. Delayed gastric emptying
probably results from disturbances in the frequency and
organisation of contractions in both the proximal and
distal stomach. Increased neuro-hormonal feedback in
response to relatively small amounts of nutrient in the
small intestine, possibly mediated by CCK may contribute
to this motor dysfunction. Awareness of patients at risk
for delayed gastric emptying and pre emptive management
may decrease the incidence of feed intolerance amongst
critically ill patients. The current best treatment of patients
who fail nasogastric feeding is prokinetic therapy. A
combination of erythromycin and metoclopramide may
reduce the common problem of tachyphylaxis. The dose
of erythromycin to promote motility may be smaller than
previously appreciated and could alleviate some concerns
relating to adverse side effects. If prokinetics fail, delivery
of post pyloric nutrition should be considered. Changes
in nutritional management in the future may include
better means to identify patients at risk of delayed gastric
emptying, accepting higher gastric residual volumes, and
the use of nutrients designed to optimise gastric emptying.
Novel agents, including antagonists to CCK or opiates,
as well as agonists of grehlin or motilin, need further
investigation.
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Abstract
Hepatic veno-occlusive disease is a clinical syndrome
characterized by hepatomegaly, ascites, weight gain
and jaundice, due to sinusoidal congestion which can
be caused by alkaloid ingestion, but the most frequent
cause is haematopoietic stem cell transplantation (STC)
and is also seen after solid organ transplantation. The
incidence of veno occlusive disease (VOD) after STC
ranges from 0 to 70%, but is decreasing. Survival is
good when VOD is a mild form, but when it is severe and
associated with an increase of hepatic venous pressure
gradient > 20 mmHg, and mortality is about 90%.
Prevention remains the best therapeutic strategy, by using
non-myeloablative conditioning regimens before STC.
Prophylactic administration of ursodeoxycholic acid, being
an antioxidant and antiapoptotic agent, can have some
benefit in reducing overall mortality. Defibrotide, which
has pro-fibrinolytic and antithrombotic properties, is the
most effective therapy; decompression of the sinusoids by
a transjugular intrahepatic portosystemic shunt (TIPS) can
be tried, especially to treat VOD after liver transplantation
and when multiorgan failure (MOF) is not present. Liver
transplantation can be the last option, but can not be
considered a standard rescue therapy, because usually the
concomitant presence of multiorgan failure contraindicates
this procedure.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatic veno-occlusive disease is a clinical syndrome
characterized by hepatomegaly, ascites, weight gain and
jaundice[1-3]. It was first described in a patient who drank
an infusion made with pyrrolizidine alkaloids[4,5].
Early histological abnormalities include sinusoidal
congestion associated with centrilobular necrosis; later
fibrous obliterative lesions in the hepatic venules occur
with histological damage located to zone 3 of the acinus[6].
Veno occlusive disease (VOD) is also associated with
other toxins such as alcohol, oral contraceptives, toxic oil,
terbinafine, or radiation injury[7,8]. The first case associated
with haematopoietic stem cell transplantation (STC) was
reported in 1979[9].
Since then SCT has become the most important and
frequent cause of VOD. In this setting diagnosis is made
by the same clinical signs as for other etiologies. Other
causes are infrequent but require exclusion. VOD after
SCT is a part of the spectrum of multi organ syndromes
which include idiopathic pneumonitis, diffuse alveolar
haemorrhage, thrombotic microangiopathy, and capillary
leak syndrome.
The incidence of VOD after STC ranges from 0 to
70%, dependent on the particular application of specific
diagnostic criteria, sample size and risk factors, which are
heterogenous among different cohorts[10]. Currently, the
incidence and severity of VOD after SCT is decreasing due
to earlier timing of SCT in patients with leukaemia, the use
of non myeloablative regimens and the decrease of HCV
infection amongst transplant candidates[11]. However, the
incidence of VOD remains high in patients undergoing
aggressive chemotherapy regimens to eradicate cancer.
Veno occlusive disease is also reported after other solid
organ transplantation, particularly, kidney transplantation.
The largest series report an incidence of 2%-5% (5/200
kidney transplants), mainly related to azathioprine toxicity.
In liver transplant recipients the largest series reported an
incidence of 1.9% (19/1023 liver transplants) clinical VOD,
related to the number and severity of rejection episodes
and azathioprine use. In contrast, reversible hepatic venule
stenosis including case diagnosed histologically is reported
in 43% after liver transplantation and is mainly related to
azathioprine[12]. A list of risk factors associated with the
development of VOD is shown in Table 1.

PATHOPHYSIOLOGY AND HISTOLOGY
After SCT the high dose cytoreductive therapy used in
patients who have a particular susceptibility, produces
endothelial injury in both sinusoids and small hepatic
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Table 1 Risk factors for the development of VOD
1 Pre existing liver disease (hepatitis C, previous fibrosis,
hypertransaminasemia)
2 Previous exposure to a myeloablative regimen
3 Past history of HSOS
4 Use of myeloablative regimen
5 High dose of total body irradiation
6 Use of cyclophosphamide containing regimes
7 Administration of cyclophosphamide after busulfan
8 Fixed dose of Busulfan
9 Use of oral rather than ev Busulfan
10 Late timing of SCT in patients with leukaemia
11 Carriers of haemocromathosis C282Y allele

Figure 1 Liver biopsy in a
patient with diagnosis of VOD
5 mo post liver transplantation.
There is centrilobular liver
cell loss, sinusoidal ectasia,
haemorrhage, and a stenotic
hepatic outflow venule (in
the centre of the picture).
The appearance is of venous
outflow obstruction. MSB
stain.

venules. This leads to activation of the coagulation cascade,
and clot formation. Fibrin-related plugs, intracellular
fluid entrapment and cellular debris progressively occlude
sinusoids, causing intrahepatic post sinusoidal portal
hypertension, responsible for the clinical signs of fluid
retention (weight increase), hepatomegaly, ascites and
jaundice. Usually fibrosis occurs several weeks after the
onset of the disease. Post mortem studies have shown that
hepatic venules are partially or completely obliterated by
subendothelial collagen fibers (Figure 1). An early deposition
of matrix metalloproteinases-2 has also been reported in the
sinusoids. Several factors other than cytoreductive therapy
contribute to the damage in VOD. Release of cytokines,
such as TNF-α, IL1 and 2, due to the endothelial injury, but
also due to cyclosporine given to patients with GVHD, have
procoagulant activity. Immunological mechanisms have been
implicated based on the observation of a lower incidence of
VOD following T cell depleted and autologous SCT, and a
higher incidence amongst mismatched transplants.
Genetic and secondary susceptibility of the liver also
plays a major role. Patients with previous liver disease,
previous liver radiation or hepatitis are more prone to
develop VOD. All these injuries cause depletion of glutathione from hepatocytes, resulting in increased sensitivity
to zone 3 damage due to other compounds such as
cyclophosphamide, busulfan and BCNU, which can further
deplete this antioxidant compound. In parallel with the
decline in hepatic venous flow, nitric oxide (NO) levels
decrease in the hepatic vein[13]. This change suggests that
vasoconstriction related to NO depletion occurs, further
incrementing the damage[14].
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Table 2 Diagnostic criteria of veno occlusive disease after SCT
Seattle criteria
Seattle criteria
At least two of the three following criteria: within the first month after
stem cell transplantation (STC):
1 Jaundice
2 Hepatomegaly and right upper quadrant pain
3 Ascites and/or unexplained weight gain
Baltimore criteria
Elevated total serum bilirubin (≥ 2 mg/dL) before d 21 after SCT and
two of the following three criteria:
1 Tender hepatomegaly
2 Weight gain ≥ 5% from baseline
3 Ascites
Modified Seattle criteria
Occurrence of two of the following events within 20 d of SCT:
1 Hyperbilirubinaemia (≥ 2 mg/dL)
2 Hepatomegaly or right upper quadrant pain of liver origin
3 Unexplained weight gain (> 2% of baseline bodyweight) because of
fluid accumulation

CLINICAL PRESENTATION AND
DIAGNOSIS
The classic presentation of VOD is characterized by the
triad of weight gain caused by fluid retention, tender
hepatomegaly and hyperbilirubinaemia without any
known cause [15,16] . Usually this occurs within 10-20 d
after SCT when regimens containing cyclophosphamide
have been used. With other regimens it occurs later[17]. A
chronic picture occurs outside of the SCT setting is the
one associated with chronic assumption of pyrrolizidine
alkaloids. After liver transplantation VOD occurs over wide
intervals, with a mean of 9 wk after transplant. The presence
of persistent ascites 6 wk after liver transplantation can be
indicative of an outflow obstruction syndrome, therefore,
VOD should be excluded[18]. Diagnosis is usually based on
signs and symptoms, having ruled out other conditions
which can mimic the disease, particularly after STC, such
as viral infections and graft versus host disease, cholestatic
secondary sepsis, heart failure and tumoral infiltration of
the liver[19]. After liver transplantation, fibrosing cholestatic
hepatitis due to HBV or HCV should be excluded.
Nowadays, clinical criteria have been formalized in the
Baltimore and Seattle criteria (Table 2). The Baltimore
criteria are more restrictive and usually patients fulfilling
these are diagnosed at a more severe stage of the disease[20].
After SCT, raised serum bilirubin concentration is a
sensitive, but not a specific marker for diagnosis; an AST
greater than 750 U/L is one marker of poor prognosis[21,22].
Endothelial injury can be suspected even before the
appearance of the clinical or other laboratory signs by
elevated serum levels of PAI-1, procollagen Ⅲ, and it’s
precursor propeptide (P-Ⅲ-P) [23,24]. Moreover, elevated
serum levels of P-Ⅲ-P and low levels of protein C before
the start of conditioning regimens can predict the patients
who will develop VOD[25]. Serum hyaluronic acid, vWFcleaving protease ADAMTS13 and Ca-125 have also been
evaluated as early markers of VOD. In particular, serum
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Table 3 Classification of severity of veno occlusive disease after
bone marrow transplantation according to weight increase (%),
bilirubin concentration peak, presence of peripheral edema and
[1]
ascites (mean ± SD)

Weight gain (% increase)
Maximum bilirubin (mg/dL)
Percentage with peripheral edema
Percentage with ascites
Day 100 mortality (all causes) (%)

Mild
7.0 ± 3.5
4.7 ± 2.9
23
5
3

Moderate
10.1 ± 5.3
7.9 ± 6.6
70
16
20

Severe
15.5 ± 9.2
26.6 ± 15.2
85
48
98

elevation of CA-125 appears to be an early and accurate
predictive marker in the pediatric population, but the
mechanism is unknown[26].
Ultrasound of the liver and abdomen with doppler
examination is the first line imaging investigation. Findings
include the presence of ascites, hepatomegaly, attenuated
hepatic veins and/or biliary dilatation. Ultrasound can also
rule out the presence of malignant hepatic infiltration and
other biliary diseases. Interestingly, thickness of gallbladder
wall has been shown to correlate with HVPG in these
patients, (which has prognostic significance - see later).
However, none of these signs is specific for diagnosis and
must be interpreted within the clinical context[27].
Pulsed Doppler ultrasound can suggest VOD on the
basis of a decreased or reversed portal venous flow[28].
Significant elevation of the hepatic artery resistive index
in duplex sonography may be a sensitive index of liver
damage related to VOD. In infants, a segmental portal
flow reversal has also been shown to be strongly associated
with early VOD [29] . Magnetic resonance can confirm
the ultrasound findings and be suggestive of outflow
obstruction if it shows a patchy signal enhancement in the
absence of hepatic vein occlusion[30].

HAEMODYNAMICS AND HEPATIC VEIN
CATETHERIZATION
The transjugular access is a safe route to perform measurement of the hepatic venous pressure gradient (HVPG)
and liver biopsy [31-33]. HVPG is the difference between
occluded hepatic venous pressure and the non-occluded
(free) pressure on the hepatic veins. Normally, the non
occluded pressure in hepatic veins is the same as in the
IVC. The absence of a significant gradient (< 6 mmHg)
along the hepatic veins and in the IVC can exclude
anatomical causes of outflow obstruction. Measurement of
HVPG can help discriminate between GVHD and VOD
because HVPG is greater in the latter. In one study 82% of
patients with VOD had HVPG greater than 9 mmHg, but
this was found in none of those with GVHD. In another
study, an HVPG greater than 10 mmHg was significantly
correlated with VOD (91% specificity and 86% positive
predictive value)[32].
HVPG can be also helpful to determine prognosis,
as patients who will survive with VOD have less severe
portal hypertension. A HVPG greater than 20 mmHg
is correlated with poor prognosis [34]. The transjugular
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access allows liver biopsy to be performed safely even
if coagulation is impaired (without the need of blood
product transfusion) which is often the case. In most
series, confirmatory diagnosis of VOD has relied on post
mortem histology as transjugular liver biopsy has not
been used. Even with this, no single histological feature
is pathognomonic of the diagnosis. Another advantage
of TJLB is the possibility to perform multiple passes
in different sites of the liver which offers a theoretical
advantage in diagnosing diseases with patchy distribution
like VOD or hepatic venous obstruction syndromes[35].

PROGNOSIS AND OUTCOME
Bearman et al [34] have developed a model to estimate
survival in patients with VOD based on a large cohort
of SCT patients. Percentage of weight gained, bilirubin,
ascites and peripheral edema were associated with worse
survival. Severe VOD was associated with 98% mortality at
d 100 after SCT (Table 3). Moreover, HVPG greater than
20 mmHg was confirmed as an independent prognostic
marker of mortality.
Outcome of VOD after liver transplantation remains
unclear, but a poor outcome is reported by Sebagh et al[12]
with 63% mortality (12 of 19 patients) in the largest
series published. Because of the low incidence of this
complication after LT, no specific prognostic factors
have been evaluated, but clinical features derived from
SCT groups could be used to assess severity of VOD
after LT as well. Mortality after liver transplantation is
related mainly to liver failure and development of renal
insufficiency due to portal hypertensive complications.

THERAPY
Prevention
Treatment of VOD is primary supportive and spontaneous
recovery is reported in 70%-85% of mild forms after stem
cell transplantation. However, severe forms do not resolve
and given the paucity of effective therapies, prevention is a
priority. The use of non myeloablative regimens in patients
with risk factors for VOD is now possible[36]. Alternatively
monitoring blood concentrations of chemotherapeutic
agents, i.e. busulphan [37] has been shown to be less
hepatotoxic when administered intravenously rather than
orally. The study of genetic polymorphisms of glutathione
S-transferase and TNF-α have been evaluated and allow
identification of the patients at risk, but further studies are
needed[38,39].
Prophylactic administration of ursodeoxycholic acid,
being an antioxidant and antiapoptotic agent, has been
evaluated in 4 randomized trials[40-43]. Two studies have
shown a significant benefit of UDCA 600 mg daily in
preventing VOD after SCT (VOD incidence 15% vs
40% and 3% vs 18.5%)[40,41], but in the most recent two
(one in combination with heparin) no benefit of UDCA
administration per se or when added to heparin was seen.
In the trial in which UDCA was given alone at the dose
of 12 mg-1 kg-1 daily, there was a decrease overall mortality
with a decreased incidence of GVHD[42,43].
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Table 4 Outcome of patients undergoing TIPS for veno occlusive disease
Author
Azoulay (2000)
Fried (1996)
Annarolo (2004)
Zenz (2001)
Azoulay (1998)
Shen (1996)
Leny (1996)
De la Rubia (1996)
Smith (1996)
Meacher (1999)
Lerut (1999)
Sebagh (1999)

Patients

Etiology

10
6
1
3
1
1
1
1
1
1
1 among series
1 among series

BMT
BMT
BMT
BMT
KTx
Irradiation pelvis
BMT
BMT
BMT
BMT
LT
LT

Severity VOD

Improvement
portal hypertension
Severe
10/10
Severe
6/6
Severe
yes
Severe/modetate
3/3
Severe
yes
Moderate
yes
Severe
yes
Moderate
yes
Severe
yes
Severe
yes
-

Prostaglandin E1 is a vasodilator with protective
properties for the endothelium and has antithrombotic
activity[44]. One non-randomized trials in which PGE1 was
given in combination with heparin or heparin and tPA
showed a lower incidence of VOD in the PGE1 group
(12.2% vs 25.5%), a finding which was confirmed in a
randomised trial published as an abstract [45]. However,
the most recent prospective study enrolling 24 patients
using PGE1 alone failed to show any advantage and was
associated with severe toxicity in all[46].
Supplementation of glutathione to restore hepatic
concentrations has been effective in experimental models.
In one RCT, 34 patients were randomized to oral supplementation of glutamine aiming to maintain GHS levels, or
a mixture of amino acids. Glutamine supplementation was
able to maintain normal protein C levels after VOD, but
clinical outcome was not evaluated[47].
Treatment
Treatment of the classical syndrome also includes supportive
measure. Ascites is treated with sodium restriction, diuretics
and paracentesis. Mechanical organ support may be needed
when renal or respiratory failure develops. Correction of
coagulopathy and prevention of infections in severe forms
to avoid bacterial translocation from the gut by intestinal
disinfection are often used[48].
Based on the histological presence of microthrombosis
and fibrin deposition in the hepatic venules of patients
with VOD, the principal specific therapy has been to
promote fibrinolysis with or without anticoagulation[49-51].
To date, about 130 patients have been treated with tPA the response rate is about 30% in the largest series with the
addition of concomitant heparin[52]. However, no response
was seen amongst patients with MOF, renal or respiratory
failure. Moreover, 24% developed severe bleeding. Thus,
administration of pro-fibrinolytics and anticoagulants
should be avoided in these patients, but conversely should
be given early in the course of VOD.
Administration of ATⅢ and protein C or PGE1
has not been shown to be effective [53]. However, there
is some evidence for the use of defibrotide. This is a
polydeoxyribonucleic acid derived from porcine and
bovine mucosa that has pro-fibrinolytic and antithrombotic
properties; it also decreases leukocyte rolling and adherence

Early mortality (< 1 m) Late mortality (> 1 m)
5/10
4/6

4/5
1/2
Alive 3 yr f-up

3/3

Alive 36 mo f-up
Alive 5 mo f-up

yes

Alive 9 mo f-up

yes
yes
-

yes
re-OLT

to the endothelium as well as decreasing thrombin generation and lowering circulating levels of PAI-1.
In the largest series published, treatment with 10 to
60 mg kg -1 d -1 infusion of defibrotide every 6 hours
achieved a response rate of 36% and overall survival rate
of 35% at 100 d after SCT without adverse events[54,55].
Predictors of survival with therapy, included younger
age, autologous SCT and abnormal portal vein flow,
while regimens based on busulphan and the presence of
encephalopathy predicted worse outcome. Decrease in
mean serum creatinine and PAI-1 levels are associated with
response to treatment and better survival.
The high mortality rate of VOD after liver transplantation leads to the need of specific therapy. In the only
two patients treated with defibrotide for VOD after LT,
only one survived[56]. No effective medical therapy has been
reported.
Decompression of the engorged sinusoids by a transjugular intrahepatic portosystemic shunt can relieve portal
hypertension and prevent renal failure in patients with
VOD. The recent review on clinical practice guidelines for
transjugular intrahepatic portosystemic shunt (TIPS) did
not recommend TIPS for veno-occlusive disease (VOD)[57].
This was because TIPS has not been shown to change
prognosis in patients with VOD after SCT. However, it
was implied that VOD is only seen after SCT, whereas it
can be seen in other settings, in which TIPS may offer a
potentially useful treatment.
To date 27 VOD patients treated with TIPS have
survived, 20% of the total (Table 4). All but three (2 with
previous liver and 1 with previous kidney transplantation)
had bone marrow transplantation[58]. The most common
causes of death usually occurring within 1 to 3 wk following diagnosis were multi organ failure (MOF), sepsis and
haemorrhage, due to underlying haematological disease.
The remainder were due to portal hypertension and renal
insufficiency complicating VOD. An issue not touched
upon in the review is that the reported failure of TIPS to
change prognosis may be due to a misdiagnosis of VOD.
Sometimes it is difficult to distinguish it from cholangitis
lenta or acute GVHD, and so in some patients, specific
therapy for VOD may be delayed.
The interval between the onset of VOD and TIPS
placement is usually not mentioned and only a few reports
www.wjgnet.com
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Timing
Afer SCT before d 20
After LT mean 9 wk

VOD suspected

Diagnosis

Laboratory

Imaging

Confirm and assess prognosis

-

-US and doppler
-MRI

- Transjugular liver biopsy
- HVPG
- HV and IVC pressures if OLT

AST
Bilirubin
PAI-1, Procollagen Ⅲ
Ca 125

LT, KTx, alkaloids

TIPS

Medical treatment
- treatment of ascites
- tPA + heparin
- Defibrotide
Failed

OLT

Volume 13

Number 29

malignancies and multiple organ failure (if VOD is
advanced) contraindicates OLT. When VOD develops
after liver transplantation itself, retransplantation can be
performed as a rescue therapy as the liver is the only organ
damaged. Previous placement of TIPS allows more time
to the clinician to re-list the patients for OLT and it does
not jeopardize subsequent OLT.
A flow-chart for the suggested diagnosis and management of VOD is reported in Figure 2.

REFERENCES
1
STC
No malignancy
No MOF

Figure 2 Flow chart in diagnosis and management of veno-occlusive disease.
VOD: veno occlusive disease; SCT, stem cell transplantation; OLT: ortothopic liver
transplantation; HVPG: hepatic venous pressure gradient; HV hepatic vein; IVC:
inferior vena cava; KT: kidney transplantation; MOF: multi organ failure; TIPS:
transjugular intrahepatic portosystemic shunt.
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Abstract
AIM: To examine the role of E-cadherin and betacatenin in carcinogenesis and to assess their prognostic
implication in Epstein-Barr virus-associated gastric
carcinomas (EBV-GCs).
METHODS: We compared the frequency of E-cadherin
and beta-catenin expression in 59 EBV-GCs and 120
non-EBV-GCs, and examined the association between
patients' prognosis and the expressions of these
proteins.
RESULTS: Neither the cellular-membranous nor
the cytoplasmic E-cadherin expression showed any
difference between EBV-GCs and non-EBV-GCs. On the
other hand, loss of membranous expression of betacatenin occurred more frequently in non-EBV-GCs than
EBV-GCs [odds ratio = 0.41; 95% confidence interval (CI),
0.19-0.90]. Furthermore, the nuclear and/or cytoplosmic
expression of beta-catenin was seen more frequently

in EBV-GCs than non-EBV-GCs (odds ratio = 2.23; 95%
CI, 0.97-5.09), and was observed in a larger proportion
of carcinoma cells of EBV-GCs than non-EBV-GCs
(P = 0.024). Survival analysis for non-EBV-GC revealed
that lymph node metastasis was significantly associated
w i t h p o o r p r o g n o s i s (P < 0 . 0 0 1 ) . A m o n g E B V GCs, the depth of invasion (P = 0.005), lymph node
metastasis (P = 0.004) and an intestinal type by Lauren
classification (hazard ratio = 9.47; 95% CI, 2.67-33.6)
were significantly associated with poor prognosis. On
the other hand, nuclear and/or cytoplasmic expression
of beta-catenin was associated with a better prognosis
in patients with EBV-GC (hazard ratio = 0.32; 95% CI,
0.11-0.93).
CONCLUSION: We observed more frequent preservation
of beta-catenin in cell membrane and accumulation in
nuclei and/or cytoplasm in EBV-GCs than in non-EBVGCs. Factors involved in the prognosis of EBV-GCs and
non-EBV-GCs are different in the two conditions.
© 2007 WJG. All rights reserved.
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INTRODUCTION
In situ hybridization (ISH) of Epstein-Barr virus-encoded
small RNA (EBER), which became available in the early
1990s, showed that EBER can be detected in 1%-17% of
gastric carcinomas[1-5]. Such Epstein-Barr virus-associated
gastric carcinomas (EBV-GC) have a uniform expression
of EBNA-1 and EBERs in all carcinoma cells, in addition
to the episomal monoclonality of the EBV genome [6],
elevated serum antibodies against EBV-related antigens[7,8],
and the unique 'lace pattern' morphology in some earlystage-EBV-GCs [9]. These features strongly suggest an
www.wjgnet.com
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important etiological role of EBV in the development of
EBV-GCs. However, the EBV genome(s) responsible for
gastric carcinoma development has yet to be elucidated.
The EBV-gene expression in EBV-GC resembles
type-Ⅰpattern of latent infection. In this type of latency,
EBERs and EBNA1 are always expressed but EBV LMP1,
which is well known for its oncogenic potential, is not
produced. Recently, it has been observed that EBERs
activate insulin-like growth factor (IGF)-1 in EBV-GCs[10].
In Burkett’s lymphoma, another EBV-related malignancy
showing the type-ⅠEBV latency, EBERs induce not only
interleukin (IL)-10 expression but also confer resistance
to interferon (IFN)-α-induced apoptosis via binding to
double strand RNA-activated protein kinase (dsPKR) and
inhibiting its activation by IFN[11].
BARF1 and BARTs are other EBV-encoded transcripts
expressed in EBV-GC [12]. The BARF1 gene is able to
immortalize primary monkey and human epithelial cells
in vitro [13,14], and furthermore, transfection of BARF1
gene into the rodent fibroblast cell line BALB/c 3T3 or
into the EBV-negative B cell line Louckes, resulted in
tumorigenic transformation[15,16]. Recent studies regarding
BARTs reported that one of the products of BARTs, RKBARF0, may activate the Notch signal[17] and affect Wnt
and JNK pathways by binding to cellular humanⅠ-mfa
domain-containing proteins, which interact with Axin and
are related to the regulation of the free levels of cytosolic
beta-catenin[18,19].
Another feature related to EBV’s oncogenic potential
is its ability to cause CpG-island hypermethylation of
host genomes[20,21]. Recent studies have shown that EBVGCs were associated with down-regulation of p16[20-23],
E-cadherin[24] and other proteins[20,21], whose expression
is frequently suppressed by hypermethylation of the host
genomes in EBV-GCs.
EBV-GC is known for its male predominance,
predisposition to the gastric fundic-gland region, and
relatively high frequency of moderately-differentiated type
and poorly-differentiated solid type compared to other
histological types of gastric cancer[1-5]. Another interesting
but not well-known feature of EBV-GC is the macroscopic
finding of a clear demarcation from the surrounding
mucosa when compared to non-EBV-GC [25]. Inspired
by these clinical findings, we compared the expression
of E-cadherin and beta-catenin in EBV-GCs and nonEBV-GCs. Furthermore, the prognostic significance of
these proteins in EBV-GCs and non-EBV-GCs was also
examined since they are related to carcinogenesis and
prognosis of gastric cancer.

MATERIALS AND METHODS
Subjects
Most of the subjects included in the present study have
been reported in our previous studies [23,26] . In brief,
we examined all the gastric carcinomas diagnosed at
Kagoshima City hospital during the period 1976-1992, and
identified 74 cases of EBV-GC. After excluding 10 cases
without information on follow-up or other clinical details
necessary for the present study, a total of 64 EBV-GC
cases were enrolled in the present study. Two non-EBVwww.wjgnet.com
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GC cases for each EBV-GC case were selected, matched
with respect to age, sex, tumor location, and depth of
invasion. Because of insufficient tissue specimens for
immunostaining, E-cadherin and beta-catenin could be
examined in 59 EBV-GC and 120 non-EBV-GC cases. The
present study was approved by the Institutional Review
Board of the Faculty of Medicine, Kagoshima University,
Japan.
Histology
Histologically, all cases were classified as intestinal- or
diffuse-type carcinoma based on the classification of
Lauren[27]. Tumor location, defined as the predominant
location of the tumor, was divided into three sites: cardia
or upper one-third, middle portion and antrum or lower
one-third of the stomach according to the classification
of the Japanese Research Society for Gastric Cancer[28].
The histological subtypes were: well-differentiated tubular
adenocarcinoma (tub1), moderately-differentiated tubular
adenocarcinoma (tub2), and mucinous carcinoma (muc),
regarded as Lauren’s intestinal type. The subtypes were:
solid poorly-differentiated adenocarcinoma (por1), nonsolid poorly-differentiated adenocarcinoma (por2), and
signet-ring cell carcinoma (sig), regarded as Lauren’
s diffuse type. The depth of invasion was classified as
mucosal, submucosal, propia muscularis and subserosal
involvement. The tumor stage was determined by the
TNM classification of UICC[29].
ISH assay to detect EBER
ISH assay of paraffin-embedded tissue samples obtained
from the main tumor was conducted using a digoxigeninlabeled EBER-1 oligonucleotide probe as described in our
previous study[23,26]. EBER-1 positive diagnosis was made
based on a positive signal at microscopic examination.
A lymph node section from a patient with infectious
mononucleosis was used as positive control, and a sense
probe for EBER-1 was used as negative control in each
assay. More precisely, the presence of EBER-1-positive
signal in the tumor cells but not in the surrounding normal
epithelial cells was defined as EBV-GC, while presence of
EBER-1-negative tumor cells was defined as non EBVGC. All EBV-GCs had the uniform presence of EBER in
tumor cells but not in the surrounding normal epithelial
cells.
Immunostaining for E-cadherin and beta-catenin
Paraffin sections were dewaxed with xylene and rehydrated
with alcohol. After the eradication of endogenous
peroxidase activity with methanol and H 2O 2, sections
were autoclaved for 5 min in citric acid buffer to
retrieve the antigen, and then a primary monoclonal
antibody recognizing human E-cadherin (TaK aRa
Biomedicals, Kyoto, Japan) or beta-catenin (Transduction
Laboratories, Lexington, KY, USA) was applied and the
avidin-biotin-peroxidase complex method was used for
immunohistochemical staining (VECTASTAIN ABC
KIT, Vector Laboratories, Inc, USA). Without knowledge
of the EBV status, the expression of each protein was
graded as follows: (1) 0%, (2) less than 10%, (3) 10%-49%,
(4) 50%-90%, and (5) more than 90% according to the
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Table 1 Membranous and cytoplasmic expression of E-cadherin
in EBV-GCs and non EBV-GCs
Location of

Number of the cases (%)

E-cadherin expression

EBV-GCs

non EBV-GCs

Total
Membranous
Preserved (> 50%)
Lost (< 50%)
Cytoplasm
Negative
Positive (subtotal)
10%50%90%-

59

120

14 (24)
45 (76)

29 (24)
91 (76)

1
0.99

26 (44)
33 (56)
17 (29)
11 (19)
5 (8)

59 (49)
61 (51)
29 (24)
29 (24)
3 (3)

1
1.28
1.37
0.92
3.98

OR

1

3927

A

B

C

D

1

95% CI

Referent
0.48-2.05
Referent
0.65-2.50
0.62-3.01
0.39-2.18
0.88-18.0
P = 0.374

1

ORs and 95% CIs were obtained from conditional logistic regression analysis
with the objective variable being EBV-GC (EBV-GC = 1, and non EBV-GC = 0).

proportion of tumor cells with a positive staining. Nuclear
and membranous signals were evaluated independently.
Normal epithelial mucosa in each section was used as
a positive control. Since these proteins are expressed
intercellularly at the cell membranes of normal cells, two
abnormal staining patterns of E-cadherin and beta-catenin
were observed: (1) loss of membranous expression, and
(2) nuclear and/or cytoplasmic pattern with expression
in more than 10% of the tumor cell cytoplasm or tumor
cell nuclei. Since no EBV-GC case showed membranous
expression of E-cadherin in more than 90% of the tumor
cells, we decided to use 50% as cut-off level for the loss
of membranous E-cadherin expression. With regard to
membranous beta-catenin expression, we used 10% as cutoff level for the loss of beta-catenin[30].
Statistical analysis
Conditional logistic regression analysis was performed to
examine the proportion of EBV-GCs and other parameters.
To permit the inclusion of as many subjects as possible with
E-cadherin and beta-catenin expression, we re-matched
EBV-GC cases and non-EBV-GC cases by gender, age
(± 5 years), tumor location (upper-, middle-, and lower onethird), and tumor stage (early and advanced). Two nonEBV-GC cases were excluded from the conditional logistic
regression analysis because they did not match any of the
EBV-GC cases with respect to E-cadherin and beta-catenin
expression. Maximum likelihood estimates of odds ratios
(ORs) and their corresponding 95% confidence intervals
(CIs) were calculated. Tests for trend used consecutive
integers for levels of ordered categories.
The Cox proportional hazards model was used in the
multivariate survival analysis. Maximum likelihood estimates
of hazard ratios (HRs), 95% CIs, and likelihood ratio
statistics in Cox proportional hazards models were obtained
with the use of a statistical package, EPICURE (HiroSoft
International Corp., USA). Since we found a significant
association between p53 expression and prognosis in
patients with intestinal type of GC in our previous study[26],
the results of p53 expression was also considered in the
survival analyses. We calculated Wald-type confidence
intervals. Test for statistical interaction was conducted by

Figure 1 E-cadherin expression. A and B: an E-cadherin-positive case with
membranous pattern; C and D: an E-cadherin-positive case with cytoplasmic
pattern. E-cadherin expression is observed in cytoplasm but not in nuclei
of carcinoma cells (D). A and C: hematoxylin and eosin staining; B and D:
Immunohistochemical staining.

including a cross-product term of the two variables of
interest in the model.

RESULTS
We compared the expression patterns of E-cadherin and
beta-catenin in 59 EBV-GCs and 120 non-EBV-GCs. The
average age at diagnosis was 62.4 years (SD = 10.4) in EBVGC cases and 61.3 years (SD = 10.1) in non-EBV-GC
cases. The results of E-cadherin-expression in EBV-GCs
and non-EBV-GCs are summarized in Table 1. There was
no significant difference in the membranous E-cadherinexpression between EBV-GC and non-EBV-GC (P = 0.985).
Three non-EBV-GCs showed membranous expression of
E-cadherin in > 90% of the tumor cells but this was not
seen in any of the EBV-GC cases. E-cadherin membranousexpression showed no obvious difference between EBVGCs and non-EBV-GCs in any of the histological types (data
not shown). With regard to the nuclear and/or cytoplasmic
expression, there was no difference between EBV-GCs and
non-EBV-GCs (P = 0.475). Although 33 EBV-GCs and 61
non-EBV-GCs were positive for E-cadherin expression in
the cytoplasm, only one non-EBV-GC showed detectable
nuclear E-cadherin expression. Among the cases with
cytoplasmic staining of E-cadherin, 3 EBV-GCs (9%) and
3 non-EBV-GCs (5%) showed a granular staining pattern
with complete loss of membranous expression. Typical
membranous and nuclear and/or cytoplasmic expressions
of E-cadherin are shown in Figure 1.
We also examined the beta-catenin expression (Table 2).
There was more frequent loss of membranous beta-catenin
expression in non-EBV-GCs than EBV-GCs (P = 0.019).
The membranous expression showed no difference between
EBV-GCs and non-EBV-GCs in any of the histological
types (data not shown). Furthermore, the frequency of
positive cases for nuclear and/or cytoplasmic beta-catenin
expression in EBV-GCs (22%) was higher compared to nonEBV-GCs (12%), although this difference was statistically
not significant (P = 0.059). In addition, the nuclear and/or
www.wjgnet.com
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Table 2 Membranous and nuclear and/or cytoplasmic
expression of beta-catenin in EBV-GCs and non EBV-GCs
Location of

Number of the cases (%)

beta-catenin expression
Total
Membranous
Preserved (> 10%)
Lost (< 10%)
Nuclei and cytoplasm
Negative
Positive (subtotal)
10%50%90%-

EBV-GCs
59

non EBV-GCs
120

49 (83)
10 (17)

78 (65)
42 (35)

46 (78)
13 (22)
5 (8)
6 (10)
2 (3)

106 (88)
14 (12)
8 (7)
6 (5)
0 (0)

OR

1

1
0.41
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A

B

C

D

Number 29

1

95% CI

Referent
0.19-0.90

1
Referent
2.23
0.97-5.09
1.48
0.47-4.66
2.34
0.74-7.36
P = 0.024

1

ORs and 95% CIs were obtained from conditional logistic regression analysis
with the objective variable being EBV-GC (EBV-GC = 1, and non EBV-GC = 0).

cytoplasmic beta-catenin expression was observed in a larger
proportion of carcinoma cells of EBV-GCs than non-EBVGCs (P = 0.024). All but one non-EBV-GC with nuclear
and/or cytoplasmic expression of beta-catenin showed
detectable nuclear expression. Typical membranous and
nuclear and/or cytoplasmic expression of beta-catenin is
shown in Figure 2.
We examined the prognostic significance of E-cadherin
and beta-catenin in EBV-GC and non-EBV-GC cases using
Cox’s proportional hazard model taking into account the
effect of p53 (Table 3). Details of the p53 overexpression
among EBV-GCs and non-EBV-GCs have been reported
elsewhere[26]. In brief, cases with both EBER expression
and p53 over-expression showed the worst prognosis in
patients with intestinal-type tumors. In diffuse-type tumor,
however, only EBER was an important prognostic factor.
For the assessment of survival analysis, only those subjects
who underwent curative surgery were included in the
analysis, thus the number of EBV-GC and non-EBV-GC
cases was reduced to 49 and 100 respectively (Table 3). The
average follow-up period was 70.1 months (SD = 62.5)
in EBV-GC cases and 65.3 months (SD = 60.3) in nonEBV-GC cases. The survival analysis was first conducted
separately for non-EBV-GCs and for EBV-GCs so that
the factors involved in prognosis could be compared
between the two groups. Survival analysis for non-EBVGC cases revealed that only lymph node metastasis was
significantly related to poor prognosis (P < 0.001). Cases
with loss of membranous E-cadherin tended to have a
poor prognosis, but the association was not significant
(HR = 1.50; 95% CI, 0.70-3.22).
Among EBV-GCs, the depth of invasion (P = 0.005),
lymph node metastasis (P = 0.004) and intestinal type by
Lauren classification (HR = 9.47; 95% CI, 2.67-33.6) were
related to poor prognosis. On the other hand, nuclear
and/or cytoplasmic expression of beta-catenin showed a
significant association with better prognosis of patients
with EBV-GC (HR = 0.32; 95% CI, 0.11-0.93). All cases
with beta-catenin expression in nuclei and/or cytoplasm (n
= 10) who died were male patients and had intestinal type
of tumors.
We next conducted survival analysis by combining
www.wjgnet.com

Figure 2 Beta-catenin expression. A and B: A beta-catenin-positive case with
membranous pattern; C and D: Beta-catenin expression is observed in both nuclei
and cytoplasm of carcinoma cells (D). A and C: hematoxylin and eosin staining; B
and D: Immunohistochemical staining.

EBV-GC and non-EBV-GC data and adjusting for the
effects of age, depth, lymph node metastasis, Lauren
classification, and p53 expression. The presence of EBER
expression was not related to prognosis (HR = 1.40; 95%
CI, 0.81-2.42). The apparent difference between EBVGCs and non-EBV-GCs with respect to the prognostic
effects of Lauren classification was examined by adding an
interactive term between EBER and Lauren classification
to a Cox regression model. The addition of this interactive
ter m significantly improved the model (P = 0.002),
indicating that the prognostic effect of EBER expression
was different in the two histological types of Lauren
classification. On the other hand, EBER expression did
not significantly affect the prognostic effects of p53,
E-cadherin, and beta-catenin status (data not shown).
There were 5 lympho-epithlioma-like carcinomas and
4 of them were EBER positive. Lympho-epitheliomalike carcinomas showed similar prognosis to the other
histological types of gastric cancer.

DISCUSSION
The present study shows that membranous expression
of beta-catenin was preserved more frequently in EBVGCs than non-EBV-GCs. In addition, EBV-GCs tended
to show more frequent beta-catenin expression in nuclei
and/or cytoplasm compared to non-EBV-GCs. Nuclear
beta-catenin expression is a hallmark of cancers with
aberrant activation of the Wnt pathway, and accumulation
of beta-catenin in nuclei has been observed in various
tumors including gastric carcinoma[31-34]. In the nucleus,
beta-catenin interacts with members of the T-cell factor/
lymphoid enhancer factor family of transcription factors
and stimulates the expression of target genes such as
c-myc and cyclin D1[35-37]. However, it is possible that the
up-regulation of beta-catenin is caused not by EBV but
by the cofactors that are necessary for the development
of EBV-GCs. One of the candidate cofactor is H pylori
infection, although an association between H pylori
and EBV infection has not been well established [38] .
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Table 3 Results of survival analysis in EBV-GC and non EBV-GC cases

1

Death /Total (%)

Non EBV-GCs
2
HR

2

95% CI

1

Death /Total (%)

EBV GCs
2
HR

2

95% CI

Depth
m, sm
pm
s, ss, se

6/29 (21)
3/13 (23)
37/58 (64)

1
0.76
2.03
P = 0.112

Referent
0.19-3.07
0.74-5.53

3/13 (23)
2/8 (25)
18/28 (64)

1
1.64
6.03
P = 0.005

Referent
0.23-11.9
1.39-26.2

Lymph node metastasis
0
1
2+

10/51 (20)
16/26 (62)
20/23 (87)

1
3.55
6.83
P < 0.001

Referent
1.44-8.77
2.75-17.0

13/32 (41)
4/9 (44)
6/8 (75)

1
2.13
7.77
P = 0.004

Referent
0.57-7.94
1.93-31.3

Lauren classification
Diffuse
Intestinal

14/30 (47)
32/70 (46)

1
1.10
P = 0.865

Referent
0.55-2.02

6/20 (30)
17/29 (59)

1
9.47
P < 0.001

Referent
2.67-33.6

p53
Negative
Positive

21/52 (40)
25/48 (52)

1
1.60
P = 0.127

Referent
0.87-2.91

13/26 (50)
10/23 (43)

1
1.29
P = 0.595

Referent
0.50-3.30

E-cadherin in membrane
Preserved
Lost

9/28 (32)
37/72 (51)

1
1.50
P = 0.276

Referent
0.70-3.22

6/12 (50)
17/37 (46)

1
0.73
P = 0.568

Referent
0.25-2.12

E-cadherin in nuclei and/or cytoplasm
Negative
Positive

30/62 (48)
16/38 (42)

1
0.56
P = 0.071

Referent
0.30-1.06

12/26 (46)
11/23 (48)

1
1.37
P = 0.481

Referent
0.56-3.34

Beta-catenin in membrane
Preserved
Lost

28/64 (44)
18/36 (50)

1
1.10
P = 0.778

Referent
0.57-2.11

19/43 (44)
4/6 (67)

1
1.39
P = 0.601

Referent
0.42-4.60

Beta-catenin in nuclei and/or cytoplasm
Negative

41/89 (20)

1

Referent

18/37 (49)

1

Referent

0.81
P = 0.654

0.31-2.09

5/12 (42)

0.32
P = 0.028

0.11-0.93

Positive

5/11 (45)

1

Gastric-cancer related death. 2HRs, 95% CIs, and P values were obtained by Cox proportional hazard models. Age, depth, lymph node metastasis, Lauren
classification, and p53 expression were included in the models as covariates. The coefficient of age was 0.029 (SE = 0.018, P = 0.114) in non EBV-GCs, and 0.076 (SE
= 0.026, P = 0.004) in EBV-GCs. m: mucosa, sm: submucosa, pm: propia muscularis, s: serosa, ss: subserosa, se: serosa exposed.

Since several studies have suggested that H pylori also
dysregulates beta-catenin-dependent pathway [39,40], it is
important to examine the interaction between H pylori and
EBV infections, and beta-catenin expression.
Beta-catenin tyrosine-phosphorylation, which is caused
mainly by epidermal growth factor receptor, and by two
growth factors, c-met, and c-erbB2, disrupts adherent
complex, consisting of E-cadherin, and, alpha and betacatenins[41]. The resultant free beta-catenin is imported into
the cytoplasm and is subjected to degradation through its
binding to an APC/AXIN/GSK complex[42]. According
to our previous studies, the expression levels of c-met[43]
and c-erbB2 (unpublished data), did not show any significant difference between EBV-GCs and non-EBV-GCs;
therefore, the increased beta-catenin expression, particularly
cytoplasmic and nuclear expression, in EBV-GCs observed
in the present study is unlikely to be explained by the
decreased expression of these growth factors.
Among EBV-related proteins expressed in EBV-GCs,
LMP2A may be involved in beta-catenin preservation,
since the LMP2A is reported to inhibit glycogen synthase
kinase (GSK) activity through AKT activation[44]. LMP2A
may also act as decoy receptor for some tyrosine kinase,

and inhibit beta-catenin phosphorylation [45]. Recently,
Morrison et al[46], have reported that LMP2A activates the
phosphatidylinositol 3-kinase (PI3K) and beta-catenin
signaling pathways in epithelial cells. Interestingly, this
phenomenon was observed in NPC but not in Hodgkin
lymphoma although both these malignancies are classified
as type Ⅱ latency and express LMP2A[47,48], suggesting that
EBV acts differently in the different tumor sites. However,
this aberrant activation of the Wnt pathway can only be
observed in a subset of EBV-GCs because some EBVGCs do not show LMP2A expression at the RNA level[12].
We did not observe any difference in the frequency
of E-cadherin expression between EBV-GCs and
non-EBV-GCs. There are 4 possible mechanisms of
abnormal expression of E-cadherin: (1) gene mutation, (2)
posttranslational truncation or modification, (3) transcriptional
repressor, and (4) promoter hypermethylation. With regard
to the promoter hypermethylation, two conflicting results in
EBV-GCs have been reported[20,24]. Further investigations are
required to clarify the regulation of E-cadherin expression in
gastric carcinomas.
The accumulation of beta-catenin in the nucleus of
gastric-carcinoma cells is reported to have no significant
www.wjgnet.com
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effect on disease outcome[30,32,49]. On the other hand, survival
analysis in the present study showed a significant association
between nuclear and/or cytoplasmic expression of betacatenin and a better prognosis in patients with EBV-GC (HR
= 0.32; 95% CI, 0.11-0.93) but not in those with non-EBVGC (HR = 0.81; 95% CI, 0.31-2.09). These observations do
not conflict with each other since most gastric carcinomas
are non-EBV-GCs. Recently, Nam et al [50] reported a
significant association between Akt activation and better
prognosis in gastric cancer patients, which may support our
observation because EBV-LMP2A also activates Akt[46].
Although there are several reports suggesting that the loss
of membranous E-cadherin and beta-catenin complex
is associated with an unfavorable cancer progression and
disease outcome, neither mem-branous expression of
E-cadherin nor beta-catenin was related to disease outcome
in our study.
The prognostic significance of EBV-encoded genome
expression remains to be established. Until now, most
studies have not shown any difference in prognosis
between EBV-GCs and non-EBV-GCs. Our previous
study confirmed this notion[26]. However, histology-specific
analysis in the present study provided interesting findings;
EBV-GCs had a poorer prognosis in intestinal typetumors but a better prognosis in diffuse-type tumors when
compared to non-EBV-GCs[26]. The poor prognosis of
intestinal type EBV-GCs when compared to diffuse type
EBV-GCs corresponds to histology-specific prognostic
effect of EBV observed in our previous study. At the
present time, it is difficult to explain the mechanism
underlying these observations. However, it is apparent that
factors related to the prognosis of EBV-GCs are different
from those of EBV-negative tumors, suggesting that EBV
may change the process of carcinogenesis in gastric cancer.
In summary, the present study shows greater preservation of beta-catenin in cell membrane and accumulation
in nuclei and/or cytoplasm in EBV-GCs than in non-EBVGCs. Survival analysis suggested that different factors are
involved in the prognosis of EBV-GCs and non- EBV-GCs.
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Abstract
AIM: To examine Krüppel-like factor 6 (KLF6 ) mutations
in nonpolypoid-type tumors and alterations of K-ras , p53 ,
and B-raf in relation between mutation and morphologic
type, particularly nonpolypoid-type colorectal carcinomas.
METHODS: Fifty-five early nonpolypoid colorectal
carcinomas were analyzed. Loss of heterozygosity (LOH)
of KLF6 and p53 was determined by microsatellite assay.
Mutations of KLF6 , K-ras , and B-raf were examined by
polymerase chain reaction-single-strand conformation
polymorphism followed by direct sequencing. In LOHpositive and/or mutation-positive tumors, multiple
(4-7) samples in each tumor were microdissected and
examined for genetic alterations. p53 expression was
evaluated by immunohistochemistry.
RESULTS: LOH of KLF6 and p53 was found in 14 of 29
(48.3%) and 14 of 31 (45.2%) tumors, respectively. In
10 of the 14 (71.4%) KLF6 LOH-positive tumors and 9
of the 14 (64.3%) p53 LOH-positive tumors, LOH was
found in all of the microdissected samples. In 1 of the
10 (10.0%) KLF6 LOH-positive tumors, a single missense
mutation was identified. K-ras and B-raf mutations were
found in 5 of 55 (9.1%) and 6 of 55 (10.9%) tumors,
respectively. However, these mutations were detected
only in subsets of microdissected tumor samples.
CONCLUSION: These data suggest that KLF6 and
p53 mutations are involved in the development of
nonpolypoid colorectal carcinoma, whereas K-ras and
B-raf mutations are not.
www.wjgnet.com
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INTRODUCTION
Two distinct types of colorectal carcinomas have been
described, polypoid and nonpolypoid[1-4]. The concept of
a precursor lesion led to the adenoma-carcinoma sequence
hypothesis, based on the polypoid type, whereby a benign
adenoma progresses to malignant adenocarcinoma.
Nonpolypoid-type colorectal carcinoma was first described
in detail by Muto et al [5] . These lesions show subtle
morphologic differentiation and are often undetectable,
posing diagnostic problems. Nonpolypoid-type tumors
frequently invade the submucosal layer, even though they
are less than 10 mm in diameter[6]. Because of the high
malignancy potential of nonpolypoid-type tumors, these
are considered important lesions. Nonpolypoid-type
carcinomas are thought to be de novo tumors that develop
directly from normal colorectal mucosa.
It has been reported that K-ras mutations and loss
of heterozygosity (LOH) at chromosome 3p are more
frequent in early polypoid colorectal carcinomas than in
nonpolypoid-type tumors[2,3]. In addition, APC mutations
are less frequent in nonpolypoid-type tumors than in
polypoid-type tumors[2]. Thus, these two types of colorectal
tumors may possess different genetic backgrounds.
Krüppel-like factors (KLFs) are core transcription
factors that regulate numerous mammalian genes [7] .
The KLF6 gene encodes one of these transcription
factors, which has been identified as a tumor-suppressor
gene involved in the regulation of cell proliferation
and differentiation [7]. KLF6 mediates the inhibition of
proliferation by upregulating the cell-cycle inhibitor
CDKN1A (p21 WAF1/CIP1 ) through an interaction with
cyclin D1 in a p53-independent manner[8]. Recently, a high
frequency (44%) of KLF6 somatic mutations has been
reported in colorectal cancers[9]. However, the relation
between these genetic changes and morphologic type,
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particularly nonpolypoid type, is unclear. In this study,
examined KLF6 mutations in early nonpolypoid-type
tumors. We also examined alterations of K-ras, p53, and
B-raf genes. In addition, we examined genetic alterations
in multiple samples from a given tumor obtained by
microdissection.

MATERIALS AND METHODS
Tumor samples
Samples from early nonpolypoid colorectal tumors resected
surgically or endoscopically were collected at Hiroshima
University Hospital (Hiroshima, Japan) during the period
2000 to 2002. Nonpolypoid-type colorectal carcinomas
were diagnosed according to the criteria of Shimoda et al[10].
In brief, nonpolypoid-type tumors were tumors without
intramucosal protuberant growth. Ten samples were
mucosal adenocarcinomas, and 45 were adenocarcinomas
that had invaded the submucosal layer. The present study
was approved by the local ethical committee (No. I-RinHi-107).
Histologic examination
Tissue sections (4-µm thick) were prepared from formalinfixed, paraffin-embedded colorectal tissues. The sections
were stained with hematoxylin and eosin (HE) for
histologic examination. Depth of invasion was classified as
intramucosal (m) or submucosal (sm).
DNA extraction
Tissue sections (10- µ m thick) were stained with HE,
dehydrated in a graded ethanol series, and then dried
without a cover glass. Tissue samples from 55 tumors and
corresponding normal tissues were cut with sterile needles,
and the DNA was extracted with 20 µL extraction buffer
(100 mmol/L Tris-HCl, pH 8.0, 2 mmol/L EDTA, 400
µg/mL proteinase K) at 55℃ overnight. The tubes were
boiled for 5 min to inactivate proteinase K, and 1-2 µL of
each extract was used for polymerase chain reaction (PCR)
amplification.
LOH analysis of KLF6 and p53
LOH analysis of KLF6 and p53 was perfor med by
microsatellite assay. Primer pairs specific for microsatellites
KLF6 (D10S591 and D10S594) and p53 (TP53) are shown
in Table 1[11,12]. The microsatellite assay was performed
as described previously[12]. In brief, each 15-µL reaction
mixture containing 10-20 ng genomic DNA, 6.7 mmol/L
Tris-HCl, pH 8.8, 6.7 mmol/L EDTA, 6.7 mmol/L
MgCl 2, 0.33 µ mol/L primer labeled with [ γ 32-P]dATP,
0.175 µ mol/L unlabeled primer, 1.5 mmol/L of each
deoxynucleotide triphosphate, and 0.75 units AmpliTaq
Gold DNA polymerase (Perkin-Elmer, Branchburg, NJ)
was amplified with 40 cycles of denaturation at 94℃ for
30 s, annealing at 55℃ for 30 s, and elongation at 72℃
for 30 s. PCR products were separated by electrophoresis
on 6% polyacrylamide-8 M urea-32% formamide gels and
subjected to autoradiography overnight at -80℃ on Fuji
RX film. LOH was identified when only one major band
was detected in DNA isolated from cancerous tissue; two
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major bands were present in the normal tissue specimen
from the same sample.
Mutational screening and direct sequencing of KLF6,
K-ras, and B-raf
DNA samples were screened for mutations of KLF6,
K-ras, and B-raf by PCR-single-strand conformation
polymorphism (SSCP) analysis. The PCR primers were
designed to amplify the exons including mutational
hot spots of KLF6, K-ras, and B-raf and are listed in
Table 1 [11,13,14] . PCR-SSCP analysis was performed as
described previously [12]. In brief, each 25 µ L reaction
mixture contained 1 × AmpliTaq Gold Buffer (8.0 mmol/L
Tris-HCl, pH 8.3, 40 mmol/L KCl; Perkin-Elmer), 4 mmol/L
MgCl2, 0.3 mmol/L of each deoxynucleotide triphosphate,
100 pmol of each primer, 10-20 ng genomic DNA, 2.5
mCi [γ32-P]dCTP (3000 Ci/mmol/L, 10 mCi/mL), and
1.25 U AmpliTaq Gold DNA polymerase. The reaction
mixtures were heated to 95℃ for 10 min, followed by
45 cycles of denaturation at 94℃ for 1 min, annealing
at 55℃ for 2 min, and strand elongation at 72℃ for
2 min. After PCR, the samples were electrophoresed
on 6% polyacrylamide gels (ratio of acrylamide:bisacrylamide, 19:1) with 10% glycerol at 4℃. The gels were
then subjected to autoradiography overnight at -80℃.
To confirm KLF6, K-ras, and B-raf mutations, direct
sequencing was performed as described previously[15]. The
aberrantly migrating band on the SSCP gel was removed,
reamplified, and directly sequenced on both strands with
an ABI PRISM 310 Genetic Analyzer (Perkin-Elmer
Applied Biosystems, Foster City, CA). For the sequencing
reaction, a PRISM AmpliTaq DNA polymerase FS Ready
Reaction Dye Terminator Sequencing Kit (Perkin-Elmer
Applied Biosystems) was used.
Microdissection
For mutation- or LOH-positive tumors, multiple (4-7)
samples of each tumor were cut out by microdissection
with sterile needles. DNA was then extracted and
examined for mutations of KLF6, K-ras, and B-raf and for
LOH of KLF6 and p53.
Immunohistochemistry
p53 expression was evaluated by immunohistochemistry
(IHC) using a monoclonal antibody (DO7, diluted
1:50; Novocastra, Newcastle, United Kingdom).
Immunohistochemical staining was performed with the
labeled streptavidin-biotin method (LSAB kit; Dako,
Denmark). After deparaffinization and rehydration, the
tissue sections were subjected to microwave treatment
for 15 min. Endogenous peroxidase activity was blocked
with hydrogen peroxide, and sections were incubated
with goat serum at room temperature for 20 min to
block nonspecific binding. Primary antibody was applied
overnight at 4℃. This was followed by incubation with
biotinylated secondary antibody for 20 min and then
with a streptavidin-biotin-peroxidase complex reagent for
20 min at room temperature. The sections were washed
thoroughly with phosphate-buffered saline between
incubation steps. Diaminobenzidine tetrahydrochloride
www.wjgnet.com
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B-raf exon 11:
B-raf exon 15:
KLF6 exon 1:
exon 2:
exon 3

5′-GGCCTGCTGAAAATGACTGA-3′
5′-GGTGCAGGACCATTCTTTGAT-3′
5′-AAACACTTGGTAGACGGGAC-3′
5′-AATGTGGTGACATTGTGACAAGT-3′
5′-CTTCATGAAGACCTCACAGT-3′
5′-TCCACTGATTAAATTTTTGGCC-3′
5′-GCCTCGCCGCCCTCGC-3′
5′-AACTCCAAACAGCCGACCC-3′
5′-CAATCACGTGCCTTCTCTGG-3′
5′-GAGAAAGTGAGGATTTGTCTG-3′
5′-GTCTGCGGGTCAGTGAAGTC-3′
5′-GTCATCACATTCCCAAGGCC-3′

was used as the chromogen, and sections were counterstained with hematoxylin. Cases with sporadic or no
p53 staining were considered negative, whereas focal
or diffuse immunoreactivity was considered positive.
Immunohistochemical evaluations were performed without
any knowledge of clinicopathologic data.
Statistical analysis
Chi-square and Fischer’s exact probability tests were used
for comparisons of clinicopathologic and genetic factors.
P < 0.05 was regarded as significant.

RESULTS
Clinicopathologic features of the 55 colorectal tumors are
shown in Table 2. We first examined genetic alterations
in tissue samples without microdissection. Individual data
and summary of genetic analyses are shown in Tables 3
and 4, respectively. LOH of KLF6 was found in 14 of 29
(48.3%) nonpolypoid tumors, including 2 of 6 (33.3%)
mucosal tumors and 12 of 23 (52.2%) submucosal tumors.
Mutations of KLF6 were detected in 2 of 34 (5.9%)
tumors, including none of 6 (0%) mucosal tumors and 2
of 34 (5.9%) submucosal tumors. LOH of p53 was found
in 14 of 31 (45.2%) tumors, including 4 of 8 (50.0%)
mucosal tumors and 10 of 23 (43.5%) submucosal tumors.
p53 overexpression was found in 19 of 55 (34.5%) tumors,
including 2 of 10 (20.0%) mucosal tumors and 17 of 45
(37.8%) submucosal tumors. K-ras mutations were found
in 5 of 55 (9.1%) tumors, including 1 of 10 (10.0%)
mucosal tumors and 4 of 45 (8.9%) submucosal tumors.
All of the detected mutations were G13C. B-raf mutations
were found in 6 of 55 (10.9%) tumors, including 1 of 10
(10.0%) mucosal tumors and 5 of 45 (11.1%) submucosal
tumors. Three of the 6 B-raf mutations were A560C, and
the others were A608C, A396T, and G378A. Two samples
showed both K-ras and B-raf mutations. In each genetic
alteration, there were no significant difference between the
www.wjgnet.com

Number 29

Primer sequence
Characteristics

Loss of heterozygosity analysis
p53 (TP53)
5′-AGGGATACTATTCAGCCCGAGGTG-3′
5′-ACTGCCACTCCTTGCCCCATTC-3′
KLF6 (D10S591)
5′-ACCTCGAAGGTCTGTTCTCC-3′
5′-GGCTTTATGGATCATATTAATCCAC-3′
KLF6 (D10S594)
5′-GGGCAGCGTTGCTGAGA-3′
5′-GCACCCAGATAGGCATAGAGA-3′
Mutation analysis
K-ras exon 1:

Volume 13

Table 2 Summary of clinicopathologic features of 55 colorectal
tumors

Table 1 PCR primer sets
Priming region

August 7, 2007

Sex
Male
Female
Tumor location1
Right-sided
Left-sided
Tumor histology2
Well-differentiated adenocarcinoma
Moderately differentiated adenocarcinoma
Tumor depth
Mucosal
Submucosal

Number (%)
39 (71)
16 (29)
20 (36)
35 (64)
46 (84)
9 (16)
10 (18)
45 (82)

1

Right-sided: from the cecum to the transverse colon; Left-sided: from the
splenic flexure to the rectum. 2According to the Japanese Classification of
Colorectal Carcinoma.

frequency in mucosal carcinomas and that in submucosal
carcinomas. There were no significant associations between
genetic alterations and clinicopathologic characteristics
including patients’ sex, tumor location, histology and
depth.
In mutation- or LOH-positive tumors, we next
examined genetic alterations by microdissection. In the
10 of the 14 (71.4%) KLF6 LOH-positive tumors, LOH
was found in all of the microdissected tumor samples. In
1 of 14 KLF6 LOH-positive tumors, case 22, a missense
mutation (exon 3, codon 735, CTG to GCT) was detected
(Figure 1). In 9 of the 14 (64.3%) p53 LOH-positive
tumors, LOH was found in all of the microdissected
tumor samples (Figure 2). In both of the K-ras and B-raf
mutation-positive cases, the mutations were detected in
only a subset of microdissected tumor samples (Figure 3).

DISCUSSION
Results of this study suggest that KLF6 and p53 mutations
are involved in the development of nonpolypoid colorectal
carcinoma, whereas K-ras and B-raf mutations are not.
KLF6 encodes a nuclear protein with three zinc fingers
at the C terminus a serine/threonine-rich central region,
and an acidic domain in the N-terminal region. The zinc
fingers are responsible for specific binding to guaninerich core promoter elements. The central region may
be involved in activation or posttranslational regulatory
pathways, and the acidic N-terminal domain may be
involved in transcriptional activation. The DNA binding
and transcriptional activity of this protein, in conjunction
with its expression pattern, suggests that it may participate
in the regulation and/or maintenance of the basal
expression of pregnancy-specific glycoprotein genes and
possibly other TATA box-less genes[7-9].
K-ras encodes a 21-kD plasma membrane-bound
guanosine triphosphate-binding protein that is a key
regulatory component of signal transduction pathways
that transmit growth stimulatory signals from cell surface
receptors to intracellular targets[16]. K-ras mutations are
found in approximately 30% of colorectal cancers [17].
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Table 3 Individual data for genetic analysis of 55 nonpolypoid colorectal tumors
KLF6
Case
Intramucosal cancer
16
17
29
30
31
32
33
34
35
36
Submucosal cancer
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
18
19
20

LOH

1

NI3
(-)
LOH (3/3)
LOH (2/4)

p53
IHC

Wild

(-)

Wild
Wild
Wild
Wild

(-)
(-)
(-)
(-)
(++)
(+)

Wild

(+++)
(-)
(-)

Wild
Wild
Wild

(-)
(-)
(+)

(-)
(-)
(-)
LOH (1/4)
NI
(-)
NI
NI
LOH (2/3)
NI
NI
NI
NI
LOH (3/7)
NI
LOH (3/4)
(-)
NI

2

Mutation

22

LOH (2/4)

(++)

23

NI

24

NI

CTG to GCT [735,
Leu to Ala (2/4)]
CTG to GCT [735,
Leu to Ala (2/4)]
Wild

25

50
51
52
53
54
55

Wild

Wild
(-)
(-)
(-)
(-)
Wild
(-)
LOH (3/3)
LOH (1/5)
(-)
LOH (3/3)
LOH (2/4)

Wild
Wild
Wild

(-)

(-)

Wild
Wild
Wild

(++)

(-)

LOH (1/3)
LOH (1/4)

Wild

Wild
Wild
Wild

Wild

27
28
37
38
39
40
41
42
43
44
45
46
47
48
49

Wild

(-)
(-)
LOH (3/3)
LOH (1/3)

GGC to GCC [13,
Gly to Ala (1/4)]
Wild
Wild
Wild
Wild
Wild
Wild

NI

LOH (1/5)
(-)
LOH (2/3)
(-)
(-)

NI

(-)

B-raf
Mutation

4

(+++)
(+++)
(-)
(+++)
(++)
(+++)
(-)
(+++)
(+++)
(+++)
(-)
(+++)
(+)
(-)
(-)

Wild
Wild

21

26

K-ras
Mutation

LOH

Wild
Wild
Wild
Wild
Wild
Wild

(-)
LOH (3/4)

Wild

LOH (1/5)
LOH (1/4)

Wild
Wild

LOH (2/3)
(-)
LOH (2/4)
(-)
(-)

Wild
Wild
GGC to GCC [13,
Gly to Ala (1/4)]
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
GGC to GCC [13,
Gly to Ala (1/4)]
Wild

Wild
Wild
Wild
Wild
Wild
AAA to CAA [560,
Lys to Gln (1/3)]
Wild
Wild
Wild

Wild

Wild
Wild
CAT to CTT [396,
His to Leu (1/4)]
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
CAG to CCG [608,
Glu to Pro (1/4)]
GTG to ATG [378,
Val to Met (1/3)]
Wild

(+)

(-)

Wild

Wild

(-)

(-)

Wild

(+)

GGC to GCC [13,
Gly to Ala (1/5)]
Wild

(-)

Wild

(-)
(-)
(-)
(+++)
(-)
(++)
(-)
(-)
(++)
(-)
(+++)
(+++)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(+++)

NI
LOH (4/4)
LOH (4/4)
(-)

NI
LOH (5/5)
(-)
(-)
(-)
LOH (3/5)
(-)
LOH (1/4)
LOH (3/4)

Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
GGC to GCC [13,
Gly to Ala (1/4)]
Wild
Wild
Wild
Wild
Wild
Wild

AAA to CAA [560,
Lys to Gln (1/5)]
AAA to CAA [560,
Lys to Gln (2/6)]
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild

1

LOH: loss of heterozygosity; 2IHC: immunohistochemistry; 3NI: not informative; blank space, not examined; 4Number of LOH or mutation-positive foci per
number of microdissected tumor foci is indicated in parenthesis.
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Table 4 Summary for genetic analysis of 55 nonpolypoid
colorectal tumors

T
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Figure 1 Representative
example (case 22). A: Histologic
findings. Open squares indicate
microdissected areas. T1-T4:
tumor samples; N: normal
sample. B: Microsatellite assay
of D10S591. T3 and T4 show
allelic loss of the locus (arrow). C:
polymerase chain reaction-singlestrand conformation polymorphism
analysis of KLF6. T3 and T4 show
mobility shift (arrow). D: Direct
sequencing analysis of KLF6. A
missense mutation at codon 735
(CTG to GCT) is confirmed.

190
C A A G

T1

T2

T4
T3

N
Frequency
Genetic alteration
KLF6, LOH1 (+)
KLF6, mutation
p53, LOH (+)
p53, overexpression
K-ras, mutation
B-raf, mutation

Mucosal cancer

Submucosal cancer

2/6 (33.3%)
0/6 (0%)
4/8 (50.0%)
2/10 (20.0%)
1/10 (10.0%)
1/10 (10.0%)

12/23 (52.2%)
2/28 (7.1%)
10/23 (43.5%)
17/45 (37.8%)
4/45 (8.9%)
5/45 (11.1%)

Total
14/29 (48.3%)
2/34 (5.9%)
14/31 (45.2%)
19/55 (34.5%)
5/45 (9.1%)
6/55 (10.9%)

B

T1

T2

T3

T4

N

1

LOH, Loss of heterozygosity.

The majority of the mutations involve a single amino
acid substitution at codon 12 or 13, which decreases the
intrinsic guanosine triphosphatase activity, which leads to
the constitutive activation of the K-ras signaling pathway.
Interestingly, K-ras mutations are associated with polypoidtype colorectal tumors.
The raf family, which includes A-raf, B-raf, and raf-1,
comprises serine/threonine kinases that are regulated by
binding to ras. K-ras mutations lead to activation of this
signaling pathway and to malignant transformation [18].
B-raf mutations are observed in malignant melanoma,
colorectal cancers, and ovarian borderline tumors. They are
mutually exclusive with ras mutations[14,19]. B-raf mutations
are obser ved in approximately 10% of colorectal
carcinomas [19]. Mutations occur in two regions of the
kinase domain, in exon 15 (the activation segment, which
protects the substrate-binding site), and less commonly,
in exon 11 (the G loop, which mediates ATP binding).
www.wjgnet.com

Figure 2 Representative example (case 38). A: Histologic findings. T1-T4:
tumor samples; N: normal sample. B: Microsatellite assay of TP53. All of the
microdissected tumor foci (T1-T4) show allelic loss of the locus (arrow).

Mutated B-raf protein shows increased kinase activity and
can transform NIH3T3 cells[14]. B-raf mutations are also
associated with polypoid-type colorectal tumors.
In the present study of nonpolypoid tumors, frequent
alterations of KLF6 and p53 were found. In more than
60% of the cases, these alterations were found in all
of the microdissected tumor samples. On the contrary,
the frequencies of K-ras and B-raf mutations were low,
and these mutations were detected only in subsets of

Mukai S� et al . KLF-6 mutation in nonpolypoid colorectal carcinoma

microdissected tumor samples. Alterations were detected
homogeneously or heterogeneously in the microdissected
samples for each gene. Homogeneous alterations were
considered to be the result of expansion of a single clone.
Heterogeneous alterations were considered to occur as
the tumor progressed or diverged genetically. During
genetic progression, in addition to the early homogeneous
genetic events, alterations are detected only in subsets of
microdissected tumor samples, indicating linear genetic
progression of a single neoplastic clone. During genetic
divergence, in addition to early homogeneous genetic
events, different alterations of several genes are detected
in different parts of the tumor, indicating that a single
neoplastic clone has diverged in two or more directions[20].
Thus, alterations of KLF6 and p53 may be early and
important events in the development of nonpolypoidtype tumors, whereas K-ras and B-raf mutations may not.
However, morphologically mixed-type tumors, such as
polypoid lesions in depressed tumors, are occasionally
found. Tumors with mixed morphology may be the result
of recently mutated K-ras. Microdissection is useful in the
examination of genetic heterogeneity of tumors. Use of
this method to examine genetic heterogeneity in tumors of
mixed morphology will provide information regarding the
genetic events involved.
Although LOH of KLF6 was detected in 14 of 31
(45.2%) tumors, only a single KLF6 missense mutation was
detected in the present study. We examined the reported
hot spot region of the gene. Current reports are all from
Western countries. There are no studies on the frequency
of KLF6 mutation in Asian countries. The mutation
spectrum may differ between Western countries and
Asian countries, including Japan. Further examination is
necessary to clarify this issue.
Recently, Konishi et al[21] reported B-raf mutation in 9%
of nonpolypoid tumors, and Noda et al[22] reported that
10% of tumors showed this mutation. They concluded
that B-raf mutation may be involved in the development
of nonpolypoid colorectal carcinoma. The mutation
frequency of this gene was similar to that in the present
study. However, mutation was detected only in subsets of
microdissected tumor samples, indicating little or no role in
the development of nonpolypoid tumors. Microdissection
was not used in previous studies. Thus, genetic clonality
was not assessed.
In conclusion, results of the present study suggest that
KLF6 and p53 mutations are involved in the development
of nonpolypoid colorectal carcinoma, whereas K-ras and
B-raf mutations are not. Polypoid-type tumors were not
examined in the present study; therefore, the present
study had limitations. The frequency of KLF6 mutation in
polypoid-type tumors is of great interest. A high frequency
of KLF6 somatic mutation has been reported in colorectal
carcinoma, and the adenoma-carcinoma sequence is
predominant in the development of colorectal carcinoma.
Therefore, KLF6 mutation in polypoid-type tumors may
be frequent. In this relation, the frequency of KLF-6
mutation in adenomatous polyps is of great interest.
However, there were no reports on the frequency. Future
research will examine mutations in polypoid-type tumors
and adenomatous polyps.
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Figure 3 Representative example (case 20). A: Histologic findings. T1-T4:
tumor samples; N: normal sample. B: polymerase chain reaction-single-strand
conformation polymorphism analysis of K-ras. T2 shows a mobility shift. C: Direct
sequencing analysis of K-ras. A misssense mutation at codon 13 (GGC to GCC) is
confirmed.
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Abstract
AIM: To investigate whether chronic H pylori infection
has the potential to induce pancreatitis in the Mongolian
gerbil model, and whether it is dependent on an intact
type Ⅳ secretion system.
METHODS: Mongolian gerbils were infected with wild
type (WT) H pylori typeⅠstrain B128 or its isogenic mutant
B128 ∆cagY (defective type Ⅳ secretion). After seven
months of infection, H pylori was reisolated from antrum
and corpus and H pylori DNA was analyzed by seminested polymerase chain reaction (PCR). Inflammation
and histological changes were documented in the gastric
antrum, corpus, and pancreas by immunohistochemistry.
Cytokine mRNA, gastric pH, plasma gastrin, amylase,
lipase, and glucose levels were determined.
RESULTS: The H pylori infection rate was 95%.
Eight infected animals, but none of the uninfected
group, developed transmural inflammation and
chronic pancreatitis. Extensive interstitial fibrosis and
inflammation of the pancreatic lobe adjacent to the
antrum was confirmed by trichrome stain, and immunohistochemically. Pro-inflammatory cytokine mRNA
was significantly increased in the antral mucosa of all
infected gerbils. In the corpus, only cytokine levels of
WT-infected animals and those developing transmural
inflammation and pancreatitis were significantly increased.
Levels of lipase, but not glucose or amylase levels, were
significantly reduced in the pancreatitis group. H pylori
DNA was detected in infected antral and corpus tissue,

but not in the pancreas.
CONCLUSION: H pylori infection is able to induce
chronic pancreatitis in Mongolian gerbils independently
of the type Ⅳ secretion system, probably by an indirect
mechanism associated with a penetrating ulcer.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Regular alcohol abuse is known as a risk factor for the
development of chronic pancreatitis in humans. Several
experimental animal models have been developed for
chronic alcoholic pancreatitis, but to date the exact
pathological mechanism underlying chronic pancreatitis
is still unclear. About 10%-30% of chronic pancreatitis
cases can be defined as idiopathic[1]. Despite considerable
experimental effort, ethanol feeding alone fails to cause
acute or chronic pancreatitis in animals. Ethanol feeding
only causes pancreatic injuries if combined with other
procedures (e.g. reduced microcirculation, increased
pancreatic acinar cell expression of digestive and lysosomal
enzymes, limiting pancreatic regeneration, and additional
nutritional factors) [1]. Thus, other, yet to be identified
genetic or environmental factors possibly play a role.
Whether a bacterial infection could be a cause of at least
some of these chronic pancreatitis cases remains unclear.
Epidemiologic data suggest that there is an association
of H pylori colonization in the stomach with an increased
risk of developing pancreatic injury or cancer[2]. A causal
role for H pylori in the pathogenesis of peptic ulcer disease
has been firmly established[3]. Subsequently, this Gramnegative bacterium was also identified as a risk factor for
gastric carcinoma [4] and non-Hodgkins’ lymphoma [5].
H pylori strains are genetically very diverse and certain
strains (typeⅠ) carry a type Ⅳ secretion system located on
the cag pathogenicity island (cag-PAI), which enables the
bacteria to translocate an effector protein, the cytotoxinwww.wjgnet.com
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associated antigen (CagA), into gastric epithelial cells.
CagA is phosphorylated on tyrosine residues[6-9] and causes
a disruption of eukaryotic signaling cascades[10,11]. Although
H pylori has not been found to colonize the pancreas in
humans directly[12], epidemiologic evidence suggests that
H pylori infection might create an environment favorable
for the development of pancreatitis and even pancreatic
cancer[12].
Mongolian gerbils are a good animal model for
studying H pylori infection and related complications, but
it has not been used as a model for pancreatic disease.
After several months of infection, Mongolian gerbils
show a severe gastritis in the antrum that recapitulates the
histological picture of type B-gastritis in humans[13]. We
used Mongolian gerbils to examine the effect of gastric
colonization on the development of pancreatic injury. In
addition to a wild type (typeⅠ) strain, we also generated a
knockout mutation in the cag-PAI-specific cagY gene, which
renders the strain incompetent for type Ⅳ-secretion.
We asked the question whether a long-ter m (7 mo)
colonization of H pylori with different virulence potential
can induce pancreatitis in vivo without any additional
cofactors, such as alcohol, and whether it is a direct or
indirect pathogenic mechanism.

MATERIALS AND METHODS
Bacterial strains
The bacterial strains used in this study were H pylori
B128, a Mongolian gerbil-adapted type Ⅰ-strain[14], and
its isogenic mutant B128 ∆cagY[15]. Both strains carry a
streptomycin resistance gene cassette in the chromosome
that allows quantitative recovery of H pylori from the gerbil
stomach by antibiotic selection[16].
Quantitative reisolation of H pylori from antral and
corpus tissue sections was perfor med essentially as
described before[16]. In brief, the wet mass of antral and
corpus tissue sections were determined. Each gastric
tissue specimen was homogenized (glass homogenizer,
Ochs, Bovenden, Germany) in 1 mL of Brucella broth.
Aliquots of appropriate dilutions were spread on selective
serum plates (GC agar Difco) supplemented with horse
serum (80 mL/L), vancomycin (10 mg/L), trimethoprim
(5 mg/L), nystatin (1 mg/L), and streptomycin (250 mg/L)
and incubated under microaerophilic conditions (85% N2,
10% CO2, 5% O2) at 37℃ for up to five days. Numbers
of colony forming units (CFU) were expressed per gram
of gastric tissue. The reisolated and sub-cultivated H pylori
from antrum and corpus tissue were tested for urease
(urea broth, Oxoid), oxidase (DrySlide, BBL), and catalase
(3% hyperperoxide-solution) activity. Furthermore, the
reisolates were analyzed for CagY and CagA protein
production, as well as tyrosine phosphorylation of CagA
by western blot[6]. IL-8 induction was performed in AGS
gastric epithelial cells.
Animals and infection experiments
Female Mongolian gerbils (n = 26), outbred and grown
under specific pathogen free conditions were used in this
study. They were housed in SealSafe IVC cages (H-Temp,
Tecniplast, Hohenpeissenberg, Ger many) in an airwww.wjgnet.com

August 7, 2007

Volume 13

Number 29

conditioned biohazard room (room temperature, 23 ± 2℃;
relative humidity 55% ± 5%; 12/12-h light/dark cycle)
with free access to a commercial gerbil diet (ssniff Gerbil,
SSNIFF, Soest, Germany) and sterile tap water. Animals
at the age of 8-12 wk were challenged orogastrically
three-times over five consecutive days with approximately
10 9 viable H pylori. Age-matched control animals were
inoculated with identical volumes of sterile Brucella
broth alone. All experiments and procedures carried out
were conducted in accordance with the Guidelines for
the Care and Use of Laboratory Animals and approved
by the Regierung von Oberbayern (AZ 211-2531-43/02
and 55.2-1-54-2531-78/05). The animals were sacrificed
seven months after inoculation. The stomach was opened
along the greater curvature. Antral and corpus tissues
were macroscopically separated. Sections for histological
analysis were fixed in 10% neutral buffered formalin or
shock-frozen for cryo-sections.
Histopathology
Paraffin embedded sections (5 μ m) of antr um and
corpus were cut longitudinally and hematoxylin-eosin
(HE) stained for grading. The intensity of inflammation,
metaplasia, and ulcer development (scale 0-5) was analyzed
by a pathologist blinded to the treatment according to a
published protocol[17]. This grading system was developed
to combine the amount of inflammatory cells infiltrating
the gastric mucosa (grade of gastritis) with other histopathological changes occurring in the inflamed tissue, like
metaplasia and ulcerations. The presence of collagen fibers
in pancreatitis tissue was confirmed by using a trichrome
stain kit (Newcomer supply, Middleton, WI, USA) to
paraffin embedded sections.
Immunohistochemistry
Longitudinal paraffin sections of antrum and corpus
were deparaffinized, then demasked with 0.01 mol/L
citrate buffer (pH 6.0), and permeabilized in 3% H2O2.
Slides were preincubated with 5% horse or goat normal
serum/phosphate-buffered saline and then incubated
with a mouse anti-vimentin (Sigma, Tauf kirchen,
Germany) or rabbit anti-mouse collagen typeⅠantibody
(Linaris, Wertheim-Bettingen, Germany), respectively,
followed by a secondary biotinylated anti-mouse or
rabbit immunoglobulin G antibody (Linaris). Immune
complexes were visualized with avidin-biotin complexes
and diaminobenzidine (DAB) (Vectastain Elite ABC Kit,
Linaris) as substrate for horseradish peroxidase. Finally,
the sections were briefly counterstained with haematoxylin,
dehydrated, and mounted (VectaMount, Linaris). Negative
controls were performed by omitting the primary antibody.
pH measurement
After opening the stomach and removal of the gastric
content with forceps, the pH of the gastric mucosa was
measured using color-fixed indicator test sticks (pH-Fix
0.0-6.0, Macherey-Nagel, Dueren, Germany).
Plasma isolation
After sacrifice, approximately 2 mL of blood was collected
by cardiac puncture, aliquoted into lithium-heparinized
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tubes, and centrifuged at 9000 r/min for 15 min at 4℃.
Plasma was collected and immediately stored at -20℃ until
assayed.
Gastrin radioimmunoassay
The gastrin radioimmunoassay (RIA) was performed
as described previously[18]. Briefly, plasma samples were
incubated in duplicate at 4℃ with 125I-Met human gastrin
amide (G-17) label and antiserum 5135 (CURE, UCLA).
G-17 (5 and 50 pmol/L) was used to generate the standard
curves. The ID50 was 1 pmol/L and inter- and intra-assay
coefficients of variation were less than 2% and 11%,
respectively.
Plasma amylase, lipase, and glucose determination
Plasma amylase and lipase activity was determined by
using commercially available kits ( α-Amylase EPS and
Lipase colorimetric, Roche, Mannheim, Ger many).
Glucose concentration was measured using a colorimetric
assay (Roche). All three assays were performed in a
veterinary laboratory (Vet-Med-Labor, Institute for Clinical
Assessment, Ludwigsburg, Germany).
RNA isolation and real-time RT-PCR
RNA isolation and real-time RT-PCR measurement were
applied as described previously[15]. cDNA was synthesized
using 1 μg total RNA, random hexamer oligonucleotide
primers, and TaqMan Reverse Transcriptase Kit (Roche).
Oligonucleotide primer and probes specific for IL-1 β,
IFN-γ, KC, and the house keeping gene 18S rRNA were
applied for real-time RT-PCR (ABI PRISM 7000, Applied
Biosystems). RNA samples were used as negative controls.
Semi-nested PCR
DNA was isolated from 16 cryo-sections (25 μ m) by
using QIAamp DNA Mini Kit spin columns (Qiagen,
Hilden, Germany). DNA was amplified by semi-nested
PCR in a ther mal cycler T3 (Biometra, Goettingen,
Germany) using specific primers for detecting H pylori 16S
rRNA. The amplification reaction was carried out with
a PCR buffer containing 20 mmol/L Tris-HCl (pH 8.0),
2 mmol/L MgCl 2 , 100 mmol/L KCl, 200 μ mol/L
each dNTP, 400 nmol/L each primer, and 0.75 U
Takara LA Taq DNA polymerase (Takara Bio Inc.,
Shiga, Japan). The forward primer for 16S rRNA 1F
(5'-CTATGACGGGTATCCGGC-3') and reverse primer
1R (5'-CTCACGACACGAGCTGAC-3') were used in
the first step. In the second step, an aliquot of 3 μL of
the amplification product of the first step, primer 1F and
reverse primer 2R (5'-TCGCCTTCGCAATGAGTATT-3')
were used. The PCR amplification profile involved two
times 30 cycles of denaturation at 95℃ for 30 s, annealing
at 55℃ for 30 s, and extension at 72℃ for 1 min starting
with a predenaturation at 95℃ for 5 min. The 18S rRNA
gene was amplified by using the forward primer 3F (5'-CG
GCTACCACATCCAAGGAA-3') and reverse primer 3R
(5'-GCTGGAATTACCGCGGCT-3'). Detection of PCRproducts was done in agarose gels, stained with ethidium
bromide, and visualized by UV illumination.
Statistical analysis
The results were statistically analyzed using the Mann-

Table 1 Histopathological findings of H pylori infected and
non-infected Mongolian Gerbils [(n /n )%]
Parameter

Non-inf.

B128

B128 ∆cagY

No. of animals (n)
Reisolation rate
Lymphaggregate
Gastric ulcer
Metaplastic changes
Transmural inflammation
and pancreatitis1

7
(0/7) 0
(0/7) 0
(0/7) 0
(0/7) 0
(0/7) 0

10
(9/10) 90
(9/9) 100
(8/9) 89
(9/9) 100
(5/9) 56

9
(9/9) 100
(7/9) 78
(3/9) 33
(7/9) 78
(3/9) 33

1

No statistical difference was observed in the induction of transmural
inflammation and pancreatitis of H pylori B128 WT and mutant B128 ∆cagY
strain infected gerbils, respectively.

Whitney U-test for unpaired groups and two-sided Fisher’s
exact test. P < 0.05 was considered as significant.

RESULTS
H pylori infection rate and gastric histopathology
Seven months after oral inoculation of Mongolian gerbils,
the successful infection and the H pylori colonization
density was determined by reisolation of streptomycinresistant H pylori from the gastric antrum and corpus region
separately. The reisolation rate was similar in both infected
animal groups (90%-100%) (Table 1). All Mongolian
gerbils infected with H pylori B128 WT strain exhibited a
severe inflammation, including large lymphoid aggregates
in both the mucosa and submucosa of the stomach. Peptic
ulceration of the gastric mucosa and metaplastic changes
were observed in 89% and 100% of gerbils infected with
the B128 WT strain, respectively (Table 1). Gerbils infected
with the cag-PAI defective mutant strain showed a lower
number of lymphaggregates and metaplastic changes, and
a reduction in the formation of gastric ulcer (Table 1).
Thus, the severity of histopathological alterations in the
stomach revealed a positive correlation with the presence
and activity of the cag-pathogenicity island (cag-PAI).
Histopathological findings in the pancreas
A novel and surprising observation in 5/9 (56%) and
3/9 (33%) animals of the WT- and mutant-infected
groups, respectively, but not in the control animals, was
strong, transmural inflammation in the antrum of the
stomach. This inflammation continued into the adhering
pancreatic tissue (Table 1, Figure 1A-C). The often
severe inflammation in the antrum extended from the
gastric mucosa to the submucosa, resulting in transmural
inflammation (compare Figure 1A-C). No histological
changes were observed in pancreatic lobes distant from
the penetrating ulcer area (data not shown).
The chronic fibrosis in the pancreatic tissue was
confirmed using the trichrome stain for collagen tissue,
which stains blue (Figure 1D-F). Immunohistochemical
analysis of the inflamed pancreatic tissue by anti-collagen
typeⅠand anti-vimentin antibody revealed brown stained
fibrous replacement of pancreatic acini as marker for
chronic pancreatitis (Figure 1G). In contrast to the atrophy
and fibrous replacement of pancreatic acini, the sections
revealed relative preservation of the pancreatic ducts and
www.wjgnet.com
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Figure 1 Histopathological
changes in the gastric mucosa
and adjacent pancreatic tissue
of Mongolian gerbils seven
months after inoculation. (HE
stain, × 40). A: Control group,
no inflammatory cell infiltrates
and pathological changes;
B: H pylori B128 WT-strain
infected gerbils, showed severe
inflammatory cell infiltrates in
the antral mucosa extending
into the muscularis externa, and
chronic pancreatitis; C: H pylori
B128 ∆cagY-mutant infected
gerbils, revealed a severe
antral gastritis extending into
the muscularis externa, and
chronic pancreatitis; D: Control
groups, no pancreatic injury;
E: Chronic pancreatitis with
marked atrophy and fibrous
replacement of pancreatic acini
was highlighted by trichrome
staining of WT-infected gerbils
and F: In gerbils infected with
∆cagY-mutant. G: Fibrous
tissue in the pancreas of
infected Mongolian gerbils
detected with anti-vimentin
and anti-collagen typeⅠ
antibody; H: Severe ulceration
of antral mucosa with marked
inflammatory cell infiltration into
submucosa and transmural
inflammation into adjacent
pancreatic lobules in WTinfected gerbil. Asterisks
indicate pancreatic acini
while arrows mark the fibrotic
changes within the pancreas.
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Figure 2 Mongolian gerbils orally challenged with H pylori for seven months. A: Colonization density; B: histological grading of antral and corpus mucosa; C: Stomach pH;
D: Plasma levels of gastrin. Infected animals that developed transmural inflammation (filled grey symbols) and chronic pancreatitis (filled black symbols) [Pan.] showed a
severe antral and corpus gastritis, increased pH, and increased plasma gastrin level. The Pan-group represents animals of both infected groups (aP < 0.05).

islets of Langerhans (Figure 1E-G). Furthermore, in all
animals where pancreatitis was present, severe gastric ulcer
lesions and transmural inflammation were observed in
the antrum penetrating into the adjacent pancreatic lobes
(Figure 1H, Table 1). Thus, the transmural inflammation
due to the penetrating gastric ulcer was clearly dependent
on the H pylori infection.
Grading of gastric inflammation, pH and plasma gastrin
level
Reisolation rates of infected gerbils developing transmural
inflammation and pancreatitis did not reveal any significant
differences as compared to infected groups without
pancreatitis (Figure 2A). The pathological changes in
the mucosa were characterized by applying the rodent
adapted gastric grading scheme, first described by Garhart
et al[17]. As we showed previously[15], the grade of inflammation in the corpus of the gerbil strongly depended
on the H pylori strain used for infection. The B128 type
Ⅰstrain with a functional type Ⅳ secretion system,
but not the B128 ∆ cagY-mutant strain, induced severe
inflammation in the corpus, whereas, H pylori-induced
inflammation in the antrum was cag-PAI independent. In
principle, the same observations were made in this study
(Figure 2B). However, those gerbils infected with the
B128 ∆ cagY-mutant strain that developed pancreatitis
behaved differently (Figure 2B). They showed a significant

increase in inflammation in the antrum, the corpus, and
the adjacent pancreatic tissue (Figures 1 and 2B). Since we
observed earlier that chronic inflammation in the corpus
is associated with severe atrophy of the parietal cells[15], we
found the gastric pH of WT-infected gerbils significantly
increased, as compared to the non-infected and mutant
infected g roup without pancreatitis (Figure 2C).
Furthermore, in the H pylori-infected group developing
pancreatitis the pH of the corpus was significant elevated,
as compared to B128 ∆ cagY-mutant infected animals
without pancreatitis (Figure 2C).
The gastric hormone gastrin was significantly increased
in the WT-infected gerbil group, as compared to noninfected and cagY-mutant infected g roups without
pancreatitis (Figure 2D). In contrast, the B128 ∆ cagYmutant infected gerbils that developed transmucosal
inflammation and chronic pancreatitis revealed not only a
high pH, but also a significant increase in plasma gastrin
levels, as compared to the animals of the same group
without pancreatitis (Figure 2C and D).
Plasma amylase, lipase, and glucose level
As already observed by trichrome stain (Figure 1E and F)
and immunohistochemical analysis (Figure 1G), the
penetrating ulcer and transmural inflammation increased
fibrosis in the pancreas. To determine if the fibrosis
affected the endocrine or exocrine functions, we examined
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the levels of serum pancreatic enzymes and glucose
(Figure 3A). There was no consistent difference in the
amylase levels. The inconsistent trend in amylase levels
might reflect a mixture of amylase from other sources, e.g.,
salivary glands. Therefore, lipase levels were assayed, too.
Comparing the plasma lipase level of non-infected
with both infected H pylori groups without pancreatitis,
the median of all three groups did not differ significantly
(Figure 3B). However, WT-infected and mutant-infected
animals that developed pancreatitis showed a reduced
plasma lipase level (P < 0.05). This confir med an
association with the histopathology observed in the acini
of the infected animals where the atrophy of the acini was
replaced by fibrous tissue. This represents a trend towards
reduced exocrine function as shown in reduced plasma
lipase concentrations.
The islet of Langerhans in the pancreas releases
hormones, such as insulin, involved in carbohydrate
metabolism. Therefore, glucose levels were measured,
but the medians of all three animal groups revealed no
statistical differences, despite the presence of histological
changes in the pancreas (Figure 3C). This result argues for
the presence of an intact endocrine pancreas.
Quantification of proinflammatory cytokine mRNA expression
The cytokine mRNA expression was quantified using
the real time RT-PCR technique and standardized to 18S
rRNA. Gerbil-specific sequences were used to quantify the
KC, IL-1β, and IFN-γ mRNA expression levels of antral
and corpus mucosa separately. The data in Figure 4A-C
demonstrated a significant increase in the proinflammatory
cytokine mRNA expression in gerbils infected with the
B128 WT strain, as compared to non-infected animals. In
the B128 ∆cagY-mutant strain group without pancreatitis,
proinflammatory cytokine expression in the corpus was
as low as in the non-infected group, consistent with
our previous results[15]. Those infected animals showing
a transmural inflammation and pancreatitis exhibited
significantly higher levels of all three proinflammatory
cytokine mRNAs as compared to ∆cagY-mutant infected
animals without pancreatitis. These cytokine levels were
comparable to the level of B128 WT-infected animals.
Thus, the KC, IL-1β, and IFN-γ mRNA levels in animals
with severe transmucosal inflammation cor related
with the observed inflammatory score (Figure 2B) and
histopathologic changes (Figure 1) of those infected
gerbils.
Determination of H pylori-DNA in gastric and pancreatic
tissue
An important question to answer was now whether or not
H pylori can be detected in the pancreas. Therefore, we
applied a semi-nested PCR approach. Total DNA from
pancreatic cryo-sections was isolated and the Helicobacter
16S rRNA gene was amplified. All antral and corpus tissue
samples of infected Mongolian gerbil revealed an amplified
product of 433 bp at the same position as the positive
control (DNA of the H pylori B128 strain) (Figure 5).
None of the infected animals showed an amplification
product of the 16S rRNA from pancreatic DNA sample.
All non-infected tissue samples revealed a negative result in
www.wjgnet.com
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Figure 3 Plasma (A) amylase, (B) lipase, and (C) glucose level of mongolian
gerbils orally challenged for seven months with H pylori (aP < 0.05).

the semi-nested PCR analysis. To verify that enough DNA
was isolated the eukaryotic housekeeping gene 18S rRNA
was amplified from all samples (Figure 5). In addition, we
also applied an immunohistochemical approach, using a
polyclonal anti-H pylori antibody (AK175) for detection.
Paraffin sections of antral and corpus tissue of infected
Mongolian gerbils were positively stained for H pylori, but
not the pancreatic tissue (data not shown). Unfortunately,
this antibody detected other rod-shaped bacteria in the
forestomach as well, probably Lactobacillus spp., therefore,
we did not apply this technique further. Since absolutely
no H pylori-DNA could be detected in pancreatic tissue
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Figure 4 Quantitative cytokine mRNA levels of (A) KC, (B) IL-1β, and (C) IFN-γ of
gerbils challenged for seven months with H pylori (aP < 0.05).

of the infected animals, this argues for an indirect
pathomechanism. The procedure starts with an H pyloriinduced antral gastritis, followed by a penetrating gastric
ulcer with transmural inflammation into the adjacent lobe
of the pancreas.

DISCUSSION
In this study, we demonstrate that infection of Mongolian
g erbils with H pylori for seven months can cause
pancreatitis in the pancreatic lobe adjacent to the antral
stomach. Although we consider our work as an initial
observation, it reports to our knowledge for the first time
on a H pylori-induced pancreatitis in an animal model and,
therefore, on a possible link between the H pylori infection
and chronic pancreatitis due to a penetrating gastric ulcer.

Figure 5 Semi-nested PCR analysis of 16S rRNA (433 bp) and the house
keeping gene 18S rRNA (100 bp) in DNA isolated from antrum (A), corpus (C), and
pancreas (P) of non-infected and H pylori-infected Mongolian gerbils. DNA isolated
from H pylori strain B128 was used as positive control (+) for 16S rRNA and a
Mongolian Gerbil cDNA for 18S rRNA amplification, and a reaction without DNA as
negative control (-).

Singular case reports of humans and carnivores showed
a penetration of the pancreas by a giant gastric ulcer[19,20].
Although, in these rare cases H pylori colonization has not
been addressed, the high prevalence of H pylori in ulcer
patients suggests an etiologic relation.
Acute pancreatitis, chronic pancreatitis, and pancreatic
cancer are the most common pancreatic disorders.
Although chronic pancreatitis is generally thought to be
affected by ethanol abuse and smoking, there is a large
category of patients that have idiopathic causes for their
chronic pancreatitis (10%-30%). However, mutations in
several genes, such as PRSS1, CFTR or SPINK1, have
been shown to be associated with, or may predispose
to the development of idiopathic or hereditary chronic
pancreatitis [21,22] . Although, we did not analyze such
predisposing mutations in the gerbils, our data give a first
indication that H pylori induced distal gastritis may be
a cause of idiopathic chronic pancreatitis in the animal
model.
In future experiments it has to be more rigorously
defined whether our obser vations from the animal
model really match the process of chronic pancreatitis in
humans. In addition, it would be important to test in the
gerbils whether the process is irreversible by performing a
bacterial eradication experiment and to test the stability of
the pancreatic changes induced by H pylori.
In addition to the typeⅠ  H pylori WT strain B128,
we also used a genetically modified derivative, unable to
use its type Ⅳ secretion system (B128 ∆cagY). In general,
our data suggest that the capacity of H pylori to induce
pancreatitis in Mongolian gerbils is cag-PAI independent.
Both strains were able to induce pancreatitis, and therefore
were grouped together in the further analysis. In this
study we consider a penetrating gastric ulcer with a severe
transmucosal inflammation of the gastric mucosa as a
pre-pancreatitis stage, since the WT-infected gerbil group
without transmural inflammation carried a high potential
to develop pancreatitis, and there was no significant
difference between WT-infected animals with and without
pancreatitis in most parameters analyzed (Figures 2, 3 and
4). This was in contrast to the B128 ∆cagY-infected animals,
where only animals with pancreatitis showed significant
inflammation and gastric hormone scores (Figures 2, 3
and 4). Therefore, we hypothesize that the infection with a
H pylori typeⅠstrain, car r ying a functional type Ⅳ
secretion system, might represent a higher risk factor to
induce chronic pancreatitis in gerbils as compared to a
cag-PAI negative strain (type Ⅱ strain). It will be important
www.wjgnet.com
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to verify and substantiate these initial data with more
animals of both groups and different time points of
analysis.
A reduction in the CFU of H pylori reisolates was
observed comparing infected animals that developed
transmural gastric inflammation and chronic pancreatitis
with both infected animal groups without pancreatitis
(Figure 2A). The reduced bacterial density in the antrum
of infected gerbils showing transmucosal inflammation
and pancreatitis might be related to the observation that
these animals developed severe gastric ulcers. It is well
known that H pylori colonizes areas of duodenal ulcer with
low density [23], or that a severe inflammatory response
might decrease the infection, which might explain the
lower numbers of bacteria.
H pylori infection is known to be a risk factor for
peptic ulcer disease[24], mucosa-associated-lymphoid tissue
lymphoma (MALT)[25], and gastric cancer[26]. A number of
studies have addressed the question whether H pylori plays
a role in the pathogenesis of chronic pancreatitis, but no
direct link has been established. The first epidemiological
study perfor med by Niemann et al [27] demonstrated
that H pylori infection contributes, but may not be the
only cause of duodenal ulcer in patients with chronic
pancreatitis. Their data showed a prevalence of IgG
antibodies against H pylori in 60% of patients with chronic
pancreatitis complicated by duodenal ulcer, compared to
86% in controls with simple duodenal ulcer. Another study
investigated the pathogenesis of duodenal ulcer in chronic
alcoholic pancreatitis patients[28] and found a significant
increase in the rate of H pylori infection in patients with
chronic alcoholic pancreatitis and duodenal ulcer as
compared to patients with chronic alcoholic pancreatitis
only (87% vs 54%, P = 0.02). These authors suggested
that H pylori infection seems to play a significant role in
duodenal ulcer disease associated with chronic alcoholic
pancreatitis.
There are several human case reports[19,20] that describe
a huge gastric ulcer penetrating into the pancreas inducing
pancreatic injury. Since we did not detect any H pyloriDNA in the pancreatic tissue of infected Mongolian
gerbils that would indicate a direct pancreas colonization
of H pylori, we postulate that H pylori induces pancreatitis
via an indirect pathogenetic mechanism. Our data support
an indirect pathway starting with a H pylori-associated
antral gastritis developing into a severe gastric ulcer. The
huge lesion of the gastric mucosa occurs together with
a severe transmural inflammation that penetrates then in
some cases into the adjacent lobe of the pancreas resulting
in a chronic pancreatitis with fibrous replacement of
pancreatic acini.
Several reports considered changes in gastric hormones
(increased gastrin and reduced somatostatin), N-nitroso
compounds produced by gastric bacteria that flourish in the
hypochlorhydric stomach, and the cagA-status of H pylori[2,29].
These reports are supported by our recent data, showing
that an infection with H pylori typeⅠstrain contributes
to severe inflammation in the antral and corpus mucosa
over time, leading to corpus-dominant atrophic gastritis[15].
Hypergastrinemia and hypochlorhydria are two typical
physiological changes of this process, representing possible
www.wjgnet.com
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risk factors for the development of pancreatic cancer.
Interestingly, H pylori infection has been described as a
risk factor for developing pancreatic cancer[29]. Pancreatic
cancer is among the most fatal cancers worldwide. In a first
published case-control study greater H pylori seropositivity
among 92 pancreatic cancer case subjects (65%) was
found than among 62 control subjects (45%), resulting in
the doubling of the risk for the H pylori-positive group[12].
Furthermore, a first prospective nested case-control
study covering a cohort of 29 133 male Finnish smokers
described a statistically significant relationship between
carriage of H pylori, especially cagA-positive (typeⅠ)
strains, and pancreatic cancer [30]. According to recent
evidence, chronic pancreatitis has been associated with
pancreatic cancer[31]. Therefore, pathologic consequences
of H pylori infection similar to those observed in gastric
tissue might also be postulated for the pancreas.
In conclusion, our data show for the first time that
an H pylori typeⅠstrain carries a certain potential to
induce chronic pancreatitis in the animal model by an
indirect mechanism. Whether H pylori-induced pancreatitis
progresses to pancreatic cancer remains to be seen and
will possibly require re-examining infected gerbils at
additional, earlier and later time points. Further studies will
be necessary to elucidate conclusively the mechanism of
H pylori-induced pancreatic diseases. A major challenge for
the future will be to clarify in appropriate human studies
whether the H pylori infection per se (without alcohol
abuse, smoking or other factors) represents already a risk
factor for the development of chronic pancreatitis or even
pancreatic cancer in man.
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INTRODUCTION
Abstract
AIM: To investigate differences in the effects of
biliary drainage procedures in patients with inoperable
Klatskin’s tumor based on Bismuth type, considering
endoscopic retrograde biliary drainage (ERBD), external
percutaneous transhepatic biliary drainage (EPTBD) and
internal biliary stenting via the PTBD tract (IPTBD).
METHODS: The initial success rate, cumulative
patency rate, and complication rate were compared
retrospectively, according to the Bismuth type and ERBD,
EPTBD, and IPTBD. Patency was defined as the duration
for adequate initial bile drainage or to the point of the
patient’s death associated with inadequate drainage.
RESULTS: One hundred thirty-four patients (93 men,
41 women; 21 Bismuth type Ⅱ, 47 Ⅲ, 66 Ⅳ; 34 ERBD,
66 EPTBD, 34 IPTBD) were recruited. There were
no differences in demographics among the groups.
Adequate initial relief of jaundice was achieved in 91%
of patients without a significant difference in the results
among different procedures or Bismuth types. The
cumulative patency rates for ERBD and IPTBD were
better than those for EPTBD with Bismuth type Ⅲ.
IPTBD provided an excellent response for Bismuth type
Ⅳ. However, there was no difference in the patency
rate among drainage procedures for Bismuth type Ⅱ.
Procedure-related cholangitis occurred less frequently
with EPTBD than with ERBD and IPTBD.
CONCLUSION: ERBD is recommended as the firstline drainage procedure for the palliation of jaundice in
patients with inoperable Klatskin’s tumor of Bismuth type
Ⅱ or Ⅲ, but IPTBD is the best option for Bismuth type Ⅳ.
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Primary cholangiocarcinoma is an uncommon malignancy
with a poor prognosis in the West [1-3] and Klatskin’s
tumor (Hilar cholangiocarcinoma) accounts for 15%-53%
of primary cholangiocarcinoma [4]. In Asia, however,
Klatskin’s tumor is a common cause of malignant biliary
obstruction[5]. Furthermore, the incidence and mortality
from cholangiocarcinoma are increasing worldwide [6,7].
Because of the absence of early symptoms, Klatskin’s
tumor is often diagnosed at an advanced stage, when
jaundice is the most important clinical symptom [2] .
Klatskin’s tumor is classified according to the type of
involvement with the hepatic ducts, as described by
Bismuth[8]. This classification is clinically important because
the resectability of tumors, and the methods of biliary
drainage, depends on Bismuth type. Complete resection of
the tumor, with negative resection margins, offers the best
possibility for long-term survival[2,9]. However, only 10% to
20% of patients are candidates for such curative resection.
The majority of patients, therefore, can only be offered
palliative drainage treatment[3,8].
Advances in interventional radiology and therapeutic
endoscopy have facilitated nonsurgical management for
patients with advanced types of the disease as well as those
with high operative risks[10-12]. Endoscopic
���������������������������
or percutaneous
drainage has therefore become established as effective
and relatively noninvasive alternatives for palliation of
jaundice[13].���������������������������������������������������
Currently, endoscopic retrograde biliary drainage
(ERBD), external
����������������������������������������������������
percutaneous
�������������������������������������������
transhepatic biliary drainage
(��������������������������������������
E�������������������������������������
PTBD), and internal biliary stenting via the PTBD tract
(��������������������������������������������������������
I�������������������������������������������������������
PTBD) are being used for the palliation of jaundice in
patients with unresectable Klatskin’s t���������������������
����������������������
umor. Although it is
expected that certain drainage procedures are more effective
for a given Bismuth type of����������
���������
Klatskin’s �����������������
t����������������
umor,�����������
����������
there has
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been no study comparing the effects of diverse drainage
methods based on the Bismuth type of Klatskin’s �������
t������
umor.
Only one study compared the complication rate associated
with ERBD and �����������������������������������
E����������������������������������
PTBD in a small number of patients[13].�
Therefore, we conducted a study to evaluate the efficacy
of the drainage procedures ERBD, E����������������
�����������������
PTBD, and ������
I�����
PTBD
based on the Bismuth type in patients with inoperable
Klatskin’s ������������������������������������������������
t�����������������������������������������������
umor. In addition, we determined whether stent
type or stent number (unilateral or bilateral) can affect the
patency of biliary drainage.

MATERIALS AND METHODS
Patients
The clinical records of patients with inoperable Klatskin’s
t����������������������������
umor, who were treated with ���������������������
ERBD, PTBD, or PTBDS
at Seoul National University Hospital from ��������
January�
199���������������������������������������������������
9��������������������������������������������������
to December
����������������������������������������������
2005,
�������������������������������������
were reviewed retrospectively.
Institutional review board approval was obtained for this
retrospective study.�������������������������������������
������������������������������������
We evaluated demographic variables,
clinical symptoms, and laboratory values, as well as
imaging with ultrasonography, computerized tomography,
magnetic resonance imaging, endoscopic retrograde
cholangiopancreatography (ERCP), and percutaneous
�������������
cholangiography. Follow-up and survival data were
obtained from the Korean Central Cancer Registry, as well
as direct telephone contact with patients or with relatives
if the patient had died or ���������������������������
had been�������������������
lost to follow-up
during the intervening period.
The diagnosis of malignancy as the etiology of
biliary obstruction was made by h�����������������������
������������������������
istologic or�����������
�������������
cytologic
examinations with �������������������������������
tissue sampl�������������������
es obtained �������
during ������
ERCP,
PTBD, or percutaneous needle biopsy��������������������
. ������������������
The patients with
hilar stenosis, due to metastatic tumor, gallbladder cancer,
liver cancer, or Klatskin’s ���������������������������
t��������������������������
umor for which radical or
palliative surgery had been done previously, were excluded
from this study. ����������������������������������������
B���������������������������������������
ilateral stents or tubes were inserted
if one stent could not drain more than 30% of the
volume of liver segment or jaundice has progressed just
immediately after
������������������������������
the unilateral drainage.
ERCP was performed with a therapeutic duodenoscopy
(TJF-240, JF-240, TJF-200, and JF-200; Olympus Optical
Co., Ltd, Tokyo, Japan). The 10-mm��������������������
�������������������������
�������������������
diameter uncovered
����������
self-expandable metallic stent (Wallstent ® ; Boston
Scientific, MA, USA), and 10-Fr polyethylene stent (MTW
Endoscopie, Wesel, Germany) were used for ERBD. For
E�������������������������������������������������������
PTBD, visualization of the biliary system was achieved
with a Chiba needle under radiologic control. A 5-Fr
puncture needle catheter was introduced into the biliary
system and a���������������������������������������������
n 8.5-Fr or 10-Fr����������������������������
external drainage catheter
(Ultrathane®; Cook Inc., Bloomington, USA) was inserted
percutaneously into an appropriate intrahepatic duct.�
The patients were allowed to maintain EPTBD if they
refused to undergo IPTBD. I����������������������
PTBD was performed as
a staged procedure. The endoprosthesis was inserted at
the second stage, a few days after the first percutaneous
transhepatic biliary drainage procedure. Endoprosthesis
used for PTBDS was a 10-mm diameter self-expandable
metal stent (Wallstent®; Boston Scientific, MA, USA or
Niti-S® Biliary Stent; Taewoong Medical Co. Ltd., Kyunggido, Korea)���������������������������������������������
. �������������������������������������������
An e���������������������������������������
ndoscopic approach was preferred as ���
an
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initial drainage procedure when experienced��������������
�������������������������
endoscopists
were available (two or three days per week) in our institute,
however, �����������������������������������������������
a percutaneous approach������������������������
w����������������������
as��������������������
performed in
���������
other
������
situation���������������������������������������������������
s��������������������������������������������������
. The
������������������������������������������������
procedure was explained to a����������������
ll patients and
informed������������������������������������������������
consent was obtained in all cases. A�����������
������������
ll authors
car���������
ried out this research in accordance with the Helsinki
Declaration.
Methods
The obstruction pattern of the bile duct was classified
according to Bismuth type [8] on
�����������������������
the basis of direct
cholangiography, magnetic resonance cholangiography
or m
����������������������������������������
ulti-detector row computed tomog raphic
cholangiography. Clinical data after the drainage procedure,
such as success rate of initial palliation of cholestasis,
duration of patency of adequate drainage, procedurerelated complications, such as cholangitis, pancreatitis,
bleeding, immediate mortality, and thirty-day mortality,
were compared among the groups that were stratified
according to the drainage procedures and Bismuth types.
The initial palliation of cholestasis was defined as
successful when the total bilirubin level decreased by
more than 30% in one week after the procedure, or �����
to a
near-normal level if
��������������������������������������
�����������������������������������
a later determination was available[14].
The duration of drainage patency was defined as the
time interval from the successful drainage procedure
either to the point of obstruction or migration of the
stent, or to when the tube needed to be replaced using
another interventional procedure, or to the point of
patient death due to cholangitis. Procedure-related
cholangitis was defined as new onset of fever (> 38.2℃)
and/or leukocytosis (WBC > 10 000/mm 3) with right
upper quadrant abdominal pain or tenderness. Pancreatitis
was diagnosed when serum amylase levels rose to more
than three
�����������������������������������������������
times������������������������������������
the normal limit (60-180 U/L) with
notable persistent abdominal pain for more than 24 h
after the procedure. Significant bleeding was defined as
a requirement for blood transfusions of more than 2
units or hemostatic procedures including surgery being
necessary after the drainage procedure. Procedurerelated mortality was defined as death directly related to a
complication just after the procedure or death within 30 d
after the procedure.
Statistical analysis
The variables in the treatment groups were compared,
assuming a 95% probability for rejection of the null
hypotheses. The Fisher exact test, Pearson’s chi-squared
test, and one way analysis of variance were used, when
appropriate, to calculate the statistical significance of
different demographic and clinical variables. Yates��
�������’�
correction for continuity would
�����������������������
not have removed
significance from any findings, so all P ���������������������
values are presented
uncorrected for the
���� Yates�����������������������������������
����������������������������������������
’����������������������������������
correction. The one
�����������������
way analysis
of variance������������������������������������������
was corrected����������������������������
by ������������������������
the Bonferroni’s
��������������������
method�
as a���������������������������������������������������
multiple
�������������������������������������������������
comparison test. The
�����������������������
cumulative patency
rate for each type of drainage procedure was calculated
with the Kaplan-Meier method�����������������������������
by using the log rank test��.�
To identify independent factors that can be associated
with drainage patency, variables such as type of drainage
procedure, stent type and stent number were included in
www.wjgnet.com
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1

Bismuth Ⅲ
47
67.5 ± 1.4
31:16
14.06 ± 1.27
12:23:12
43 (91.5%)
98 ± 12
65 (35-95)
12 (25.5%)

Bismuth Ⅳ
66
66.6 ± 1.3
46:20
12.69 ± 0.93
16:35:15
7 (88%)
113 ± 15
81 (55-107)
12 (18.2%)

P value
0.66
0.74
0.10
0.74
0.30
0.85
0.58

0 (0%)

2 (4.3%)

0 (0%)

0.15

1 (4.8%)

5 (10.6%)

6 (9.1%)

0.79

0

0

0

1.00

0 (0%)

1 (2.1 %)

1 (1.5%)

1.00

2

Values expressed as mean ± SE. Values expressed as median (range).

Table 2 Demographics and clinical outcome of patients
according to drainage procedure

Number of patients
Age (yr)1
Sex (M:F)
Bismuth type(Ⅱ:Ⅲ:Ⅳ)
Serum bilirubin (mg/L)1
Palliation of cholestasis
Patency (d)1
Patency (d)2
Procedure related
cholangitis
Procedure related
pancreatitis
Procedure related
bleeding
Procedure related
mortality
30-d mortality

ERBD
34
66.8 ± 2.9
23:11
6:12:16
9.62 ± 1.14
27 (79.4%)
120 ± 16
97 (67-127)
10 (29.4%)

PTBD
PTBDS
P value
66
34
67.2 ± 1.1
67.9 ± 1.8
0.91
46:20
24:10
0.97
8:23:35
7:12:15
0.81
14.89 ± 1.10 11.47 ± 1.09 < 0.01
62 (93.9%)
33 (97.1%)
0.03
59 ± 6
180 ± 20
< 0.01
49 (27-71) 167 (122-217)
8 (12.1%)
11 (32.4%)
0.03

1 (2.9%)

0 (0%)

1 (2.9%)

0.26

2 (5.9%)

5 (7.6%)

5 (14.7%)

0.50

0

0

0

1.00

0 (0%)

1 (2.1%)

1 (1.5%)

0.26

1

Values expressed as mean ± SE. 2Values expressed as median (range).

a multivariate analysis using the Cox regression analysis��.
Continuous variables were reported as mean ± standard
error. �����������������������������������������������������
The statistical analysis was performed with software
(SPSS 12.0K for windows; SPSS Korea, Seoul, Korea). A
P < 0.05 was considered statistically significant.

RESULTS
Between January��������������������������������������
���������������������������������������������
199����������������������������������
9���������������������������������
and�����������������������������
��������������������������������
December
����������������������������
�������������������
2005, 134 patients
(93 men, 41 women) underwent nonsurgical palliative
treatment for inoperable Klatskin’s t����������������
�����������������
umor, including
Bismuth types Ⅱ-Ⅳ. Twenty-one cases were Bismuth type
Ⅱ, 47 patients were Bismuth type Ⅲ, and 66 patients were
Bismuth type Ⅳ. Thirty-four patients were treated with
ERBD, 66 patients with �����������������������������
E����������������������������
PTBD, and 34 patients using
I������������������������������������������������������
PTBD. Adequate initial relief of jaundice was achieved
in 122 patients (91%) after the biliary drainage procedure.
www.wjgnet.com
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ERBD
EPTBD
IPTBD

80
Cumulative patency rate (%)

Bismuth Ⅱ
21
68.9 ± 2.4
16:5
9.55 ± 1.66
6:8:7
21 (100%)
103 ± 17
92 (32-152)
5 (23.8%)

Volume 13

100

Table 1 Demographics and clinical outcome of patients according
to Bismuth type

Number of patients
Age (yr)1
Sex (M:F)
Serum bilirubin (mg/dL)1
ERBD:EPTBD:IPTBD
Palliation of cholestasis
Patency (d)1
Patency (d)2
Procedure related
cholangitis
Procedure related
pancreatitis
Procedure related
bleeding
Procedure related
mortality
30-d mortality

August 7, 2007

60

40

20

0

0

100
200
300
Time after drainage procedure (d)

400

Figure 1 Kaplan-Meier estimation of cumulative patency rates of biliary drainage
according to the procedures in all Bismuth types (P = 0.02 for ERBD vs IPTBD,
P < 0.01 for ERBD vs EPTBD, P < 0.01 for IPTBD vs EPTBD). ERBD: endoscopic
retrograde biliary drainage; EPTBD: external percutaneous transhepatic biliary
drainage; IPTBD: internal biliary stenting via PTBD tract.

Two patients died due to cholangitis within 30 d of the
procedure.
Overall patients
When comparing clinical characteristics by Bismuth type,
there was no difference in age, sex, serum bilirubin level,
success rate of initial palliation of cholestasis, cumulative
patency rate of the drainage, and complications after
drainage procedures (Table 1). When we compared the
clinical characteristics of the patients for each drainage
method without further stratification according to Bismuth
type, there were no differences in age, sex and Bismuth
type (Table 2). However, the initial serum bilirubin level
in patients treated with E�����������������������������
������������������������������
PTBD was higher than that in
patients treated with ERBD or I������
�������
PTBD (P < 0.01).
After the drainage procedure, the success rate of initial
palliation for cholestasis was higher in either the ������
E�����
PTBD
(93.9%) or I�����������������������������������
������������������������������������
PTBD group (97.1%) compared to the ERBD
�����
group (79.4%) (P = 0.03) (Table 2). Figure 1�����������
������������
shows the
comparison of cumulative patency rates for each drainage
procedure. The mean duration of patency was longest
in I�����������������
������������������
PTBD followed by ���������
ERBD and E����������������
�����������������
PTBD, 180 ± 20��
����,
120 ± �������������������������������
16�����������������������������
, and 59 ± 6�����������������
������������������
d respectively (P = 0.02 for �����
I����
PTBD
vs ERBD, P < 0.01 for ERBD vs �������
E������
PTBD, P < 0.01 for
I�����
PTBD vs ������������������������������������������
E�����������������������������������������
PTBD) (Table 2). Cox regression analysis
showed that the type of drainage procedure, such as
ERBD (P < 0.01) and I������
�������
PTBD (P < 0.01), was significantly
associated with a longer patency. However, stent type or
stent number (bilateral or unilateral) did not affect the
patency rate (P = 0.74, P = 0.15, respectively). Procedurerelated cholangitis occurred more frequently in ERBD or
I�����������������
PTB��������������
D�������������
compared to �������
E������
PTBD (P = 0.03); however, it was
usually controlled with antibiotics. There was no difference
in other complication rates, such as bleeding, pancreatitis,
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Table 3 Comparison of demographics and clinical outcome of
patients according to number of stents
Unilateral
89
67.3 ± 1.0
63:26
12:30:47
27:48:14

Bilateral
45
67.2 ± 1.7
30:15
9:17:19
7:18:20

48:25:16
12.42 ± 0.90
80 (89.9%)
88 ± 9
68 (45-91)
17 (19.1%)
1 (1.1%)
6 (6.7%)
0
2 (2.3%)

18:23:04
13.22 ± 7.29
42 (93.3%)
136 ± 16
112 (35-189)
12 (26.7%)
1 (2.3%)
6 (13.3%)
0
0 (0%)

P value
0.95
0.77
0.44
< 0.01
0.03
0.59
0.73
0.01
0.43
0.61
0.34
1.00
0.79

1

Values expressed as mean ± SE. 2Values expressed as median (range).

100

80
Cumulative patency rate (%)

Number of patients
Age (yr)1
Sex (M:F)
Bismuth type (Ⅱ:Ⅲ:Ⅳ)
Drainage method
(ERBD:EPTBD:IPTBD)
Type of stent (EPTBD:Plastic:Metal)
Serum bilirubin (mg/dL) (mg/L)1
Palliation of cholestasis
Patency (d)1
Patency (d)2
Procedure related cholangitis
Procedure related pancreatitis
Procedure related bleeding
Procedure related mortality
30-d mortality

ERBD
EPTBD
IPTBD

60

40

20

0

0

100
200
Time after drainge procedure (d)

300

Figure 3 Kaplan-Meier estimation of cumulative patency rates for biliary drainage
according to the procedures in patients with Bismuth type Ⅱ Klatskin's tumor
(P > 0.05 between drainage procedures ). ERBD: endoscopic retrograde biliary
drainage; EPTBD: external percutaneous transhepatic biliary drainage; IPTBD:
internal biliary stenting via PTBD tract.

UD
BD

Cummualtive patency rate (%)

80

60

40

20

0

0

100

200
300
Time after drainage procedure (d)

400

Figure 2 Comparison of cumulative patency rates of biliary drainage according to
the number of stents (P = 0.01 between BD and UD). UD: unilateral drainage; BD:
bilateral drainage.

and procedure-related mortality in comparisons of
drainage procedures.
Bilateral drainage was performed in 45 patients (33.6%)
and unilateral drainage in 89 patients (66.4%). There was
a statistical difference in the number of inserted stents by
the types of drainage procedures used (ERBD; 1.���������
2±
�������
0.���
1��,
E��������������������������������������
PTBD; 1.������������������������������
3 ����������������������������
± 0.������������������������
1�����������������������
and I�����������������
������������������
PTBD; 1.���������
6 �������
± 0.���
1��, P < 0.01).
Table 3 shows the clinical characteristics and the results
comparing unilateral and bilateral drainage. There was
no difference in age, sex, Bismuth type, type of stent,
serum bilirubin level, success rate of initial palliation of
cholestasis, and complication rate between the two groups.
However, the ����������������������������������������
I���������������������������������������
PTBD group received bilateral drainage
procedures more frequently than the ERBD or ������
E�����
PTBD

group. The mean duration of patency, regardless of stent
type, was longer in patients with bilateral drainage than in
patients with unilateral drainage (136 ± �����
16���
d vs 88 ± 9����
�����
d,�
P = 0.01) (Table 3, Figure 2). However, Cox regression
analysis did not show that the number of stents was an
independent factor affecting the patency of the stent
(P = 0.74). When duration of drainage patency was
compared, between bilateral ERBD and bilateral I������
�������
PTBD,
there was no statistical difference in their mean patency
duration between the two groups (110 ± 26
�����
��d vs 184 ± 24�
���
d, respectively, P = 0.35).
A metal stent rather than a plastic stent was used more
frequently in the I���������������������������
����������������������������
PTBD group compared to the �����
ERBD
group. A metal stent was inserted in all patients treated
with ���������������������������������������������������
I��������������������������������������������������
PTBD; however,������������������������������������
it
�����������������������������������
was used in 15 patients (44.1%)
out of 34 patients treated with ERBD. The mean duration
of drainage patency was longer in the metal stent group
(16�����������������������������������������������������������
8����������������������������������������������������������
± �������������������������������������������������������
16 ����������������������������������������������������
d) compared to the plastic stent group (109 ± 26����
������
d)
(P = 0.02). When the mean duration of patency of the
metal stent was compared in the ERBD and I������
�������
PTBD,
there was no statistical difference between the two groups
(14��������
5±
������
����
24 �d vs 1�������������������������
80 ����������������������
± 20������������������
��������������������
d, respectively, P = 0.����
28��).
Bismuth type Ⅱ
In 2�����������������������������
1����������������������������
patients with Bismuth type Ⅱ, 6 patients underwent
ERBD, 8 patients underwent E��������������������
���������������������
PTBD and 7 patients
underwent I������������������������������������������
�������������������������������������������
PTBD. There was no difference in age, sex
or serum bilirubin levels among the types of drainage
procedures. The success rate of initial palliation for
cholestasis, cumulative patency rate of drainage (Figure 3),
and complication rate after the procedure were not
different based on the type of procedure. Cox regression
analysis also showed that the type of drainage procedure
(�����
E����
PTBD vs ERBD P = 0.54, E�����
������
PTBD vs ������
I�����
PTBD P = 0.66),
www.wjgnet.com
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EPTBD
23
67.0 ± 2.1
15:8
1.1 ± 0.1
16.91 ± 2.14
22 (95.7%)
53 ± 8
47 (7-87)
2 (8.7%)

IPTBD
P value
12
68.7 ± 2.5
0.89
9:3
0.67
1.7 ± 0.1
< 0.01
11.13 ± 1.81
0.07
12 (100%)
0.12
133 ± 21
< 0.01
145 (142-148)
5 (41.7%)
0.03

0 (0 %)

1 (8.3%)

0.26

2 (8.7%)

3 (25%)

0.14

0

0

1.00

0 (0%)

0 (0%)

0.51
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Table 5 Comparison of demographics and clinical outcome
according to drainage method in Bismuth type Ⅳ patients

Table 4 Comparison of clinical characteristics and clinical
outcome according to drainage method in Bismuth type Ⅲ
patients
ERBD
Number of patients
12
Age (yr)1
67.4 ± 3.1
Sex (M:F)
7:5
Stent number1
1.1 ± 0.1
Serum bilirubin (mg/dL)1 10.72 ± 1.81
Palliation of cholestasis
9 (75%)
Patency (d)1
188 ± 47
Patency (d)2
163 (20-306)
Procedure related
5 (41.7%)
cholangitis
Procedure related
1 (8.3%)
pancreatitis
Procedure related
0 (0%)
bleeding
Procedure related
0
mortality
30-d mortality
1 (8.3%)

August 7, 2007

Number of patients
Age (yr)1
Sex (M:F)
Stent number1
Serum bilirubin (mg/dL)1
Palliation of cholestasis
Patency (d)1
Patency (d)2
Procedure related
cholangitis
Procedure related
pancreatitis
Procedure related
bleeding
Procedure related
mortality
30-d mortality

ERBD
16
64.6 ± 3.6
12:4
1.1 ± 0.1
10.46 ± 1.75
12 (75%)
102 ± 19
90 (69-111)
3 (18.8%)

EPTBD
35
67.1 ± 1.5
24:11
1.1 ± 0.4
13.99 ± 1.32
32 (93.4%)
60 ± 9
43 (21-65)
4 (11.4%)

IPTBD
P value
15
67.6 ± 2.5
0.68
10:5
0.88
1.6 ± 0.6
0.01
12.08 ± 1.86
0.29
14 (93.3%)
0.28
251 ± 36
< 0.01
280 (171-389)
5 (33.3%)
0.16

0 (0%)

0 (0%)

0 (0%)

1.00

1 (6.3%)

3 (8.6%)

2 (13.3%)

0.55

0

0

0

1.00

0 (0%)

0 (0%)

1 (1.5%)

0.23

1
1

Values expressed as mean ± SE. 2Values expressed as median (range).

Values expressed as mean ± SE. 2Values expressed as median (range).

methods. ERBD and I�����������������������������
������������������������������
PTBD showed superior patency
rates compared to ���������������������������������
E��������������������������������
PTBD (mean duration of patency;
188 ± 47���������������������������������������
�����������������������������������������
, 133 ± 21�����������������������������
�������������������������������
, and 53 ± ������������������
8�����������������
d respectively, P < 0.01).
The cumulative patency rate for drainage in comparisons
among procedures is shown in Figure 4. Procedurerelated cholangitis occurred more frequently in patients
who were treated with ERBD or I�����������������
������������������
PTBD rather than
with ������������
E�����������
PTBD only (P = 0.0�����������������������������
4����������������������������
) (Table 4). Cox regression
analysis also showed that the type of drainage procedure
was significantly associated with the duration of patency
(ERBD P = 0.01 and I�����
������
PTBD P < 0.01). However, there
was no significant association with stent type (P = 0.60) or
stent number (P = 0.07).

100
ERBD
EPTBD
IPTBD

Cummualtive patency rate (%)

80

60

40

20

0

0

50

100
150
200
250
Time after drainge procedure (d)

300

Figure 4 Comparison of cumulative patency rates for biliary drainage according
to the procedures in patients with Bismuth type Ⅲ (P = 0.23 for ERBD vs IPTBD;
P < 0.01 for ERBD vs EPTBD; P < 0.01 for IPTBD vs EPTBD). ERBD: endoscopic
retrograde biliary drainage; EPTBD: external percutaneous transhepatic biliary
drainage; IPTBD: internal biliary stenting via PTBD tract.

stent type (P = 0.95) or stent number (P = 0.17) were not
related to patency duration in Bismuth type Ⅱ.
Bismuth type Ⅲ
In 47 patients with Bismuth type Ⅲ , ERBD was
performed in 12 patients, E������������������������
�������������������������
PTBD in 23 patients and
I�������������������������������������������������������
PTBD in 12 patients. The parameters age, sex and serum
bilirubin level were not different for different types of
procedure. The initial success rate was comparable among
all procedures (Table 4). However, the cumulative patency
rate of drainage was different among the treatment
www.wjgnet.com

Bismuth type Ⅳ
There were 66 patients in the Bismuth type Ⅳ group.
Sixteen patients were treated with ERBD, 35 patients with
E��������������������������������������������������
PTBD, and 15 patients with �����������������������
I����������������������
PTBD. Demographic and
clinical characteristics were not different among groups
classified by drainage procedures (Table 5). The initial
success rate for the procedure or the procedure-related
complication rate was not different for different types of
procedure (Table 5). The patency rate for drainage was
superior in the PTBDS group compared to the ERBD and
PTBD groups (Figure 5). The mean duration of patency
in patients treated with PTBDS, ERBD, and PTBD was
251 ± ������������������������������������������
36����������������������������������������
, 102 ± 19������������������������������
��������������������������������
, and 60 ± �������������������
9������������������
d, respectively (P < 0.01).
Multivariate analysis also revealed that the type of drainage
procedure, such as PTBDS, was significantly related to
a longer patency (P < 0.01)������������������
, but ������������
stent type (P = 0.55) or
number (P = 0.68) was not associated with the duration of
patency.

DISCUSSION
Successful biliar y drainage after endoscopic stent
insertion[15] or percutaneous transhepatic endoprostheses[16]
can provide useful palliation of jaundice in patients
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Figure 5 Cumulative patency rates for biliary drainage according to the
procedures in patients with Bismuth type Ⅳ (P < 0.01 for ERBD vs IPTBD;
P = 0.06 for ERBD vs EPTBD; P < 0.01 for IPTBD vs EPTBD). ERBD: endoscopic
retrograde biliary drainage; EPTBD: external percutaneous transhepatic biliary
drainage; IPTBD: internal biliary stenting via PTBD tract.

with unresectable Klatskin’s �����������������������
t����������������������
umor, and can improve
the quality of life for these patients[17].������������������
Currently, there
is no consensus regarding the best method for jaundice
palliation in patients with unresectable Klatskin’s ����������
t���������
umor. In
many centers, endoscopic stenting is considered as the first
line of therapy for these patients because it is less invasive
compared to the percutaneous approach. However,
some have sug gested that patients with Klatskin’s
t���������������������������������������������������
umor are best treated by percutaneous placement of
metallic stents[18]. This is because the endoscopic approach
can cause cholangitis, and selective endoscopic stenting
into the appropriate bile duct is technically difficult[19].�������
It is
assumed that the relatively low level of biliary obstruction
in patients with Klatskin’s t��������������������
���������������������
umor of Bismuth typeⅠor Ⅱ,
can be easily managed by endoscopic stenting. However��,�
the percutaneous approach is more appropriate for
patients with a higher level of obstruction; i.e., Bismuth
type Ⅲ or Ⅳ. ERCP can cause more frequent cholangitis
due to an undrained biliary segment after dye injection.
Therefore, the most effective methods of palliative biliary
drainage may differ according to the type or level of biliary
obstruction in patients with unresectable Klatskin’s �������
t������
umor.
However, there have been no studies investigating this
issue to date.
In this study, the initial success rate for palliation of
cholestasis in the ERBD group compared with the PTBD or
PTBDS group was the same for Bismuth type Ⅱ; however,
it was lower for Bismuth type Ⅲ or IV. This result might be
explained by the difficulty of selective endoscopic stenting
in patients with Bismuth type Ⅲ or Ⅳ Klatskin’s �����
t����
umor.
Procedure-related cholangitis occurred more frequently
after ERBD or PTBDS compared to PTBD in patients with
Bismuth type Ⅲ and Ⅳ. During stent insertion in these

patients, cholangitis tends to occur when contrast dye is
injected into the peripheral hepatic ducts, which can not be
successfully drained subsequently[20].������������������������
However, the infection
was successfully controlled with antibiotics in this study.
The current study showed a similar rate of cholangitis in
the ERBD and PTBDS groups and a different retrospective
review of 59 patients with unresectable Klatskin’s ������
t�����
umor
showed that endoscopically placed stents caused fewer acute
complications than percutaneously placed stents (11% vs
33%)[13].�
In this study, adequate initial relief of jaundice
was achieved in 91% of the patients. The success rate
of palliation for cholestasis with ERBD or use of a
percutaneous metal stent has been previously reported to
be 41%-88%[10,11,14,20-25] and 61%-100%[26-29], respectively��
��������������,�
Our findings are consistent with these prior studies; i.e.,
79.4% in ERBD and 97.1% in ����������������������
I���������������������
PTBD. However, there
is no prior report on comparisons of success rates with
ERBD and ����������������������������������������������
I���������������������������������������������
PTBD from the same center; this is the first
study on the efficacy of ERBD, E����������������
�����������
PTBD, and ������
I�����
PTBD.
After the initial intervention for biliary drainage, the
duration of patency of ERBD was comparable to I�����
������
PTBD
in Bismuth type Ⅱ and Ⅲ, but was not as good as PTBDS
in Bismuth type Ⅳ. Selective stenting into the most optimal
bile duct during ERBD is not difficult for patients with
Bismuth type Ⅱ and Ⅲ; however, it is difficult in Bismuth
type Ⅳ. The difference of bile duct accessibility, according
to the level of biliary obstruction in ERBD and I������
�������
PTBD,
may contribute to the difference in long-term patency
results.��
The patency rate in I���������������������
����������������������
PTBD in �������������
Bismuth������
type Ⅳ was
much longer than for type Ⅱ or Ⅲ,�������������������������
likely
������������������������
due to bilateral
����������
metal stents being
����������������������������������
mainly
����������������������������
used in Bismuth type Ⅳ.
Although the E���������������������������������
����������������������������������
PTBD group showed a high initial
success rate, and a low infection rate ����������������������
because ��������������
there were����
no
further interventional procedures ���������������������������
in this study, the quality
of life with an E����������������������������������������
�����������������������������������������
PTBD tube was not satisfactory compared
to the ERBD or I�������������������������������
��������������������������������
PTBD. Moreover, the cumulative
patency rate of the E�������������������������������
��������������������������������
PTBD was the shortest compared
to ERBD or ����������������������������������
I���������������������������������
PTBD, especially in Bismuth type Ⅲ or Ⅳ
of unresectable Klatskin’s t����
�����
umor. This result might be due
to the relatively small caliber of the E���������������
����������������
PTBD tube, and
accidental removal of an ������������������������������
E�����������������������������
PTBD tube
������������������������
as
�������������������
a result of the
difficulty of tube care. In 62 patients treated with �������
E������
PTBD,
19 patients (30.6%) required an additional drainage
procedure within 30 d due to the retracted E�����������
������������
PTBD tube.
Therefore, for a biliary drainage procedure, ������
E�����
PTBD
without ���������������������������������������������������
internal stent
������������������������������������������
insertion should be considered when
patient survival is limited.
I���������������������������������������������������
PTBD showed the best result in duration of patency
in patients overall�����������������������������������
. This excellent result for I������
�������
PTBD,
especially�����������������
in Bismuth
�������������
type Ⅳ ,���������������������
��������������������
may be explained by
relatively easy access for optimal bile duct drainage, and
by the use of a large diameter metal stent. Therefore,
whenever possible, internal stent insertion through the
PTBD tract is recommended after the initial PTBD
procedure.
It is generally accepted that a metal stent is better than
a plastic stent in patency. Therefore, metal stenting is
recommended if long
��������������������������������������
survival
���������������������������������
is expected. Though the
mean duration of drainage patency tended to be longer for
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the metal stent (16����������������������������������������
8���������������������������������������
± ������������������������������������
16����������������������������������
d) compared to the plastic stent
(109 ± ����������������������������������������������������
26��������������������������������������������������
d) in this study, multivariate analysis revealed
that stent type was not an important factor for patency.
The mean duration for metal stent patency of ERBD has
been reported to range from 103 to 169 d and that for the
I������������������������
PTBD from 126 d to 365 d[11,20,22,23].�������������������
However, no prior
study has compared the patency of metal stents based
on their insertion method. When metal stent patency was
compared according to insertion method in this series,
there was no difference observed between ERBD and
I�����������������������������������������������
PTBD (14���������������������������������������
5±
�������������������������������������
24���������������������������������
�����������������������������������
d and 1�������������������������
80 ±
����������������������
20������������������
��������������������
d, respectively).
There has been debate on whether bilateral drainage
is better than unilateral drainage in unresectable Klatskin’s
t���������������������������������������������������������
umor. One study showed that drainage of 25% of the liver
volume can achieve adequate palliation with improvement
in biochemical parameters, biliary decompression, and
relief of symptoms with improved quality of life[30].��������
Others
have shown that more than one endoprosthesis would not
appear to be justified as a routine procedure in patients
with malignant hilar biliary obstruction[31].���������������
Therefore, it
has been argued that any duct that is technically easiest
for drainage, should be selected for stenting[11].����������
However,
another study showed that for the cumulative patency rate,
bilateral drainage was superior to unilateral drainage in
Bismuth type Ⅳ obstruction[26].����������������������������
The best survival has been
reported for patients with bilateral drainage and the worst
survival for patients with cholangiographic opacification
of both lobes after drainage of only one lobe[20].����������
However,
an advantage for bilateral drainage in survival has not been
confirmed in prospective studies to date. In the current
study univariate analysis revealed that patency of bilateral
stents persists longer than patency of unilateral stents
(136± 16��
����d vs 88 ± �������������������������������������
9������������������������������������
d), however, multivariate analysis
showed that stent number was not associated with the
overall patency rate.
Our study has some limitations. It is a non-randomized,
retrospective study without pre-defined follow-up
protocol. However, since e�������������������������
ach treatment method for
biliary drainage was chosen according to �������������
availability
of experienced���������������������������������������
��������������������������������������������������
endoscopists��������������������������
,�������������������������
������������������������
regardless of patient’s
characteristics������������������������������������������
, randomization was achieved to a certain
degree.
In summary, for the palliation of jaundice in patients
with unresectable Klatskin’s t������������������������������
�������������������������������
umor, the biliary obstruction
pattern, such as Bismuth type, should be considered
before selection of an optimal drainage method. ERBD
is recommended as the first-line drainage procedure in
Bismuth type Ⅱ or Ⅲ, considering its efficacy and relative
noninvasiveness. However, internal stent insertion through
the PTBD tract is the best option for Bismuth type Ⅳ.
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Abstract
AIM: To explore a method for quantitative assessment
of hepatic functional reserve by combining computed
tomography (CT) volumetry with CT grading of
liver cirrhosis before liver resection in patients with
hepatocellular carcinoma.
METHODS: CT images of 55 patients undergoing liver
resection were studied prospectively. The degree of liver
cirrhosis was referred as "CT grade" and the percentage
of remnant liver volume (PRLV) [PRLV = predicted
RLV/predicted total liver volume (PTLV) × 100%;
PTLV (mL) = 121.75 + 16.49 × body mass (kg)] were
calculated by adding slice by slice of CT liver images.
The postoperative RLV, pathologic stages of liver fibrosis
in non-tumor area and survival time in these cases were
analyzed.
RESULTS: There was a significant difference in survival
time between the group with PRLV ≤ 50% and the
group with PRLV > 50% (χ2 = 4.988, P = 0.026), and
between the group with CT grade 0/1 and the group with
CT grade 2/3 (χ2 = 5.429, P = 0.026). With combination
of the both parameters, an oblique line was identified
according to the distribution of 32 survivors versus 23
deceased subjects. The mortality rate above the line was
7.1% (1/14), and that below the line was 53.7% (22/41),
indicating a significant difference between the two rates
(χ2 = 9.281, P = 0.002, P < 0.05).
CONCLUSION: PRLV and CT grades are significantly
correlated with hepatic functional reserve. The predicted
line using these two parameters is useful in candidates
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undergoing liver resection for judging hepatic functional
reserve.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Liver failure after liver resection is one of the major
limitations in surgical therapy of liver cancer[1-3]. It has been
generally believed that correct preoperative assessment
of the risk of postoperative liver failure is essential in the
determination of appropriate surgical procedures. Because
impaired liver function after resection and transplantation is
caused by insufficient liver volume, the reliable volumetric
assessment of the hepatic segments of potential living
donors is a critical element in preoperative evaluation[2,4].
Traditional methods for estimation of hepatic
functional reserve, such as biochemical examinations of
liver function and Child-Pugh classification[5], have been
shown to be limited in clinical practice[1]. For example,
the liver failure occasionally happened in postoperative
patients with Child-Pugh class A, B or C. Thus, it is
important to explore more rational strategies for estimating
hepatic functional reserve in preoperative patients with
hepatocellular carcinoma (HCC). Recently, imaging
2,���
1��
3�]
techniques, such as CT[6-8], ultrasound[9-1��1�], SPECT[1�����
,
[1�����
4,���
1��
5�]
MRI
, etc., have been used to estimate the liver volume.
Data derived from these techniques have demonstrated
that hepatic functional reserve is significantly correlated
with liver volume. Vanthey et al[6] measured the liver volume
using spiral CT and found that postoperative patients
had an increased rate of serious complications when the
remaining liver volume was less than 25%. In our previous
studies, we found that, based-on CT image informations,
liver cirrhosis can be divided into 4 grades, and the grades
were significantly correlated to the prognosis as well.
Thus, in this study, we aimed to combine this grading
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system with liver volumetric analysis to explore a further
reliable method for prediction of the postoperative hepatic
functional reserve before liver resection.
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MATERIALS AND METHODS
Patients
Fifty-five patients (51 men and 4 women; mean age, 48.2
years; range 26-73 years) with HCC were prospectively
studied from March 2001 to October 2005. According
to the TNM classification[1��6�], 3 were classified as stage
Ⅱ, 12 as stage Ⅲ and 40 as stage Ⅳa. All patients were
histopathologically diagnosed as HCC. Histopathological
data of 55 cases revealed chronic hepatitis and liver fibrosis
in peri-tumor liver tissues. Eleven of 55 had liver cirrhosis
(stage Ⅳ of liver fibrosis[1��7�]) at the compensatory stage
of liver function. According to the criteria of Child-Pugh
classification[5], 46 patients had Child-Pugh class A and 9 had
Child-Pugh class B. Hepatitis B surface antigen (HbsAg)
was positive in 49.1% (27/55) of the patients. With regard
to the surgical data, the average diameter of tumors in the
patients was 8.5 cm. The average resected liver volume was
630 mL. The average duration of follow-up in all patients
was 236.8 d.
Measurement of the liver volume
Preoperative measurements of the liver volume were
performed on dual-phase contrasted CT images using
Shimadzu 7000 TX and Somatom Plus 4 CT scanners.
The slice thickness was 10 mm and interval was 10 mm.
Each slice was traced with a cursor and the liver volume
(mL) was calculated by simply adding the area of each slice
using a calculator. The whole liver volume and predicted
remnant liver volumes (RLV) were measured according to
CT imaging and surgically resected specimens. RLV was be
confirmed to actual RLV after resection. The percentage of
RLV (PRLV) was calculated using the following formula:
PRLV = RLV/predicted total liver volume × 100%; RLV
= Total liver tumor - (tumor volume + peri-tumor volume);
the predicted total liver volume (mL) = 121.75 + 16.49 ×
body mass������������������������������������������������
(����������������������������������������������
kg). This
�����������������������������������������
formula was resulted from regression
according to the relations between liver volumes and body
weight in 50 cases of normal Chinese. For example, if a
patient body is 50 kg and his RLV is 500 mL, his predicted
total liver volume will be 946.25 mL and his PRLV will be
52.9%.
Grading of liver cirrhosis
The degree of liver cirrhosis of non-tumor area was
divided into 4 grades on CT images. The higher grades
represent more serious liver cirrhosis: Grade Ⅰ shows
the most favorable condition, and is characterized by
equal density, normal or lightly distorted shape, moderate
size of the spleen [spleen index ≤ 300; spleen index =
thickness of the spleen (cm) × diameter fore and aft (cm)
× spleen up and down (cm)], and no any sign of portal vein
hypertension (Figure 1A). Grade Ⅱ shows the declining
condition, and is characterized by unequal density, seriously
distorted shape with some atrophy, especially in the liver
section 4, and enlargement of the spleen (liver fissure

Figure 1 Grading of liver cirrhosis. A: Equal density, normal shape, spleen index
250, and no any sign of portal vein hypertension; B: Unequal density, distorted
shape with section 4 atrophy, liver fissure 1.5 cm and spleen index 360; C:
Regenerating nodules density, badly trimmed contour, spleen index 620 with mild
ascites, 1 cm in depth; D: More numerous regeneration nodules, indented contour,
obviously atrophied volume, serious ascites, 2.2 cm in depth.

, ����������������
or 2-3 signs of
≤ 1.5 cm, spleen index = 300-600������������������
portal vein hypertension) (Figure 1B). Grade Ⅲ shows

the worsening liver, and is characterized by regenerating
�������������
nodules�������������������������������������������������
, badly trimmed contour, and seriously atrophied
volume (fissure > 1.5 cm, spleen index > 600, and 3-4
signs of portal vein hypertension with mild ascites, smaller
than 2 cm in depth) (Figure 1C). Grade Ⅳ shows the worst
condition, and is characterized by the signs worsened than
in Grade Ⅲ, more
���������������������������������������������
numerous regeneration nodules�����������
, indented
contour, and obviously atrophied volume [fissure > 2 cm,
over 4 signs of portal vein hypertension with serious ascites,
bigger than 2 cm in depth) Figure 1D]. The gradings were
identified in a double-blind manner.
Surgical procedures
The surgical procedures were selected mainly according to
the CT images of the tumor, Child-Pugh classification and
liver function test. The RLV was to follow surgical routine
procedures. All the liver specimens from the tumor margin
were sent to a senior pathologist for histopathological
confirmation. The pathological staging of liver fibrosis was
according to the methods of the National Virus Hepatitis
Prevention and Therapy Congress in 1995 (S0����
-���
S4)[1��7�]. The
pathologic characteristics of each specimen were recorded.
After surgery, all patients were monitored at the inpatient
or outpatient hospital. Liver function tests were performed
after surgery and followed by a monthly checkup. Imaging
studies, including ultrasound and CT, were performed every
3 to 4 mo.
Statistical analysis
Data were studied by using correlation coefficient, Student’s
t-test, Chi-square test and survival analysis when appropriate.
Data w���������������������������������������������
ere������������������������������������������
analyzed with SAS software (Version 8.2)
by Statistical Department of Tongji Medical College of
Huazhong University of Science and Technology.
www.wjgnet.com
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Survivors
Nonsurvivors t
P
(n = 32)
(n = 25)
Intraoperative blood loss (mL) 493.6 ± 160.9 516.5 ± 269.3 -0.16 0.8735
Intermittent hepatic inflow
15.4 ± 4.2
15.9 ± 3.3
-0.17 0.863
occlusion (min)
RLV (mL)
669.7 ± 76.6 512.1 ± 82.8
2.83 0.0066a
P RLV (%)
62.0 ± 8.0
46.0 ± 9.0
2.94 0.0049a
Percentage of resected liver (%) 57.0 ± 7.0
50.0 ± 8.0
1.29 0.2031
Criterion

Survivoi function

PRLV > 50%

0.75

0.50
0.25

100

200

t /d

Ct grade = 1
Ct grade = 2

0.25
0.00

0

100

200
volume = 1
volume = 2

t /d

300

400

500

Censored volume = 1
Censored volume = 2

Total
32
25
57

0.75

0.00
0

PRLV ≤ 50%

Grade 2 + 3
16
20
36

1.00

Survivoi function

P < 0.05.

Grade 0 + 1
16
5
21

Survivors
Nonsurvivors
Total

a

0.50

Number 29

Table 2 CT grades of cirrhosis in the two groups (n )

Table 1 Some criteria between the survivors and nonsurvivors

1.00

Volume 13

300

400

500

Censored Ct grade = 1
Censored Ct grade = 2

Figure 3 Survival time of two groups based on CT grades. CT grade 1: Group of
CT grade 0 and 1; CT grade 2: Group of CT grade 2 and 3. P < 0.05 between the
two groups.

Figure 2 Survival time of two groups based on PRLV. PRLV > 50 (volume = 2)
and ≤ 50% (volume = 1); P < 0.05 between the two groups.

non-tumorous liver tissue (S1������������������������������
-�����������������������������
S4). Moreover, a significant
correlation (r = 0.8, P < 0.0001) between CT grades and
Child-Pugh classification was observed.

RESULTS

Follow-up results
Of 55 cases, 32 survived and 23 deceased. The relationship
between patients’ outcome and their PRLV with CT grades
are shown in Figure 4. An oblique line was identified
according to the distribution of 32 survivors versus 23
deceased subjects, which can be used as the predicted
line of liver functional reserve before liver resection. The
mortality rate above the line (Figure 4) was 7.1����������
% (�������
1/14),
and that below the line was 53.7������������������������
% (���������������������
22/41), indicating a
significant difference between the two rates (χ2 = �������
9.281,
P = 0.002,�
������� P < 0.05). A logistic regression was followed.
The distribution of the predicted probability of survival
in different PRLV with different CT grades is shown in
Figure 5, which shows that higher the CT grade and lower
the PRLV, higher the predicted probability of death.

Table 1 shows the intraoperative characteristics of
survivors and nonsurvivors resulted from liver failure. The
LRV and PLRV of the patients were significantly higher
in the survivors than in the nonsurvivors (P < 0.05), while
other parameters were not significantly different between
the two groups.
Using PRLV to predict hepatic functional reserve, the
patients were assigned into two groups: PRLV > 50%
(n = 27) and PRLV ≤ 50% (n = 28). The survival times
were analyzed using Kaplan-Meier methods. Figure 2
represents the survival curves for the two groups. The
difference between the two survival probabilities was
statistically significant at the level of α = 0.05 using logrank test (χ2 = �������
4.988, P = ������
0.026, P < 0.05). Dividing these
55 cases into two groups ���������������������������������
of�������������������������������
> 50% rate of resecti���������
on�������
liver
volume������
s and ≤ 50%����������������������������������������
rate of them���������������������������
, there was no significant
difference between
����������������������������������������������
the two groups in
�����������������������
survival rate using
the log-rank test (P = 0.9015).
Grades of liver cirrhosis based on CT images in the
survivors and nonsurvivors��������������������������������
��������������������������������������������
are compared in Table 2. After
merging CT grade 0 with grade 1 and CT grade 2 with
grade 3, the mortality rate of the patients with CT grade 0
and 1 was significantly lower than those with grade 2 and
3 (Fisher’s exact test, χ2 = �������
5.429, P = ������
0.026, P < 0.05). The
survival time of the former was significantly longer than
the latter (Figure 3).
Pathologic staging
A positive correlation (r = 0.77, P < 0.0001) was found
between CT grades and pathologic fibrosis stages of the
www.wjgnet.com

DISCUSSION
Hepatic functional reserve is highly related to the quantity
and quality of liver cells. Liver volume and shape may
8,���
19�]
reflect the condition[1�����
. It is valuable and important to get
the accurate assessment of functional reserve of remaining
liver prior to hepatectomy. Many researchers have reported
that the larger the resected liver volume, the greater the
risk of liver failure. However, if the resected liver volume
is smaller, the risk of tumor recurrence becomes higher.
This problem is paradoxical by nature. It is very difficult
to accurately estimate the remnant liver volume using the
ratio of liver section because the range of variation is very
large under different conditions[2��0�]. Estimating resection
volume during surgery is also very difficult, particularly
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Figure 4 Distribution of survivors and nonsurvivors in the different CT grades with
the different PRLV.

with respect to the appearance of the diseased liver.
CT images not only directly show the status of tumor,
but also allow measurements of non-tumor areas and
subsequent calculation of RLV. We found the error rate
of the measurement of CT liver volume was only 2.6%, so
it is a highly reproducible technique. The mortality in this
study was higher than that reported by others, because of
the larger tumors and the late clinical stages (40 with stage
IVa, 72.7%), as well as the larger resection volumes (PRLV
< 50% was 50.9%).
At present, there exists disagreement as to what
percentages of the remnant hepatic volume is safe for liver
resection. Previous reports had focused mainly on resected
liver volume or the ratio of resected liver volume (resected
18����
,2��
1�]
liver volume/total liver volume)[7,������
. The disadvantages
of those methods were that they did not take into account
the liver volumes of the patients and their whole body
condition, such as body weight, and the functional reserve
of the remnant liver. Liver volume is actually related
2����
,2��
3�]
to body weight[2�����
. Therefore, our study was designed
to explore a quantitative method for the evaluation of
hepatic functional reserve by combining CT volumetry
with morphometry in different conditions of the patients.
We found that there were no obvious differences in the
percentage of resected liver volume, but there was a
significant difference in PRLV between the survivors and
the nonsurvivors, thereby suggesting that PRLV is more
valuable than the percentage of resected liver volume.
What is the valuable range of RLV for estimating the
hepatic functional reserve? How many PRLV is safe in
different degrees of liver cirrhosis? PRLV is an important
factor that affects patients’ survival rate. However, there
are some disadvantages of this criterion. Firstly, the
time of follow-up was not the same. Secondly, TNM
classification of the tumors was not the same in the
nonsurvivors versus the survivors. Therefore, PRLV may
not completely explain the difference in these two survival
rates. Because survival analysis includes information
about time and outcome, as well as data about the mean
terminal time of follow-up, which is especially suitable for
the analysis of mixed factors or situations where the time
of observation is too long to be controlled. As shown
in Figure 2, 50% of PRLV may be a safe threshold line

0.0
0.2

0.4

0.6
0.8
PRLV (%)

1.0

1.2

Figure 5 Distribution of the predicted probability of survival in different PRLV (%)
with different CT grades.

for liver resection. However, the major disadvantage of
Figure 2 is that it cannot reflect the hepatic functional
reserve in different grades of liver cirrhosis. Therefore,
the application of the 50% of PRLV as a safe threshold
for surgical resection may not be reliable enough and the
difference in mortality within 200 d may not be enough to
reflect the liver function in the different grades of cirrhosis.
It has been observed in clinical studies that resection of
even small tumors could lead to liver failure[2��4�], while the
resection of large tumors could have a longer survival
time[2��5�]. This suggests that PRLV should not be the same in
different grades of liver cirrhosis. Therefore, it is necessary
to evaluate the CT grading of liver cirrhosis for estimating
the hepatic functional reserve. For this, we designed the
CT grading system to evaluate the liver cirrhosis because it
is valuable to evaluate liver fibrosis and cirrhosis by using
6����
,2��
7�]
MR and Doppler US image[2�����
. A series of observation was
designed according to CT grade 0, 1, 2, 3 which included
survival rate and fibrosis stages of non-tumor area. The
survival rate of CT grade 0 and 1 was significantly higher
than that in CT grade 2 and 3 (Figure 3).
Although both PRLV and CT grading ��������������������
had�����������������
a certain value
for preoperative assessment of hepatic functional reserve,
they c����������������������������������������������
ould������������������������������������������
not resolve the dilemma that PRLV should
differ from the degrees of liver cirrhosis. For this reason,
we further investigated how to combine the two parameters
that could be used to determine the resection volume. Based
on our data, it is clear that mortality increases, if PRLV is
lower than 50%, with varied difference of survival rates
among the different CT grade groups.
As the hepatic functional reserve reduces due to liver
cirrhosis, not only the numbers of liver cell is decreased,
28�]
but also the stage of fibrosis increases at the same time[���
.
Therefore, according to the theoretical calculations,
PRLV should be increased with the increasing grade of
liver cirrhosis. But what is a safe threshold has not been
clearly elucidated. For this reason, we designed a method
to analyze the survival distribution together with PRLV
and CT grades and found an oblique line (Figure 4)�������
which
������
could be used as a prediction for survival based on both
PRLV and different CT grades of liver cirrhosis.
www.wjgnet.com
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This predicted line suggests that 40% of PRLV is safe
if no liver cirrhosis occurred, but more than 90% PRLV is
marginally safe at CT grade 3. This line is very simple and
useful to be used as one parameter for liver resection. This
line not only concerns with the quality of the remnant
liver, but also the quantity of the remnant liver. Therefore,
this line has a certain ability of predicting hepatic
functional reserve. This method is particularly applicable
to the evaluation of the hepatic functional reserve for
HCC with liver cirrhosis, because it can eliminate the false
estimation of liver function due to the liver tumor itself.
This method is considered to be non-invasive, relatively
cheap and applicable enough to be clinically applied. It
can clearly suggest how much liver resection is safe during
hepatectomy.
In conclusion, postoperative liver function level and
survival rate are related to PRLV and CT grades of liver
cirrhosis. Combining the two parameters can form an
important prediction line for the evaluation of hepatic
functional reserve. The criterion should be tested and
verified with more cases in clinical applications. Also,
implementing this algorithm in CT analysis software could
lead to automatic measures of liver volume, which could be
used for better diagnosis and prognosis in HCC patients.
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Abstract
AIM: To assess the diagnostic accuracy of endoscopic
ultrasound (EUS), fluid tumor markers and cytology in
distinguishing benign from (pre)malignant pancreatic
cystic lesions.
METHODS: 46 consecutive patients, referred to a
gastroenterologist and surgeon for a symptomatic or
incidental pancreatic cyst, were reviewed. EUS, cytology,
and carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA 19-9) levels were compared with the final
diagnosis, based on surgical pathology and/or imaging
follow-up of at least 12 mo. Cysts were classified as
benign (pseudocyst, serous cystadenoma) or malignant/
pre-malignant (mucinous cystic neoplasm). Receiveroperator characteristics (ROC) curve analysis was
performed.
RESULTS: The mean age was 56 years; 29% were male
and median cyst diameter was 3 cm. Final outcome was
obtained in 41 (89%) patients. Twenty-three (56%) of
these 41 had surgical pathology. Twenty-three (56%)
had benign lesions and 18 (44%) had malignant/premalignant lesions. Sensitivity, specificity and positive
and negative predictive value of EUS alone to distinguish
benign from malignant/premalignant pancreatic cystic
lesions were 50%, 56%, 36% and 54% and for cytology
were 71%, 96%, 92% and 85%, respectively. The
corresponding values for the ROC-derived ideal cutoffs
www.wjgnet.com

were 75%, 90%, 75%, 90% for CA 19-9 (> 37 U/mL)
and 70%, 85%, 79% and 78% for CEA (> 3.1 ng/mL).
Subgroup analysis of those with surgical pathology
yielded almost identical performance and cutoffs.
CONCLUSION: Cytology and cyst fluid tumor marker
analysis is a very useful tool in distinguishing benign
from (pre)malignant pancreatic cystic lesions.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Most pancreatic cysts are either inflammatory or neoplastic
and pseudocysts account for the majority of pancreatic
cystic lesions[1]. “Simple” or congenital pancreatic cysts, in
contrast with those in the liver and kidney, are rare. Other
types of pancreatic cysts may be broadly classified as
benign or pre-malignant and malignant cystic neoplasms.
The former include serous cystadenomas, lymphangioma,
cystic teratoma, hemangioma, or paraganglioma. Malignant
cysts include mucinous cystic neoplasms (mucinous
cystadenoma or cystadenocarcinoma) [2,3]. Since some
of these lesions may harbor occult malignancy or may
develop into malignancy, differentiation between benign
(serous), malignant/premalignant, and inflammatory
(pseudocysts) cystic lesions is important[4]. Unfortunately,
there are yet no reliable clinical or radiological criteria that
allow accurate differentiation among the different types of
pancreatic cystic lesions.
Endoscopic ultrasound (EUS) is rapidly becoming
the imaging modality of choice for a variety of pancreatic
lesions; however the role of the endosonographic features
alone is controversial and EUS alone may not be sufficiently
reliable in differentiating between serous and mucinous
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lesions[5,6]. Analysis of the cyst fluid for CEA, CA 19-9
and cytology may help in differentiating pancreatic cystic
lesions[7-11]. However, data to support the role of cytology
and tumor markers of the cystic fluid in differentiating
benign from premalignant and malignant pancreatic cystic
lesions is still limited.
The aim of this analysis was to assess the diagnostic
accuracy of EUS without fine needle aspiration (FNA), as
well as fluid tumor markers and cytology in differentiating
inflammatory cyst and cysts of low malignant potential
from malignant and premalignant pancreatic cystic lesions.

MATERIALS AND METHODS
Subjects
The clinic charts of 46 consecutive patients with pancreatic
cystic lesions referred to a gastroenterologist (JR) and
pancreatic surgeon (FS) from February 1999 to April 2003
were reviewed. The results of EUS, fluid cytology, and
fluid CEA and CA 19-9 levels were compared with the final
diagnosis. Based on surgical histopathology and/or imaging
follow-up of at least 12 mo, cysts were classified as benign
(pseudocysts, serous cystadenoma) versus malignant or premalignant (mucinous cystadenoma, intraductal papillary
mucinous neoplasms, solid-pseudopapillary tumors, and
cystadenocarcinomas). Demographics and symptoms were
recorded. History of acute or chronic pancreatitis was also
recorded in addition to other risk factors of pancreatic
disease (e.g. alcohol).
Patients who did not undergo resection (because
of patient preference or due to comorbidities) but had
significant changes (increase in size more than 1cm or
development of an associated solid mass) of their primary
cystic lesion on follow-up imaging of at least 12 mo[12],
and patients who had a surgical pathological specimen
indicating a malignant or mucinous tumor were defined
as having a “malignant/pre-malignant” lesion; otherwise,
the lesion was considered to be a benign pancreatic cystic
lesion (pseudocyst or serous cystadenoma).
Imaging
The EUS and CT radiologists were effectively blinded to
the fluid analysis as this data is not available to either when
these tests are being performed in routine practice. The
following data regarding the description of the pancreatic
cystic lesions were abstracted from EUS and CT reports:
size, location and number of the cysts, wall thickness
(< 3 mm or ≥ 3 mm), septation (presence and thickness
of the septae), presence or absence of solid component
and presence or absence of chronic pancreatitis. Cyst sizes
(largest dimension, including all cystic compartments if
present). According to endosonographic features alone, all
pancreatic cystic lesions were classified as either benign or
malignant/premalignant by EUS (prior to knowledge of
FNA results). The lesion was considered suspicious of being
malignant or premalignant if one or more of the following
criteria were met: wall thickness of 3 mm or greater, thick
septae (> 2 mm), macrocystic (> 2 cm) component(s), or
presence of a solid adjacent or intracystic mass or nodule.
The presence of chronic pancreatitis was felt to favor a
pseudocyst unless one or more of the above criteria were
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met. A microcystic pattern and the presence of a stellate
scar or central calcification were considered suggestive of a
serous cystadenoma. The finding of mobile echogenic debri
was considered compatible with a pseudocyst.
All EUS procedures were performed with conscious
sedation with a radial scanning echoendoscope (GFU-130,
Olympus America, Inc., Melville, NY or GF-3060, Pentax).
FNA was performed using a linear array echoendoscope
(EG-3630U Pentax Medical Co, Montvale, NJ) and a 22
gauge, 8 cm needle (Echotip, Wilson-Cook Medical, Inc.,
Winston-Salem, NC). Cyst aspiration was accomplished
by 1 needle pass in almost all cases. Antibiotics were
routinely administered prophylactically (oral ciprofloxacin
or levafloxacin for 3-5 d, starting one day before the
procedure). When FNA was performed, the largest cyst
component was targeted. To reduce the risk of infection,
an attempt was made to completely drain all contaminated
components. The wall of the cyst was not specifically
biopsied/aspirated unless there was wall thickening or an
adjacent mass. All EUS procedures were done by the same
gastroenterologist (JR) with the assistance of an advanced
endoscopy fellow (AA, RP).
Pancreatic cyst fluid analysis
All cytology specimens were collected in Cytolyte (Cytyc
Corporation, Boxborough, MA), and spun down in
the cytology lab. The median volume of the cyst fluid
aspirated was 3 mL. If the volume of the aspirate was
small (< 1 mL), the fluid was sent only for cytological
evaluation alone, otherwise, CEA, CA19-9, and cytology
were requested. Aspirated cystic fluid was sent to lab in a
10 mL syringe. Cytologic material was expressed onto a
frosted glass slide immersed in 95% ethanol.
Cytology was considered positive (malignant or premalignant) if the cytological evaluation showed features of
a mucinous cystadenoma (e.g. mucin) or if malignant cells
were identified.
Statistical analysis
Test performances of EUS, cytology, CEA, and CA 19-9
fluid levels in predicting the final diagnosis were analyzed
with two-by-two contingency tables. Sensitivity, specificity,
positive and negative predictive values and the diagnostic
accuracy with their 95% binomial confidence intervals were
calculated. Chi-square univariate analysis was performed
to compare the frequency of various factors between the
benign or inflammatory and the malignant or premalignant
groups. The Wilcoxon rank-sum test (Mann-Whitney)
was used to compare continuous variables (e.g. the tumor
marker levels) among these two groups. Receiver-operator
characteristic (ROC) curves were constructed to determine
the optimal cutoff values of CEA and CA 19-9 levels in
predicting the final diagnosis of a pancreatic cystic lesion.
An ROC curve displaying the false positive rate on the
x-axis (1-specificity) and the true positive rate on the y-axis
(sensitivity) for varying test thresholds was constructed[13].
The ideal cut-off values for the CEA and CA 19-9 were
chosen by determining the cutoff closest to an ideal test (the
upper left corner of the graph)[14]. Quantitative ROC curve
analysis included calculation of areas under each curve
(AUC) with 95% confidence intervals (MedCalc, v.7.3.0).
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RESULTS
Patient and cyst characteristics
Final diagnosis was obtained in 41 (89%) of these 46
patients, 23 of whom (56%) had surgical pathology.
Twenty-three (56%) patients had benign lesions and 18
(44%) had malignant/premalignant lesions (Table 1). The
mean (SD) age of the patients was 56.2 (18) years; 71%
were female. Sixty-three percent of patients (n = 26) had
abdominal pain, 22% had a previous history of acute
pancreatitis, and 20% had features of chronic pancreatitis
on imaging; 24% of patients were asymptomatic (incidental
cyst). Median cyst diameter was 3 (range: 0.5-15) cm, with
68% measuring under 5 cm in diameter. The cyst was
located in the head or uncinate in 39% of cases.
Eight (35%) of 23 patients with benign lesions underwent
surgical resection because of their symptoms and/or because
of suspicious features of imaging, cytology and/or cyst
tumor markers. Four (22%) of 18 patients with growth
on imaging follow-up did not undergo surgery because of
high operative risk, refusal of surgery or metastases. Final
diagnosis included mucinous cystadenoma (n = 8), mucinous
cystadenocarcinoma (n = 6), serous cystadenoma (n = 15),
pseudocyst (n = 7), solid pseudopapillary tumors (n = 2) and
others (n = 3).
The patient characteristics (demographics, presentation,
and history of acute or chronic pancreatitis) and imaging
features did not differ significantly between the two groups,
except that the malignant/premalignant group was slightly
younger and had slightly bigger cysts (Table 1).
Diagnostic accuracy of EUS and fluid analysis
Twenty-six patients underwent EUS. Thirty-three percent
were under 2 cm in diameter, 17% had calcifications or
a central scar, 50% had at least one septation, 17% had
a thick septum or wall and 25% had 4 or more EUS
criteria for chronic pancreatitis. Sensitivity, specificity and
positive and negative predictive values of EUS (without
fluid analysis) to distinguish benign from malignant/
premalignant pancreatic cystic lesions were 50%, 56%,
36% and 69%. These are summarized in Table 2.
The mean CA 19-9 level was 16.8 U/mL for benign
lesions, and 3624 U/mL for premalignant/malignant
ones (P = 0.055). For CEA, the mean was 1.3 ng/mL for
benign lesions, and 64 U/mL for premalignant/malignant
ones (P = 0.02). Using quantitative ROC curve analysis,
37 U/mL was found to be the ideal cut-off (i.e. best
balance of sensitivity and specificity) for CA 19-9 and 3.1
ng/mL was best for CEA (Figure 1A and B).
A cyst f luid CA 19-9 over 37 U/mL had 75%
sensitivity, 90% specificity and 82% diagnostic accuracy,
whereas CEA over 3.1 ng/mL had 70% sensitivity, 85%
specificity and 78% diagnostic accuracy. Very high levels
of CEA (> 100 ng/mL) were never seen in benign
lesions (100% specific; 100% positive predictive value),
but were seen in only 33% of malignant/premalignant
ones (67% sensitivity). Interestingly, the two patients with
solid pseudopapillary epithelial neoplasms, with positive
cytology, had low tumor cyst marker levels (CEA levels
were 0.5 and < 0.5 ng/mL, and the CA19-9 levels were
1 and 10 U/mL, respectively). The subgroup of patients
www.wjgnet.com
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Table 1 Patient and cyst characteristics n (%)

Age (mean, yr)
Male
Symptoms
Abdominal pain
Other symptoms
Asymptomatic
Pancreatitis
Previous acute pancreatitis
Chronic pancreatitis
Cyst diameter
< 1 cm
1-1.9 cm
2.0-5 cm
> 5 cm
Mean (cm)
Location
Head
Uncinate
Body
Tail
Investigations
Surgery
Cytology
CEA
CA 19-9
EUS

Entire
Malignant/
P
1
group
Benign pre-malignant values
(n = 41) (n = 23) (n = 18)
56
62
51
0.03
12 (29)
5 (22)
7 (39)
0.4
26 (63)
5 (12)
10 (24)

12 (52)
4 (17)
7 (30)

13 (72)
2 (11)
3 (17)

0.3
0.9
0.6

9 (22)
8 (20)

7 (30)
5 (22)

2 (11)
3 (17)

0.3
0.9

3 (7)
7 (17)
18 (44)
13 (32)
3.0

3 (13)
5 (22)
9 (39)
5 (22)
3.4

0 (0)
2 (11)
8 (44)
8 (44)
5.6

0.3
0.6
0.9
0.2
0.006

13 (32)
3 (7)
14 (34)
11 (27)

9 (39)
1 (4)
7 (30)
5 (22)

4 (22)
2 (11)
7 (39)
5 (28)

0.4
0.8
0.8
0.9

23 (56)
41 (100)
23 (56)
22 (54)
26 (63)

8 (35)
23 (100)
12 (52)
10 (44)
13 (57)

14 (78)
17 (94)
11 (61)
12 (67)
9 (39)

0.02
0.8
0.8
0.2
0.4

1

Comparison between benign and malignant/premalignant columns.

(n = 41) who had surgical pathology had comparable
results, with accuracies of 89% and 77% for CA19-9 and
CEA, respectively.
Sensitivity, specificity and diagnostic accuracy for
cytology to distinguish benign from malignant/premalignant
pancreatic cystic lesions were 71%, 96% and 85%,
respectively (Table 2). Cytology specimens were acellular
in 9 patients, one of which had debris consistent with a
pseudocyst. Six (67%) of these 9 turned out to be benign
lesions, and of the other three, two were positive for mucin;
none were malignant. Eleven specimens were called “nonmalignant, hypocellular.” Nine (82%) turned out to be
benign lesions, and 1 of the other 2 was positive for mucin;
none were malignant. Again the subgroup that had surgical
pathology had very comparable cytology accuracy (83%).
Complications from cyst aspiration
Of the 41 patients who underwent FNA, two had
complications (4.8%): one had minor self-limited intracystic
bleeding (no pain, no significant hemoglobin drop, no
transfusion, kept overnight for observation) and another
one had severe pancreatitis that resolved with supportive
therapy. There was no documented infection, leaks, or
perforation.

DISCUSSION
With improved and more frequent imaging, incidental
pancreatic cysts are increasingly recognized, and in
contrast to other organs, the majority of incidental non-
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Table 2 Diagnostic performance of EUS, cytology, CEA and CA 19-9 fluid levels in identifying premalignant of malignant cystic lesions
mean 95% CI (%)
EUS alone
50 (16-84)
56 (30-80)
69 (39-91)
36 (11-69)
54 (34-74)
0.53 (0.32-0.74)

Sensitivity
Specificity
Negative predictive value
Positive predictive value
Accuracy
Area under curve

Cytology
71 (49-92)
96 (87-99)
82 (62-94)
92 (64-99.8)
85 (74-96)
0.83 (0.68-0.93)

1

CEA > 3.1 ng/mL
70 (42-98)
85 (65-99)
79 (57-99)
78 (51-99)
78 (61-95)
0.78 (0.54-0.93)

1

CA 19-9 > 37 U/mL
75 (33-75)
90 (71-99)
75 (43-95)
90 (56-99.8)
82 (66-98)
0.8 (0.57-0.94)

1

Optimal cut-offs for CEA and CA 19-9 as determined by receiver-operator characteristic (ROC) curve analysis.

A

CEA

100

Sensitivity

80
60
40
20
0
0

B

20

40
60
80
100-Specificity

100

CA 19-9

100

Sensitivity

80
60
40
20
0
0

20

40
60
80
100-Specificity

100

Figure 1 A receiver operator characteristic (ROC) curve of fluid CEA or CA 19-9
with respect to diagnosing malignant/premalignant pancreatic cystic neoplasms. A:
CEA > 3.1 ng/mL had a 70% sensitivity and 85% specificity; B: CA 19-9 > 37 U/mL
had a 75% sensitivity and 90% specificity.

inflammatory pancreatic cysts are neoplastic. Predicting
the pathology and prognosis of these cysts is difficult
because of tremendous overlap in imaging features, but
is very important, as benign low-malignant potential
lesions (serous cystadenomas) and inflammatory cysts
(pseudocysts) do not generally require resection in
asymptomatic or minimally symptomatic individuals. EUS
is the ideal tool for the evaluation of cystic lesions of the
pancreas because of its ability to image these lesions with
high resolution (due to close proximity, high ultrasound
frequency), and its ability to easily and safely sample the
fluid from these lesions during the same session[15].
Almost all previous studies restrict the patient cohort to
those patients with surgical pathology. While ensuring the
accuracy of the gold standard, that design can result in a
considerably biased selection of lesions and patients (larger
lesions, younger patients fit for surgery, and probably

more concerning cyst features on imaging). Our series of
patients was consecutive, and the final diagnosis was made
based on the surgical specimen in those operated on (almost
half of our cohort), and included one year of radiological
and clinical follow-up in those followed conservatively.
One limitation of our design is that the natural history
of a mucinous cystadenoma is not well known. Small benign
mucinous lesions grow slowly and develop malignancy at
a very low rate[16]. It is possible that one year of follow-up
is insufficient; however it is unlikely that frankly malignant
or high-grade dysplastic lesions would be missed with this
approach. Other series have used follow-up of 12-31 mo,
in those who did not undergo resection[17,18], to confirm
their benign status. In support of our design, our findings
regarding test performance and ideal cutoffs were nearly
identical in those with and without surgical pathology.
In our series, the sensitivity and specificity of cytology
and mucin staining to distinguish benign from malignant/
premalignant pancreatic cystic lesions were 71% and 96%,
respectively, with a negative predictive value of 82% and
a diagnostic accuracy of 85%. Although, the specificity in
other studies is comparable to that in our series, there is
lower agreement in the literature regarding sensitivity for
specimens obtained under CT or ultrasound (range 49%
to 98%) [19-21], usually because of variable frequency of
specimens reported as hypocellular or acellular. Pinto et al[22]
and Brandwein et al[23] both reported lower sensitivities than
ours (50%-65%)[11]. In a retrospective study of 34 patients,
Sedlack et al[11], found that fluid cytology had a sensitivity
of only 27% with a specificity of 100%. This study had
few cytology specimens (n = 18) and only included those
patients undergoing surgical resection[11]. In keeping with
our results, a recent prospective study[24] of 67 patients
who were all surgical candidates and referred for surgical
resection, cytology had a sensitivity of 97% and specificity
of 100% in predicting whether a lesion needed surgery.
Recently, Brugge et al[25] reported the results of a multicenter trial of fluid analysis in 109 patients that had surgery
(33% of initial cohort). The accuracy of cytology was 59%
(64/109) in differentiating between mucinous and nonmucinous cystic lesions[25]. It is not clear whether a positive
mucin stain and/or a hypocellular or acellular specimen
were classified as positive or negative in that study.
One practical limitation for small cysts is the lack of
sufficient fluid to perform both cytology and tumor marker
analysis. We, in cooperation with our cytology department,
found that sending a tumor marker requisition to the
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cytology lab, accompanying the low-volume fluid specimen,
can help. The cytology technicians can spin down a cellular
pellet for cytologic interpretation; the supernatant can then
be sent directly for tumor marker measurement from the
cytology lab.
While we and others[7,25] have shown very promising
results with cyst fluid tumor marker analysis, others have
shown poorer performance, reporting accuracies as low
as 27%[11,24]. CEA sensitivity has generally been found to
be very good in most studies, albeit with some variability
in the optimal cut-off value. CA 19-9 has generally
been found to be less specific. Similarly, Hammel et al[7]
showed that CA 19-9 levels had a 75% sensitivity with a
90% specificity for distinguishing mucinous tumors from
other cystic lesions, however the cutoff he used was very
different (> 50 000 U/mL). We agree with Frossard et al[24],
who showed that CA 19-9 > 50 000 U/mL had a sensitivity
of only 15%, that this high threshold for CA19-9 is
likely reasonable for detecting malignancy but would be
insensitive for premalignant lesions.
With respect to the accuracy of EUS without FNA, our
results are in keeping with Brugge et al[25], who showed that
the accuracy of CEA (88/111, 79%) was significantly greater
than the accuracy of EUS morphology alone (57/112, 51%)
in differentiating between mucinous and non-mucinous
cystic lesions. Song et al[6], showed that pseudocysts exhibited
echogenic debris and parenchymal changes more often than
cystic tumors did (29% vs 6% and 65% vs 4%, respectively),
but these features were neither specific nor sensitive. Mural
nodules were also insensitive but moderately specific in
that study (56% in cystic neoplasms vs 12% in pseudocysts.
Differentiating cystic neoplasms (of any type) from
pseudocysts is arguably an easier task.
In conclusion, tumor marker analysis of cyst fluid was
found to be a safe and useful adjunct in distinguishing
inflammatory and low-malignant potential benign neoplasms
from malignant or premalignant pancreatic cystic lesions,
and appears similar in performance to cytology. Although
fluid CEA is likely most reliable, CA19-9 also appears to
have very good performance. Cytology has reasonable
diagnostic performance when acellular and hypocellular
specimens without mucin are considered “benign” and
mucin positivity is considered to be “suspicious” for a
premalignant or malignant process, but its performance
is considerably lower when specimens without adequate
cellularity are treated as non-diagnostic.
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Abstract
AIM: To assess the prevalence of bowel dysfunction
in hemiplegic patients, and its relationship with the
site of neurological lesion, physical immobilization and
pharmacotherapy.
METHODS: Ninety consecutive hemiplegic patients and
81 consecutive orthopedic patients were investigated
during physical motor rehabilitation in the same
period, in the same center and on the same diet. All
subjects were interviewed ≥ 3 mo after injury using a
questionnaire inquiring about bowel habits before injury
and at the time of the interview. Patients’ mobility was
evaluated by the Adapted Patient Evaluation Conference
System. Drugs considered for the analysis were
nitrates, angiogenic converting enzyme (ACE) inhibitors,
calcium antagonists, anticoagulants, antithrombotics,
antidepressants, anti-epileptics.
RESULTS: Mobility scores were similar in the two
groups. De novo constipation (OR = 5.36) was a
frequent outcome of the neurological accident.
Hemiplegics showed an increased risk of straining at
stool (OR: 4.33), reduced call to evacuate (OR: 4.13),
sensation of incomplete evacuation (OR: 3.69), use of
laxatives (OR: 3.75). Logistic regression model showed
that constipation was significantly and independently
associated with hemiplegia. A positive association was
found between constipation and use of nitrates and
antithrombotics in both groups. Constipation was not
related to the site of brain injury.
CONCLUSION: Chronic constipation is a possible
outcome of cerebrovascular accidents occurring in
30% of neurologically stabilized hemiplegic patients.
Its onset after a cerebrovascular accident appears to
be independent from the injured brain hemisphere,
and unrelated to physical inactivity. Pharmacological
treatment with nitrates and antithrombotics may

represent an independent risk factor for developing
chronic constipation.
© 2007 WJG . All rights reserved.
Key words: Constipation; Disphagia; Stroke; Pharmacotherapy
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INTRODUCTION
Involvement of the gastrointestinal tract after cerebrovascular accidents (CVA) manifests as dysphagia and altered
bowel function. Lesions of the brain centers controlling the
swallowing act, when located in the dominant hemisphere
for swallowing, are sufficient to explain the onset of
dysphagia[1]. Several causes, other than neurological damage
itself, have been advocated to explain the altered bowel
function.
Fecal incontinence [2] and constipation have been
reported [3] in hemiplegic institutionalized patients or
after recent CVA [4] , but their onset and prevalence
after cerebral stroke and their relationship, if any, with
neurological lesion and its hemispheric side or site, physical
immobilization, drug consumption and mental disability,
are unknown.
The aim of this study was to assess in patients with
hemiplegia (1) the prevalence of bowel dysfunctions after
stroke in patients with hemiplegia, and (2) the role of the
site of neurological lesion, physical immobilization and
pharmacotherapy in bowel dysfunction.

MATERIALS AND METHODS
Subjects
Consecutive hemiplegic patients with stabilized neurological
lesions following a CVA were compared with consecutive
orthopedic patients, following a fracture or surgery of
pelvis or femur. Neurological and orthopedic patients
presenting a normal cognitive status were investigated,
after a period of physical immobilization of at least three
months, with stabilized orthopedic or neurological lesions,
while undergoing motor rehabilitation in the same period,
www.wjgnet.com
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in the same rehabilitative center. All patients were on a
similar diet for fiber and caloric intake.
Exclusion criteria were presence of fecal incontinence
or constipation and chronic use of laxatives before the
neurological or orthopedic event, presence of multiple
vascular lesions of the brain, other neurological lesions,
gastrointestinal or systemic diseases, impairment of
cognitive status and previous abdominal surgery (except
appendectomy and cholecystectomy).
Assessment
The diagnosis of CVA and the site of brain injury were
ascertained, soon after the stroke, by computerized
tomography or magnetic resonance imaging. Severity of the
stroke was evaluated by the Canadian Neurological Scale[5]
ranging from 1.5 to 11.5. Score 1.5 corresponds to patients
sleepy with complete hemiplegia and severe speech deficit,
score 11.5 corresponds to patients with less severe stroke
(good consciousness and absence of speech and strength
deficit). Cognitive status was assessed by the Mini-Mental
State[6]. Patients with a score < 26, corrected for age and
scholarity, were excluded from the study.
Physical mobility of the patients was assessed using the
Adapted Patient Evaluation Conference System (APECS),
a standardized 0-7 score point system[7]. The score value
of 7 indicates the maximal mobility, i.e. autonomy to walk.
The same operator (FB) used a standardized questionnaire to inquire about diet and weekly bowel frequency
and the following bowel characteristics, including difficulty
of evacuation, feeling of incomplete evacuation, stool
consistency, use of laxatives and/or digital maneuvers to
defecate, loss of the call to defecate, and uncontrolled loss
of feces before stroke or the orthopedic event and at the
time of the study.
In addition, the questionnaire inquired about sociodemographic conditions such as social and smoking habits
and alcohol intake. All patients were carefully investigated
about medicine consumption. Drugs specifically considered for the analysis in both groups were nitrates, ACEinhibitors, calcium antagonists, anti-depressants, anticonvulsivants, anti-thrombotics, anticoagulants, cardiac
glycosides.
Constipation was defined as less than two bowel
movements (bm) per week or presence of two or more of
the following complaints (when laxatives and/or enemas
were not used), less than three bowel movements per week,
straining at defecation, feeling of incomplete evacuation
and hard stools on at least 25% of occasions (Rome Ⅱ
Diagnostic Criteria) [8], or continuous use of laxatives.
Fecal incontinence was defined as recurrent uncontrolled
passage of rectal contents through the anal canal[9].
The protocol was approved by the Local Ethics
Committee.
Statistical analysis
Descriptive statistical techniques were used to compare the
two groups of patients. Chi-square test and Fisher's exact
test were used to compare frequency of symptoms in the
different study groups and Student’s t-test was used to
compare the two groups for continuous variables.
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Table 1 Characteristics of the study groups n (%)

Past/current smokers
Wine
Liqueurs
Secondary school
Employed
Sedentary activity

Hemiplegic
(n = 90)
25 (27.7)
40 (44.4)
9 (10.0)
23 (25.5)
17 (18.8)
25 (27.7)

Orthopedic
(n = 81)
11 (13.6)
42 (51.8)
10 (12.3)
25 (30.8)
11 (13.6)
13 (16.0)

P -value
0.03
0.29
0.63
0.44
0.35
0.06

Univariate and multivariate logistic regression analysis[10]
was performed to evaluate the relationship between
constipation and stroke by odds-ratio (OR) calculation,
with the orthopedic group used as reference. In multivariate
analysis, these ORs were adjusted for socio-demographic
factors, mobility degree, drug consumption without
interference of each of these factors. Model-building
strategy used to select the variables reported in the final
multivariate analysis, was started from a multivariate model
including all the variables analyzed at the univariate level,
and then excluding one variable with the highest P value
(resulting from the log-likelihood test). This procedure was
repeated until the model included only the variables with a
P value < 0.20. The association of de novo constipation with
the site of brain injury was analyzed in hemiplegic patients
using OR as an epidemiological measure.

RESULTS
Study population
Ninety hemiplegic patients (47 females and 43 males; mean
age 68 years, range 27-95 years) and 81 orthopedic patients
(63 females and 18 males; mean age 74 years, range: 22-94
years) were included in the study. The number of female
and older subjects was greater in the control orthopedic
group than in the hemiplegic population (P < 0.01 and
P = 0.04, respectively).
The median time from the day of stroke/fracture and
interview was about 36 wk (median: 254 d; interquartile
range 138-565) and did not differ between the two groups.
The Median Canadian Scale value was 7.59 ± 1.63 with
no statistical difference between hemiplegics with and
without onset of constipation (7.39 ± 1.35 and 7.48 ± 1.40,
respectively).
The two groups did not differ either in diet, alcohol
consumption, scholarity and occupational status. The
number of smokers was greater in the hemiplegic group
than in the orthopedic group (P = 0.03, Table 1). At the
time of investigation, mobility evaluated by the APECS
score, did not significantly differ between hemiplegic
patients (mean 3, range 0-7) and orthopedic patients
(mean 3, range 0-7). Brain injury was found in the right
hemisphere of 51 hemiplegic patients (57%) and in the left
hemisphere of 39 hemiplegic patients (43%).
Bowel variation
After stroke, bowel function varied in 55 patients (61%):
33 patients (37%) referred a decrease in weekly bowel
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Table 2 Univariate analysis evaluating the association between
social-demographic variables, mobility and drugs with onset
of de novo constipation after cerebrovascular accidents of
orthopedic trauma n (%)
De novo constipation

All subjects

Age1 mean (range)
APECS2 mean (range)
Hemiplegics
Orthopedics
Males
Females
Smoking
Wine
Liqueur
Secondary school
Employed
Sedentary activity
Drugs
Nitrates
Ace
Calcium antagonists
Antithrombotics
Anticoagulants
Anticonvulsivants
Antidepressants
Cardiac glycoside
Diet
Vegetables ≥ 1 time/d
Fruits ≥ 1 time/d
Brown ≥ 1 time/d
Liquid intakes ≥ 1500/d

P

Yes
n = 33
(19.30%)
68.4 (27-95)
3.29 (0-7)
27 (30.0)
6 (7.4)
13 (21.3)
20 (18.2)
11 (30.6)
12 (14.6)
2 (10.5)
9 (18.7)
6 (21.4)
8 (21.0)

n = 138

No
OR 95% CI

value

(80.70%)
71.4 (22-94)
3.68 (0-7)
63 (70.0)
75 (92.6)
48 (78.7)
90 (81.8)
25 (69.4)
70 (85.4)
17 (89.5)
39 (81.3)
22 (78.6)
30 (79.0)

0.94
0.88
5.36
1
0.82
1
2.26
0.56
0.46
0.95
1.17
1.15

0.74-1.21
0.71-1.09
2.08-13.8

0.64
0.27
0.01

0.38-1.79

0.62

0.97-5.25
0.25-1.22
0.10-2.09
0.41-2.23
0.43-3.17
0.47-2.81

0.06
0.14
0.32
0.91
0.31
0.76

12 (37.5)
12 (27.3)
16 (27.1)
20 (35.07)
4 (22.2)
3 (27.3)
4 (22.2)
9 (39.1)

20 (62.5)
32 (72.7)
43 (72.9)
36 (64.3)
14 (77.8)
8 (72.7)
14 (77.8)
14 (60.9)

3.37
1.89
2.08
4.36
1.22
1.63
1.22
3.32

1.43-7.91 0.005
0.84-4.26 0.12
0.96-4.50 0.06
1.97-9.66 < 0.001
0.37-3.99 0.74
0.41-6.49 0.49
0.37-3.99 0.74
1.29-8.54 0.01

22 (19.3)
26 (18.1)
3 (25.0)
2 (10.5)

92 (80.7
118 (81.9)
9 (75.0)
17 (89.5)

1.00
0.63
1.43
0.46

0.45-2.24
0.24-1.64
0.37-5.72
0.10-2.09

1.00
0.34
0.61
0.31

Percentages are calculated referring to the total patients for considered
variable. OR: Odds-ratio; CI: Confidence interval; 1The OR for age refers to
an increase of ten-year step. 2The OR for APECS refers to one point increase
in the score. APECS: Adapted Patient Evaluation Conference System.

frequency, 30 patients (33%) straining or pain at defecation,
29 patients (32.2%) hard stools, 21 patients (23.3%) feeling
of incomplete evacuation, 22 patients (24.4%) continuous
use of laxatives, 3 patients (3.3%) digital maneuvers to
evacuate, 4 patients (4.4%) loss of the urge to defecate,
and 5 patients (5.6%) fecal incontinence.
After orthopedic trauma, bowel function varied in
20 patients (24.7%) (P < 0.005 vs hemiplegic patients),
9 patients (11%) referred a decrease in weekly bowel
frequency, 8 patients (9.9%) straining or pain at defecation,
12 patients (14.8) hard stools, 6 patients (7.4%) sensation of
incomplete evacuation, 7 patients (8.6%) continuous use of
laxatives, 1 patient (1.2%) loss of the urge to defecate, and 3
patients (3.7%) fecal incontinence.
De novo constipation according to Rome Ⅱ criteria
Twenty-seven (30.0%) hemiplegic patients presented
constipation as compared to 6 (7.4%) orthopedic patients
(OR = 5.36, P < 0.01).
Statistically significant association was found at
the univariate analysis, between de novo constipation,
hemiplegia, use of antithrombotics, nitrates and cardiac
glycosides (Table 2).
No statistically significant association was observed

Table 3 Multivariate analysis

Hemiplegics vs orthopedics
Ischemic hemiplegics patients vs orthopedic patients
Hemorrhagic hemiplegics patients vs orthopedic patients
Use of antithrombotics
Use of nitrates
Use of cardiac glycosides

AOR
3.28
3.11
3.64
2.72
2.48
2.77

95% CI
1.18-9.09
1.04-9.29
0.92-14.44
1.05-7.11
0.98-6.27
0.99-7.79

AOR: Adjusted OR.

Table 4 Patients referring de novo gastrointestinal smptoms
after cerebrovascular accident or orthopedic trauma n (%)
Gastrointestinal
Hemiplegics Orthopedics
symptoms
n = 90
n = 81
Dysphagia
14 (15.5)
0 (0)
Heartburn
2 (2.2)
0 (0)
Abdominal pain
6 (6.7)
2 (2.5)
Fecal incontinence 5 (5.5)
3 (3.7)

OR

95% CI

P value

∞
∞
2.82
1.53

3.36-∞
0.27-∞
0.48-29.22
0.29-10.15

0.0001
0.51
0.28
0.72

between de novo constipation and gender, age, mobility and
use of ACE-inhibitors, calcium antagonists, anticoagulants,
anticonvulsivants and antidepressants (Table 2).
The effects of nitrates, antithrombotics and cardiac
glycosides on de novo constipation did not differ in hemiplegics
and orthopedics.
Multivariate analysis (Table 3) confirmed that constipation
was significantly and independently associated with ischemic
or hemorrhagic hemiplegia, use of antithrombotics, nitrates
and glycosides.
Other gastrointestinal symptoms
Gastrointestinal symptoms other than constipation occurred
after stroke or orthopedic trauma, are reported in Table 4.
Although the risk of onset of other GI symptoms was
higher after stroke than that of orthopedic injury, the
difference did not reach statistical significance in any of
them but dysphagia.
After stroke, constipation was associated with dysphagia
in 7/14, and incontinence in 2/14 of the patients.
Characteristics of neurological lesions and GI symptoms
Chronic constipation was reported in 63% (17/27) of
hemiplegic patients after right brain hemispheric injury
and in 37% (10/27) hemiplegic patients after left brain
hemispheric lesions (n.s.). Injured brain sites in de novo
constipated patients were thalamo-capsular area (11/25,
41% patients, OR = 2.83 vs parietal area: 5/18 patients
18.5%, reference group), temporal area (1/6 patients,
OR = 0.6 vs parietal area), multisited lesions including
frontal, temporal and parietal (8/11 patients, OR = 2.62 vs
parietal area), other sites (2/8 patients, OR = 0.9 vs parietal
area). Dysphagia, constipation, as well as concomitant
occurrence of constipation with dysphagia or with fecal
incontinence, did not significantly differ between patients
with right or left brain hemispheric lesion, or with different
sites of lesion.
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DISCUSSION
It is known that the central nervous system (CNS) takes part
in the control of visceral functions and its damage can lead
to gastrointestinal impairment as demonstrated in spinal
cord lesions[11,12] and in many other neurological diseases,
such as Parkinson’s disease [13], multi system atrophy [14],
multiple sclerosis[15], and Altzheimer disease[3].
Dysphagia [16] and bowel dysfunction are the most
frequent gastrointestinal complaints reported after stroke.
Previous studies have attempted to evaluate the prevalence
and pathogenesis of chronic constipation after stroke[3,17].
A statistical association between constipation and stroke
both in institutionalized subjects[3] and in independentlyliving elderly subjects[17], has been reported.
However, neither prevalence of after stroke constipation
nor the pathogenic role of neurological lesions per se in
causing bowel dysfunction has never been convincingly
proven for the concomitance of confounding factors such
as old age, pharmacological treatment, and mental disability.
In addition, previous studies [3-4] did not attempt to
differentiate constipation presenting de novo after stroke from
that already presented prior to CVA. Furthermore, these
studies did not use a standardized definition of chronic
constipation and relied on the patient’s self definition.
The degree of physical inactivity is related with the
risk of constipation[18,19]. No previous investigation has
assessed the relationship between stroke and the degree
of body mobility, with the exception of Robain and
coworkers [4]. However, their observation, indicating a
possible association between stroke and body immobility,
refers to the immediately after-stroke period of two weeks.
Moreover, it lacked a comparative group, and did not
differentiate between de novo and pre-existing constipation.
In our study, to assess the role of CVA in bowel
dysfunction, the neurological patients were examined after
stabilization of the lesion, at the end of motor rehabilitation.
They were compared with non neurological ones who
presented the same mobility, and other risk co-factors
for constipation, such as diet and drug consumption[20].
The orthopedic control group had an older age and
comprised more females than the neurological group. These
differences, however, did not appear to influence the results
of this study. Old age and female gender that are considered
predisposing factors for constipation[21], prevailed in the
orthopedic control group that referred less constipation
than the neurological one. In addition, a gender-related
risk of constipation was probably balanced because it was
reported that in elderly people, as those investigated, the risk
for constipation is comparable in males and females[21]. In
this study group, constipation was not associated with age
or physical mobility, but most of the enrolled patients were
elderly. Moreover, all patients and controls were affected
by reduced mobility to avoid these confounding factors.
Furthermore, a significant association between constipation
and hemiplegia has been confirmed by multivariate analysis
after adjustment for age, sex and mobility degree.
Different from previous studies, only de novo constipation is used as an international standardized definition
of chronic constipation with both bowel frequency and
dysfunction of evacuation taken into account[8]. In our
www.wjgnet.com
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study, only subjects with a normal cognitive status were
enrolled to exclude patients who were unreliable or had
reduced awareness and insufficient cognitive status.
De novo constipation was significantly more frequent
after CVA than orthopedic trauma, indicating that CVA
represents an independent risk factor for constipation. The
association between de novo constipation and hemiplegia was
higher after hemorrhagic event than after ischemia. This
observation demonstrates a trend associating constipation
and increased severity of stroke. The risk of constipation
due to CVA may be underestimated in this study group,
because it excluded patients with impaired cognitive status,
usually consequent to more severe ictus.
No significant association was found in this study
population between de novo chronic constipation and use
of ACE inhibitors, anticoagulants and calcium antagonists.
Constipation was otherwise significantly associated with
assumption of nitrates, antithrombotics and cardiac
glycosides. The effect of nitrates, antithrombotics and
cardiac glycosides on de novo constipation did not differ
between neurological and orthopedic patients.
Nitroglycerin[17] has been associated with constipation
in elderly subjects. Although not fully clarified, nitrates may
cause constipation due to the inhibitory role in gut motility
secondary to the release of nitric oxide[22,23]. Antithrombotic
drugs used by the patients investigated in the present study
were acetyl salicylic acid (ASA), indobufen, and ticlopidine.
All of them have been reported to be associated with
bowel alterations [24-27]. ASA and NSAID appear to be
more frequently associated with constipation[24] probably
via inhibition of the propulsive activity by preventing the
release of prostaglandins[25]. Indobufen and ticlopidine
are usually associated with diarrhea[26,27] and the apparent
relationship with constipation is not easily explained by
their known pharmacological mechanism of action [28].
Although the association between calcium antagonists
and constipation did not reach the level of statistical
significance, it is consistent with the notion that constipation
is a possible adverse event of these drugs[29]. No data are
available in literature assessing relationship between digoxine
and constipation. However, contribution of each of the
above mentioned drugs in inducing constipation could not
be properly assessed since 70% and 35% of the patients
received combination therapy, with at least two and three
drugs respectively.
De novo constipation occurred in 30% of the hemiplegic
patients and did not have any consistent relationship with
anyone of the hemispheric sides, or with the severity of
stroke even if a trend of reduced risk of constipation was
noted in patients with a less widespread lesion.
It can be hypothesized that, not different from the act
of swallowing, cortical control of the defecatory function
derives from centers located in both hemispheres [30]
being only one of the two physiologically dominant.
Topographic cortical mapping performed with transcranial
magnetic stimulation has shown that anal and rectal
responses are in fact bilaterally represented on the superior
motor cortex of both cerebral hemispheres[31]. In analogy
with after stroke dysphagia, constipation too may become
a clinically manifestion only when CVA damages the
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defecatory dominant center, and controlateral center is
unable to maintain the control of anorectal function.
Patients, who become dysphagic immediately after
CVA, might recover with time when the controlateral noninjured center acquires the control of the complex act of
swallowing[16]. In the present study, patients were investigated
after stabilization of neurological lesions following a
program of motor rehabilitation. Future investigations
should evaluate the entity of post CVA recovery of
constipation, if any, comparing bowel dysfunction
immediately after CVA and after stabilization of the lesion
and during a rehabilitative treatment.
Only 50% of the dysphagic patients complained of
de novo constipation and the concomitant presence of
both dysfunctions had no relationship with the site of
neurological lesions. This finding is consistent with previous
studies that identified distinct centers controlling the
pharyngo-esophageal and anorectal function[31,32].
Data of this study did not show any association
between de novo constipation and lesions of specific brain
sites, but this relationship could not be properly addressed
in the present investigation because brain injuries were
widespread involving several centers and damaging many
nervous loops.
Fecal incontinence has been reported to occur in about
30% of patients in the first few weeks immediately after
stroke and between 3%-11% at 3 months and thereafter[33,34].
The 5.5% prevalence of de novo fecal incontinence at least 3
months after a CVA in patients of this study, is consistent
with previous reports[33]. The largely transient and early
manifestation of fecal incontinence after stroke appears
to be related more to impaired consciousness, immobility
and inadequate nurse assistance than to the neurological
damage per se. The similar occurrence of fecal incontinence
in hemiplegic and orthopedic patients suggests that this
phenomenon can be secondary to other factors than the
neurological damage.
This study shows that chronic constipation is a
frequent outcome secondary to cerebrovascular accident.
Constipation is due to neurological lesions independently
from the injured brain hemisphere, and is unrelated to age,
gender and physical inactivity.
The risk of developing chronic constipation with CVA
in either one of the cerebral hemispheres suggests that
defecatory centers are located in both hemispheres being
only one of the two physiologically dominants. The role
of drugs as a co-factor in constipation after stroke must be
better evaluated and interpreted.
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findings of the present study.
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Abstract
AIM: To present a case series of MRCP-guided endoscopic
biliary stent placement, performed entirely without
contrast injection.
METHODS: Contrast-free endoscopic biliary drainage
was attempted in 20 patients with malignant obstruction,
unsuitable for resection on the basis of tumor extent
or medical illness. MRCP images were used to confirm
the diagnosis of tumor, to exclude other biliary diseases
and to demonstrate the stenoses as well as dilation of
proximal liver segments. The procedure was carried
out under conscious sedation. Patients were placed
in the left lateral decubitus position. The endoscope
was inserted, the papilla identified and cannulated by
a papillotome. A guide wire was inserted and guided
deeply into the biliary tree, above the stenosis, by
fluoroscopy. A papillotomy approximately 1 cm. long was
performed and the papillotome was exchanged with a
guiding-catheter. A 10 Fr, Amsterdam-type plastic stent,
7 to 15 cm long, was finally inserted over the guide wire/
guiding catheter by a pusher tube system.
RESULTS: Successful stent insertion was achieved in all
patients. There were no major complications. Successful
drainage, with substantial reduction in bilirubin levels,
was achieved in all patients.
CONCLUSION: This new method of contrast-free
endoscopic stenting in malignant biliary obstruction is
a safe and effective method of palliation. However, a
larger, randomized study comparing this new approach

INTRODUCTION
Endoscopic stent insertion has become the preferred
method of biliary drainage for palliation of malignant
biliary obstruction. Stent placement can relieve jaundice and
pruritus and improve liver function and quality of life[1-4].
Currently, endoscopic stent placement involves the use
of contrast media to achieve direct opacification of the
biliary duct systems, and to determine the location and the
extension of biliary obstruction.
Bacterial cholangitis is the main ERC-related
complication in these patients. The risk of cholangitis
after contrast injection into the biliary tree in cases where
incomplete drainage is achieved is well known[5,6].
Recent reports describe the utility of MRCP or
CT imaging to guide selection of the target lobe for
subsequent endoscopic stenting. MRCP or CT images are
used to confirm the diagnosis of tumor to exclude other
biliary diseases and to demonstrate the stenoses as well
as dilation of proximal liver performed entirely without
contrast injection.

MATERIALS AND METHODS
Contrast-free endoscopic biliary drainage was attempted
in 20 patients with malignant obstruction unsuitable for
resection on the basis of tumor extent or medical illness.
Full and informed consent was obtained from all patients.
Baseline clinical and biochemical characteristics of
patients are given in Table 1.
www.wjgnet.com
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Table 1 Baseline characteristics of 20 patients with malignant
biliary obstruction
Parameter
Gender (M/F)
Mean age ± SD (yr)
Mean duration of symptoms ± SD (mo)
Jaundice
Pruritus
Fever
Anorexia
Weight loss
Mean serum bilirubin ± SD (mg/dL)
Mean AST ± SD (U/L)
Mean ALT ± SD (U/L)
Mean alkaline phosphatase ± SD (KA units)

n (%)
13/7
62.8 ± 8.0
1.75 ± 0.72
20 (100)
20 (100)
0 (0)
10 (50)
10 (50)
15.8 ± 9.2
43.2 ± 9.9
41.3 ± 9.9
37.3 ± 7.6

Three patients (15%) had ampullary carcinoma, 5 (25%)
pancreatic cancer, 10 (50%) cholangiocarcinoma of the
main biliary duct and 2 (10%) a Klatskin tumor.
The diagnosis was based on ultrasound or computed
tomography with ultrasound guided or CT fine needle
aspiration cytology. The site of biliary stricture was
defined with the help of MRCP. MRCP images were used
to confirm the diagnosis of tumor, to exclude other biliary
diseases and to demonstrate the length of the stenoses as
well as dilation of proximal biliary segments.
Implantation technique
The stent placement was carried out as an elective procedure.
A side-viewing video-endoscope (Olympus TJF 145R,
Olympus TJF 160R; Olympus Europe, Hamburg, Germany)
was used.
Prophylactic treatment with a broad-spectrum antibiotic
was initiated the day of the procedure and continued for 5 d
thereafter. The procedure was carried out under conscious
sedation. Premedication consisted of 5-10 mg diazepam
and 40-60 mg hyoscine butylbromide, in several separate
intravenous doses. Patients were placed in the left lateral
decubitus position. The endoscope was inserted and the
papilla identified and cannulated by a papillotome. A guide
wire (Tracer Metro guide-wire, Cook-Endoscopy; WinstonSalem, NC, USA) was inserted and guided deeply into the
biliary tree by fluoroscopy. A papillotomy approximately 1
cm. long was performed and the papillotome was exchanged
with a guiding-catheter that was introduced and identified,
under fluoroscopy, in the common bile duct across the
stricture. A 10 Fr, Amsterdam-type plastic stent (CottonLeung biliary stent, Cook Endoscopy; Winston-Salem, NC,
USA), 7 to 15 cm long, was finally inserted over the guide
wire/guiding catheter by a pusher tube system (Figure 1
A-F). The correct length and diameter of the biliary stent is
previously determined on the basis of the CPRM image.
Successful stent insertion was defined as passage of the
stent across the stricture along with flow of bile through
the stent. A decrease in bilirubin (> 0.5 mg/dL per day)
and improved cholestatic liver function tests, assessed 7 d
later were considered as signs of successful drainage.
Complications were defined according to the criteria of
Cotton et al[10].
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RESULTS
Successful stent insertion was achieved in all patients.
There were no major complications. A minor complication
(pancreatitis) developed in 1 patient (5%). Successful stent
implantation was obtained in all patients and successful
drainage, with substantial reduction in bilirubin levels, was
achieved in all patients (15.8 ± 9.2 at baseline vs 4.0 ± 2.1
mg/dL at 1 wk). There were no cases of 30-d mortality.
The median stent patency was 110.6 ± 17.8 d and the
mean survival was 136.8 ± 38.8 d.

DISCUSSION
Retention of contrast and subsequent segmental cholangitis
is a risk associated with endoscopic attempts to treat
advanced malignant stenoses of the biliary tract[7].
Risk factors identified as significant in univariate
analysis include the use of combined percutaneousendoscopic procedures, stent placement in malignant
strictures, the presence of jaundice, low case volume,
and incomplete or failed biliary drainage [11]. A special
circumstance is the presence of a hilar obstruction (e.g.,
“Klatskin tumor”). Post-ERC bacterial cholangitis in
patients with Klatskin tumors occurs in 17% to 49%[6,12,13].
Factors that may increase the risk of sepsis in
obstruction include disruption of the tight junctions
between hepatocytes, impaired Kupffer cell function, and
lack of clearance of contaminants which occurs with normal
bile flow. In addition the protective action of secretory
IgA and biliary mucus which prevent bacterial adherence is
lost. In animal studies bacterial reflux from bile to blood is
enhanced by increased intrabiliary pressure[14]. This suggests
that increased intrabiliary pressure during ERC is the main
reason for increased bacterial access to the blood.
Some endoscopists advocate attempts to avoid filling
all intrahepatic segments and the importance of draining
all intrahepatic segments that are filled with contrast[6,15].
Recent reports describe the utility of MRCP or CT
imaging to guide selection of the target lobe for subsequent
endoscopic stenting[7-9].
Constrast-free biliary decompression has been performed
and previously reported with duodenoscopes, US, and EUS
guidance[16-19].
In this present series, stents are placed under fluoroscopic
guidance without any injection of contrast.
This method differs somewhat from common practice
in a number of ways. The traditional approach consists
of obtaining a complete cholangiogram at ERCP with
retrograde opacification of obstructed ductal segments and
this, particularly for hilar stenoses, may pose a substantial
risk for cholangitis and mandate placement of multiple
stents. For the MRCP and TC-target biliary stenting
approach, contrast injection at ERCP is deliberately limited
to the extrahepatic bile duct distal to the tumor while a
unilateral or bilateral cholangiogram is completed after
the passage of guide-wire and guiding- catheter above the
stenosis.
Our approach completely avoids contrast injection.
The correct length and diameter of the biliary stent is
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Figure 1 A: The papilla identified and cannulated by a papillotome and a guide wire is inserted deeply into the biliary tree by fluoroscopy; B: Contrast-free guidewire
cannulation of main biliary duct (case of pancreatic cancer); C: Contrast-free deployment of plastic stent (same case of A); D: Contrast-free guidewire cannulation of left
hepatic duct (case of Klatskin tumor); E: Contrast-free unilateral deployment of plastic stent (same case of C). The arrows show the markers of the stent; F: Contrast-free
bilateral deployment of plastic stent (case of Klatskin tumor).

previously determined on the basis of the CPRM image.
Guidance of the guide wire, guiding catheter and stent in
the biliary tree is performed under fluoroscopic control
allowing safe and effective endoscopic stent insertion.
In this series, all patients had successful drainage. None
developed cholangitis or died within 30 d, which may be
due to contrast-free stenting.
In conclusion, this new method of contrast-free
endoscopic stenting in malignant biliary obstruction is a
safe and effective method of palliation. However, larger,
randomized studies comparing this new approach with the
standard procedure are needed to confirm the findings of
the present study.
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present study.
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Abstract
AIM: To report 13 patients with benign esophageal
stenosis treated with the biodegradable stent.
METHODS: We developed a Ultraflex-type stent by
knitting poly-l -lactic acid monofilaments.
RESULTS: Two cases were esophageal stenosis caused
by drinking of caustic liquid, 4 cases were due to
surgical resection of esophageal cancers, and 7 cases
were patients with esophageal cancer who received the
preventive placement of biodegradable stents for postendoscopic mucosal dissection (ESD) stenosis. The
preventive placement was performed within 2 to 3 d
after ESD. In 10 of the 13 cases, spontaneous migration
of the stents occurred between 10 to 21 d after
placement. In these cases, the migrated stents were
excreted with the feces, and no obstructive complications
were experienced. In 3 cases, the stents remained at the
proper location on d 21 after placement. No symptoms
of re-stenosis were observed within the follow-up period
of 7 mo to 2 years. Further treatment with balloon
dilatation or replacement of the biodegradable stent was
not required.
CONCLUSION: Biodegradable stents were useful for the
treatment of benign esophageal stenosis, particularly for
the prevention of post-ESD stenosis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The placement of self-expanding metallic stents is
routinely used to maintain esophageal patency in patients
with malignancy that either have non-resectable disease
or are poor candidates for surgery[1-3]. Many reports have
documented the clinical effectiveness of these tools,
particularly covered metallic stents [2,3] . However, the
usefulness of metallic stents for benign stenosis is limited
due to relatively little information regarding their longterm complications, including migration, the formation
of new strictures, fistula formation and hyperplastic tissue
reactions[1,4,5].
Since the cause of benign esophageal stenosis does not
directly affect the patients’ prognosis, it is more important
to prevent the incidence of long-term complications[4]. It
is highly desirable to develop a stent that could be kept in
the proper position during the repair process, and then be
easily removed, thus avoiding re-stenosis. In other words,
if a stent could be constructed from a biodegradable
material, then a subsequent stent removal operation would
not be necessary[6,7]. The degradable nature of the stent
would prevent serious long-term complications.
In Japan, the majority of esophageal cancers are
squamous cell carcinomas[8]. Since it has been reported
that lymph node metastasis is rare in esophageal mucosal
cancers, endoscopic treatment for esophageal mucosal
cancers such as endoscopic submucosal dissection (ESD)
is recommended in Japan[8]. ESD is a recently-developed
technique, and makes it possible to perform an en bloc
resection of a mucosal lesion. The quality of life after an
endoscopic resection is also much better than that after an
esophagectomy. However, a mucosal resection over 75%
www.wjgnet.com
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of the circumference sometimes causes stenotic changes,
and requires balloon dilatation[8].
Recently, we developed an Ultraflex-type biodegradable
stent by knitting poly-l-lactic acid (PLLA) monofilaments
together for the treatment of patients with benign
gastrointestinal tract stenosis[9]. PLLA has been used for
orthopedic applications in humans, and has generally been
found to be bio-absorbed over a few months[7,10-13]. The
radial force of this biodegradable stent was comparable to
that of commercially available metallic stents[9]. Here, we
report 13 cases with benign esophageal stenosis that were
treated with biodegradable stents. These cases include
benign esophageal stenosis due to drinking of caustic
liquid in an attempt to commit suicide and anastomosis
after surgical resection for esophageal cancer. Seven cases
of preventive placement of biodegradable stents for postESD stenosis were also included.
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MATERIALS AND METHODS
Description of the stent and endoscopic implantation
The PLLA esophageal stent (Tanaka-Marui stent; Marui
Textile Machinery Co., Ltd., Osaka, Japan) is composed of
a PLLA monofilament (molecular mass 183 kD, diameter
0.23 mm) with a machine knitted design like an ultra flex
metallic stent (Figure 1A). The length and diameter of
the PLLA stent was designed according to the esophageal
lesion of each individual patient. One end of the PLLA
stent was tied into a 5 mm diameter by silk sutures, and
the PLLA stent was fitted over an endoscope (Figure 1B).
The radial force of the biodegradable stent was 117 gf[9],
and this is comparable to commercially available metallic
stents[9].
The ethics committee of the Shiga University of Medical
Science approved this project, and written informed consent
was obtained from each patient.
Procedure of biodegradable stent placement
A 64-year-old man was admitted to the Shiga University
Hospital (Otsu, Japan) due to an early squamous
esophageal cancer in the middle esophagus. The lesion
was 40 mm in diameter on the posterior wall (Figure 2A).
The lesion occupied 75% of the circumference, and
endoscopic ultrasound sonography indicated that the
depth of invasion did not reach the muscularis mucosa.
According to the patient’s request, ESD was performed[8].
The lesion was resected en bloc, and the mucosal defect
was seven eighths of the circumference (Figure 2B). As
shown in Figure 2C, to prevent an occurrence of stenosis,
the PLLA esophageal stent was placed on the next day.
The PLLA esophageal stent was fitted over a fiberscope
and inserted through the resected portion. When the tip
of the endoscope reached 20 mm from the caudal side
of the resected portion, the PLLA stent was released by
pulling it out from the fiberscope (Figure 2C). The rostral
end of the PLLA stent was fixed to the esophageal wall
by 5 endoscopic clips (HX-110LR; Olympus medical
System Corp. Tokyo, Japan) (Figure 2D), and then the silk
suture at the distal margin was cut by scissor forceps (FS3L-1; Olympus). A follow-up study 6 month later showed
sufficient patency in the resected portion (Figure 2E).
www.wjgnet.com

Figure 1 The PLLA esophageal stent (Tanaka-Marui stent; Marui Textile
Machinery Co., Ltd., Osaka, Japan). A: One end of the PLLA stent was tied into a
5 mm diameter by silk sutures; B: The stent was fitted over an endoscope.

RESULTS
As shown in Table 1, 13 patients with benign esophageal
stenosis were treated with biodegradable stent. Case 1
and 2 were esophageal stenosis caused by the drinking
of caustic liquid. Case 3 to 6 were esophageal stenosis
caused by surgical resection for esophageal cancer. These
6 cases (case 1 to 6) received a repeated balloon dilatation
before treatment with the biodegradable stent. Cases 7 to
13 were preventive placement of the biodegradable stent
for post ESD stenosis. In these patients mucosal defect
by ESD was over 75% of the circumference, and stenotic
changes were highly supposed. The preventive placement
of biodegradable stent was performed with 2 to 3 d after
ESD. In 10 of the 13 cases, spontaneous migration of
stents occurred between 10 to 21 d after placement. In
these cases, the migrated stents were excreted with feces,
and no obstructive complication was experienced. In 3
cases, the stents remained at their proper position until 21
d after placement. The follow-up period of these patients
was between 7 mo to 2 years, and no patient complained
of symptoms of re-stenosis. In cases 1 to 6, further
treatment with balloon dilatation was not required.

DISCUSSION
Metallic stents are effective for treating malignant stenoses
of various tract organs. Metallic stents are less invasive,
but various complications such as perforation, bleeding,
migration, tumor in-growth and foreign body reactions
have been reported[1,2]. In cases with serious complications,
surgical removal of the metallic stent is required[14]. Based
on this notion, considerable effort should be devoted to
avoiding serious complications in patients with benign
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Figure 2 Endoscopic findings of the PLLA stent. A: Endoscopic findings of early esophageal cancer with iodine staining; B: The mucosal defect after ESD; C: The released
PLLA stent; D: Fixation of the rostral side by endoscopic clips; and E: The view at 6 mo of follow-up.

Table1 Cases of benign esophageal stenosis
No Initial Age Sex Cause of esopahgeal stenosis
1 KK
2 HT
3 OM
4 KG
5 TH
6 YT
7 MT
8 NK
9 KM
10 IY
11 SN
12 NS
13 YT

19
15
64
67
61
51
62
77
77
75
65
64
61

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

Drinking of caustic liquid
Drinking of caustic liquid
Surgical resection of esophageal cancer
Surgical resection of esophageal cancer
Surgical resection of esophageal cancer
Surgical resection of esophageal cancer
Post ESD for esophageal cancer
Post ESD for esophageal cancer
Post ESD for esophageal cancer
Post ESD for esophageal cancer
Post ESD for esophageal cancer
Post ESD for esophageal cancer
Post ESD for esophageal cancer

Observed
period (yr)
1.7
1.0
1.2
2.0
0.6
0.6
1.2
1.2
1.0
0.7
0.6
1.4
0..6

ESD: endoscopic submucosal dissection.

esophageal stenosis, because their prognoses are good with
an expected long-term survival. If the stents gradually
degrade while maintaining their dilatation force, they would
be ideal treatments for patients with benign esophageal
stenosis.
Recently, stents composed of biodegradable materials
such as polylactic acids have been developed for treating
patients with benign stenosis[10,11,15]. The aforementioned
biodegradable materials have proven to be biologically
safe and have been used in various medical devices such
as surgical sutures and bone nails. Experimental and
clinical studies have also confirmed that dilation using
biodegradable stents is effective for treating various

stenotic lesions [13,15-17]. The characteristic features of
biodegradable stents, their solubility and natural absorption
after a certain time period, may prevent the serious
complications reported for the use of metallic stents[2].
Furthermore, biodegradable stents are expected to be
used as drug delivery systems[18,19] and numerous studies
regarding drug delivery by biodegradable stents are in
progress[15,18,19].
Benign gastrointestinal strictures are usually managed
by maintaining an unobstructed passage with periodic
balloon dilatation. If the strictures do not respond to these
therapies, surgical resection is considered. With advances
in endoscopic intervention, a variety of new techniques
have been developed. For examples the injection of
corticosteroids into the stenotic portion under endoscopic
guidance has been used to prevent stenosis by blocking
the progression of fibrosis[20,21]. An endoscopic incision
of the stenotic wall has also been attempted[21]. However,
metallic stents are not suitable for benign stenotic lesions
in the gastrointestinal tract because they cannot be easily
removed, and therefore may cause serious unavoidable
complications during long-term use.
In this study, we presented 13 cases treated with the
biodegradable stent. Six cases (cases 1 to 6) received
a repeated balloon dilatation before placement of the
biodegradable stent, but no further treatment was required
after biodegradable stent implantation. In 10 of the 13
cases, spontaneous migration of the stents occurred
between 10 to 21 d after placement. This may be due to
a loss of patency as the stents degrade. In these cases,
the migrated stent was excreted with the feces, and no
obstructive complication was experienced. However, as
www.wjgnet.com
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one possible complication careful attention should be paid
to potential bowel obstruction caused by the migrated
stent. The follow-up period of these patients was between
6 mo to 2 years, and no patients complained of symptoms
of re-stenosis. These findings support the effectiveness
of this novel developed biodegradable stent for benign
esophageal stenosis.
There are an increasing number of patients with early
esophageal cancers who receive complete resection by
endoscopic procedures such as ESD[8]. This treatment is
less invasive than traditional surgical approaches, but when
the mucosal defect covers over 75% of the circumference,
then stenosis frequently occurs[8]. A mucosal defect that
covers the entire circumference always causes stenosis.
Thus, the number of patients with esophageal stenosis
after ESD is increasing, and these patients are sometimes
resistant to repeated balloon dilatation. In these patients,
the application of biodegradable esophageal stents as a
tool for preventing of stenosis seems to be reasonable. We
usually place the stents in patients with the mucosal defect
of over 75% of the circumference. Our data showed
that placement of the biodegradable stents with 2 to 3 d
after ESD effectively prevented ESD-related stenosis.
This suggests that early phase of repair process plays an
important role in the progression of stenosis. A detailed
clinical follow-up of the biodegradable stent should be
performed over a longer period.
In conclusion, this study demonstrated the usefulness
of biodegradable stents for treating patients with benign
esophagal stenoses. The biodegradable stents exerted
sufficient dilation force and were safe for clinical use. In
particular, these were useful for the prevention of post
ESD stenosis. A long-term follow-up with more patients
should be performed to assess the effectiveness of these
biodegradable stents in the future.
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Abstract
AIM: To evaluate the effectiveness of endoscopic
submucosal dissection using an insulation-tipped
diathermic knife (IT-ESD) for the treatment of patients
with over 20 mm early gastric cancer (EGC).
METHODS: A total of 112 patients with over 10 mm
EGC were treated with IT-ESD at Sumitomo Besshi
Hospital and Shikoku Cancer Center in the 5 year period
from January 2002 to December 2006, including 40
patients with over 20 mm EGC. We compared patient
backgrounds, the one-piece resection rate, complete
resection (CR) rate, operation time, bleeding rate,
perforation rate between patients with over 20 mm EGC
[over 20 mm group (21-40 mm)] and the remaining
patients (under 20 mm group).
RESULTS: We found no significant difference in the
rate of underlying cardiopulmonary disease (over 20
mm group vs under 20 mm group, 5.0% vs 5.6%), onepiece resection rate (95% vs 96%), CR rate (85% vs
89%), operation time (72.3 min vs 66.5 min), bleeding
rate (5% vs 4.2%), and perforation rate (0% vs 1.4%)
between the 2 groups. Three patients in each group had
submucosal invasion and two in each groups underwent
additional surgery.
CONCLUSION: There was no significant difference
in the outcome resulting from IT-ESD between the
2 groups. Our study proves that IT-ESD is a feasible
treatment for patients with over 20 mm mucosal gastric
cancer although the long-term outcome should be
evaluated in the future.
© 2007 WJG . All rights reserved.

Key words: Gastric cancer; Endoscopic mucosal resection;
Insulation-tipped diathermic knife; Complication
Hirasaki S, Kanzaki H, Matsubara M, Fujita K, Ikeda F,
Taniguchi H, Yumoto E, Suzuki S. Treatment of over 20 mm
gastric cancer by endoscopic submucosal dissection using
an insulation-tipped diathermic knife. World J Gastroenterol
2007; 13(29): 3981-3984

http://www.wjgnet.com/1007-9327/13/3981.asp

INTRODUCTION
Endoscopic mucosal resection (EMR) of early gastric
cancer (EGC) is effective for the treatment of mucosal
malignancies, but one-piece resection is often not
achieved by conventional EMR[1]. Endoscopic submucosal
dissection (ESD) techniques using a variety of knives,
such as the insulation-tipped diathermic knife (IT-knife),
hook knife or flex knife, have been developed in Japan[2,3]
and high one-piece resection rates have been reported[1,3].
Recently, expanded criteria for ESD have been proposed
and many patients with over 20 mm EGC undergo ESD
in clinical research in Japan. The purpose of this study was
to evaluate the effectiveness of ESD using an insulationtipped diathermic knife (IT-ESD) for patients with over 20
mm EGC.

MATERIALS AND METHODS
We retrospectively reviewed the records of patients
admitted to Sumitomo Besshi Hospital and Shikoku
Cancer Center with gastric cancer between January 2002
and December 2006. Patients admitted during this period
were divided into an over 20 mm group (21-40 mm) and an
under 20 mm group (11-20 mm) according to the size of
the tumor. Patients whose tumor sizes were 20 mm were
included in the under 20 mm group. Patients backgrounds,
the one-piece resection rate, complete resection (CR) rate,
operation times, bleeding rate, and perforation rate were
compared among the groups. We had already treated more
than 100 EGC patients (10 mm or less) with IT-ESD;
however, they were excluded from this study, because small
tumors could be completely removed by conventional
EMR method. Patients with severe underlying disease
www.wjgnet.com
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such as heart disease, respiratory disease, liver disease, or
bleeding tendency were excluded from the indication of
ESD in our institute; however, those severe underlying
diseases have not been observed in patients included
in this study. Patients taking drugs to promote bleeding
such as ticlopidine, aspirin or warfarin underwent ESD
after a definite term of drug discontinuance. All patients
fulfilled the following criteria: (1) diagnosed with mucosal
gastric carcinoma by endoscopic findings or endoscopic
ultrasonography, (2) had a biopsy specimen obtained from
the lesion that revealed differentiated adenocarcinoma, (3)
did not have ulceration of the lesion, and (4) the diameter
of their lesion was 40 mm or less. No patients with
aforementioned conditions who underwent endoscopic
therapy other than ESD such as laser therapy were
included. In our institute, if the size of the mucosal cancer
is over 20 mm up to 40 mm in diameter, the patient can
undergo ESD if they wish. The performance status (PS)
of each patient was less than 2 on the Eastern Cooperative
Oncology Group (ECOG) scale. IT-ESD was performed
under informed consent. Two highly skilled endoscopists
familiar with ESD performed IT-ESD in this study.
IT-ESD technique
IT-ESD was performed as we previously described[3,4]: (1)
marks were made at several points along the outline of
the lesion with a coagulation current, using a marking tip
(Type KD-1L; Olympus) (Figure 1A), (2) an injection of 20
mL of saline containing 0.0025% epinephrine was carried
out just outside the marks to prevent perforation until the
mucosa around the lesion was raised, (3) a hole (about
2 mm) for inserting the ceramic ball of the IT-knife into
the submucosal layer was made with hot biopsy forceps
on the raised mucosa, (4) starting from the hole made by
the hot biopsy forceps, the mucosa just outside the marks
with the IT-knife was incised, (5) after completion of the
IT-knife cut around the lesion with a safe lateral margin
(Figure 1B), the submucosal tissue under the circumcised
area was abraded with it (Figure 1C), (6) as the abrasion
made progress, the circumcised area shrank gradually, (7) the
specimen was then either completely resected using the ITknife (Figure 1D), or finally removed using a conventional
polypectomy snare if it was attached only to a pedicle. In
more than half of the patients in this study, we removed the
lesions with an IT-knife and without using snaring.
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Histological assessment
A gastrointestinal pathologist evaluated the ESD specimens
with special attention to the depth of tumor invasion and
the lateral and deep margins of the excision. Resected
specimens were cut into 2 mm slices according to the
Japanese Classification of Gastric Carcinoma [5] and
evaluated as to whether cancerous glands were present or
absent at the margin of each slice.

Figure 1 The procedure of endoscopic submucosal dissection using an insulationtipped diathermic knife (IT-ESD). A: Marks are made at several points along the
outline of the lesion with a coagulation current; B: Completion of the IT-knife
cutting around the lesion with a safe lateral margin; C: Abrasion of the submucosal
tissue under the circumcised area with IT-knife (white arrow; D: The tumor is
completely resected with IT-knife and without using snaring.

Post ESD pathway
Patients in this study were managed according to the clinical
pathway that we previously reported[3]. Patients underwent
follow-up endoscopic examination the following morning to
prevent delayed bleeding.

Definition of complete and incomplete resection
When one-piece resection could be performed, it was easy
to evaluate the completeness of the resection histologically.
The efficacy of resection was determined according to the
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Figure 2 Clinical courses after
endoscopic submucosal dissection
(ESD) for gastric cancers.

112 early gastric cancers
(size > 10 mm)

40 early gastric cancers
(21-40 mm)

72 early gastric cancers
(11-20 mm)
En bloc 69

Piece-meal 3

En bloc 38

Piece-meal 2

Complete 64

Incomplete 8

Complete 34

Incomplete 6
Submucosal invasion 3

Submucosal invasion 3
Reject surgery 1
Follow-up 70

Surgery 2

Reject surgery 1

Surgery 2

Follow-up 38

completeness of the resection: when the tumor was resected
as a single piece, contained within the mucosal layer and
when the margin was definitely free of tumorous glands,
resection was considered to be complete. Multifragment
resections were defined as incomplete when tumorous
glands were present in 2 or more fragments histologically,
even if endoscopically the lesion had been completely
removed. If the lateral margin of the lesion could not
be evaluated histologically because of the effects of the
electrosurgical current or mechanical damage, the resection
was defined as being incomplete.
Complications
Bleeding and perforation were two major complications of
ESD. Bleeding (delayed bleeding) was defined as clinical
evidence of bleeding as evidenced by hematemesis or
melena at 1-10 days after ESD and requiring endoscopic
treatment in this study.
Statistical analysis
Values are expressed as the mean ± SD. Statistical analysis
was performed using the unpaired Student’s t-test and the
chi-square test. P value of less than 0.05 was considered
significant.

RESULTS
There were 40 patients in the over 20 mm group and 72
in the under 20 mm group (Table 1, Figure 2). The mean
ages were 70.6 ± 8.3 years (range, 54 to 85 years) in the
over 20 mm group and 70.1 ± 8.7 years (range, 45 to 89
years) in the under 20 mm group, respectively. The mean
sizes of the lesions were 27.6 ± 5.7 mm in the over 20
mm group and 14.9 ± 3.2 mm in the under 20 mm group,
respectively, a significant difference between the 2 groups
(P < 0.001). There was no significant difference in the rate
of having underlying cardiopulmonary disease between the
2 groups [2 patients (5.0%) in the over 20 mm group and 4
patients (5.6%) in the under 20 mm group]. There was no
significant difference in the number of patients who had
anticoagulant therapy among the groups, [4 patients (10%)

Table 1 Characteristics and results of clinical data of patients in
the over and under 20 mm groups

Number of patients
Mean age (yr)
Mean size of the lesion (mm)
Frequency of the
cardiopulmonary
underlying disease (%)
Frequency of the
anticoagulant therapy (%)
One piece resection rate (%)
Complete resection rate (%)
Operation time (min)
Complications
Rate of bleeding (%)
Rate of perforation (%)
Depth of invasion
(mucosa:submucosa)

P

Over 20 mm
group
(21-40 mm)

Under 20 mm
group
(11-20 mm)

40
70.6 ± 5.7
27.6 ± 5.7
5.0

72
70.1 ± 8.7
14.9 ± 3.2
5.6

NS
< 0.001
NS

10

11

NS

95
85
72.3 ± 46.8

96
89
66.5 ± 59.7

NS
NS
NS

5
0
37:3

4.2
1.4
69:3

NS
NS

NS: not significant.

in the over 20 mm group versus 8 patients (11%) in the
under 20 mm group]. There was no significant difference
in the one-piece resection rate among the groups (95% in
the over 20 mm group versus 96% in the under 20 mm
group). The one-piece resection rate was over 90% even if
the tumor size was over 20 mm. There was no significant
difference in the CR rate among the groups (85% in
the over 20 mm group versus 89% in the under 20 mm
group). The mean operation time was 72.3 ± 46.8 min for
the over 20 mm group and 66.5 ± 59.7 min for the under
20 mm group, respectively. There were 5 cases of bleeding
after IT-ESD: 2 (5%) in the over 20 mm group and 3
(4.2%) in the under 20 mm group, but no patient needed
further surgery. Perforation occurred in one patient in the
under 20 mm group and no patient needed further surgery.
Fourteen patients were judged as incomplete resection.
The margin of the fragment was positive for tumor or the
lateral margin of the lesion could not be evaluated because
of the effects of the electrosurgical current in 5 patients
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(3 in the over 20 mm group and 2 in the under 20 mm
group). Among these 5 patients, no patients underwent
additional laser or surgical therapy, although they have
remained under close periodic observation. Six patients
(3 in the over 20 mm group and 3 in the under 20 mm
group) were judged as having submucosal invasion and 4
underwent additional surgery. The remaining 2 cases (one
in each group) refused surgery and they have been under
close periodic observation.

DISCUSSION
EMR has become a standard treatment for intramucosal
gastric cancer because it is less invasive for patients
compared with surgical resection. To achieve cure by EMR,
one-piece resection is optimal for all lesions because it may
reduce the local recurrence rate. It is easier to remove a
tumor larger than 10 mm in diameter with ESD techniques
using an IT-knife than with the usual strip biopsy method.
In the present study, the one-piece resection rate and
CR rate were high for large lesions including those over
20 mm. The CR rate of 88% (98/112) in the present
series of patients is higher than that previously reported
by Miyamoto et al[6] and Imagawa et al[7]. The reason why
the one-piece resection rate and CR rate were higher in
our study than in that of Miyamoto et al[6] and Imagawa
et al[7] might be as follows: (1) we adequately abraded the
submucosal tissue under the lesion before snaring, and
(2) in more than half of the patients in this study, direct
dissection of the submucosal layer was carried out with an
IT-knife until complete removal had been achieved.
Also, in the present study, PS for all patients was less
than 2, and no patient had severe underlying diseases that
might affect the result of IT-ESD in both groups. There
were no patients in whom the circulatory and respiratory
states were worsened during ESD even if the patients had
over 20 mm lesions. We should pay particular attention
to patients with hypertension or anticoagulation therapy
before or during ESD because they are related to bleeding
during IT-ESD or operation time[8]. The good result of ITESD in the over 20 mm group in this study might be due
to the small number of patients having anticoagulation
therapy.
The operation time for IT-ESD was longer than that of
EMR using conventional methods[3,8]. The reason why ITESD takes longer than conventional methods might be as
follows: (1) complicated operation of the IT-knife on the
abrasion of the submucosal tissue and (2) a high frequency
of bleeding. However, it might be worth trying as the
first therapy for treating patients with mucosal gastric
cancer because of its high one-piece resection rate [1,6].
In our study, there was no significant difference in the
operation time among the groups because highly skilled
endoscopists familiar with ESD conducted all procedures.
The delayed bleeding frequency was 4.5% (5/112) which
was lower than Onozato et al[9] who reported it as high as
7.6% because we prevented delayed bleeding by followup endoscopic examination according to the clinical
pathway[3]. No patient developed delayed bleeding by one
year post procedure. The perforation rate was 0.9% (1/112)
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in this study and no patient needed surgery. It is necessary
to pay particular attention to perforations [10] because
Ohkuwa et al[1], Fujishiro et al[10], Ono et al[11] and Imagawa
et al[7] reported that the incidence of perforation with ITESD is 5%-6.1%, although the perforation frequency in
the present study was extremely lower than that of the
aforementioned 4 reports.
In conclusion, there was no significant difference in the
result of ESD (one-piece resection rate, CR rate, operation
time, bleeding rate, and perforation rate) between the over
20 mm group and the under 20 mm group. Our study
proved that ESD is a feasible treatment for patients with
over 20 mm mucosal gastric cancer for which their PS is
less than 2, although the long-term outcome should be
evaluated in the future.
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Abstract
AIM: To characterize the bifidobacterial microbiota
of the colonic mucosa in patients with colon cancer,
inflammatory bowel disease or diverticulitis.
METHODS: A sample of the distal colonic mucosa
was taken during surgery from a total of 34 patients,
twenty-one with diagnosed colorectal cancer, nine
with diverticulitis and four with inflammatory bowel
disease, requiring surgery for their condition. Bacterial
DNA was extracted from the resected mucosal samples
and bifidobacterial mucosa-associated microbiota was
qualitatively and quantitatively determined by means of
qualitative and quantitative PCR.
RESULTS: Bifidobacteria were found in 100% of the
samples from patients with diverticulitis or IBD and
a 76% of those suffering colon cancer. The species
B. longum and B. bifidum were the most widely
found, followed by B. animalis , B. catenulatum and B.
adolescentis . B. breve , B. dentium and B. angulatum
were not detected in any sample. A significantly higher
occurrence of B. longum was observed in patients
with diverticulitis than in those with colon cancer or
IBD (100%, 62% and 75%, respectively, P < 0.05).
Similar results were obtained for B. animalis (56%, 0%
and 25%, P < 0.05), while B. adolescentis was only
found in the mucosa from patients with colon cancer
(5 out of 21, 24%). At the quantitative level, patients

with colon cancer or IBD showed lower counts of total

Bifidobacterium (4.94 and 5.91 vs 6.96 log Cells/sample,
respectively, P < 0.05) and of the species B. longum (4.05
and 4.79 vs 6.76, P < 0.05) than those with diverticulitis.
CONCLUSION: Aberrancies in mucosa associated
microbiota are present in different intestinal diseases.
This may indicate a role of the microbiota in the
pathogenesis of these diseases.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The microbiota present in the human gastrointestinal
tract has a significant influence on our health and wellbeing. Different bacterial groups and levels are found
throughout the gastrointestinal tract from mouth to colon.
The stomach and the upper bowel are sparsely populated
regions (10 3 -10 4 CFU/g contents) while the colon is
heavily populated (10 11-10 12 CFU/g contents). In the
large intestine, genera such as Bacteriodes, Bifidobacterium,
Eubacterium, Clostridium, Fusobacterium and Ruminococcus are
usually found. This intestinal microbiota provides the most
important contact with the environment for the host and a
barrier against harmful food components and pathogenic
bacteria[1,2]. The microbiota has also been shown to have a
direct impact on the morphology of the gut[3] and it plays
an important role in the intestinal immuno-physiological
regulation. A healthy microbiota can thus be defined as the
normal individual microbiota which both preserves and
promotes well-being and absence of disease, especially in
the gastrointestinal tract, but also beyond[4].
Major dysfunctions of the gastrointestinal tract are
thought to be related to disturbances or aberrancies of
the intestinal microbiota[5]. Such aberrancies have been
www.wjgnet.com
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identified in atopic disease[6], rheumatoid arthritis[7], juvenile
chronic arthritis [8] , ankylosing spondylitis [9] , irritable
bowel syndrome (IBS)[10,11], inflammatory bowel disease
(IBD)[12,13], colon cancer[14] and diverticulitis patients[15].
Specifically, aberrancies in bifidobacterial microbiota,
including decreased numbers or an atypical composition
have been identified in some of these diseases including
atopic disease[6,16], IBS[11] or IBD[12,17,18]. Many diseases and
their prevention can thus be linked to the microbiota in
the gut. Demonstration of this has stimulated research on
the composition and function of the microbiota.
Microbiota development and characterization in
the human host still rests largely on culture-dependent
methods. T hese conventional methods have low
sensitivity and they are time consuming and biased due
to the recovery of only the culturable species or strains.
These facts can lead to overestimation of some species
and underestimation of others. Thus, during the last
decade, developments in molecular biology have led to
the application of fast and reliable alternative cultureindependent methods[19].
Mucosal surfaces are the major sites of contact with
external agents including the members of the intestinal
microbiota. However, our knowledge on gut microbiota
is mainly based in the assessment of faeces and therefore
hindered by the fact that the microbes found will mainly
represent the microbiota in the lumen of the sigmoid
colon, while the composition of the intestinal microbiota
may differ between the lumen and the mucosa [20]. For
more accurate information on the population elsewhere
in the intestine, samples should preferably be taken by
endoscopies or during surgery.
Taking into account the possible role of intestinal
microbiota in the aetiology of different intestinal diseases,
culture-independent studies are needed to elucidate
changes in the microbiota of the intestinal mucosa. In
this study we characterized the bifidobacterial microbiota
of the colonic mucosa in patients with colon cancer,
diverticulitis or IBD. The bifidobacterial microbiota
was used as an indicator of alterations in the mucosal
colonisation pattern. For this purpose the mucosal
Bifidobacterium levels and composition were determined by
means of quantitative and qualitative PCR.

MATERIALS AND METHODS
Patients and samples
A total of 34 patients, twenty-one with diagnosed colorectal
cancer, nine with diverticulitis and four with IBD requiring
surgery for their condition were explained the study and
the subjects gave informed consent for a sample taken
during surgery for research purposes. The study protocol
was approved by the Joint Committee of Ethics for the
University of Turku and Turku University Hospital.
DNA extraction
The resected mucosal biopsies (area = 0.785 cm2) from
the distal colon of patients were cut into small pieces,
resuspended in 1.4 mL of buffer ASL (QIAamp DNA
stool Mini kit, Qiagen, Hilden, Germany), vortexed
thoroughly and used for the DNA extraction by using the
www.wjgnet.com
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QIAamp DNA stool Mini kit following the manufacturer’s
instructions for gram-positive bacteria. DNA extracts were
stored at -20℃ until its use.
Qualitative PCR
For the characterization of the bifidobacterial microbiota,
previously described PCR primers targeting total members
of the genus [21] and different Bifidobacterium species or
groups[22], including B. adolescentis, B. angulatum, B. animalis
group (B. animalis ssp. animalis and B. animalis ssp. lactis),
B. bifidum, B breve, B. catenulatum group (B. catenulatum
and B. pseudocatenulatum), B. dentium and B. longum group
(B. longum biotype longum, B. longum biotype infantis) were
used as described by Rinne and coworkers[22]. All of the
oligonucleotides used were purchased from Thermo
Electron Corporation (Ther mo Biosciences, Ulm,
Germany). Amplification of the DNA was performed
using a PCR iCycler apparatus (Bio-Rad, Espoo, Finland).
The total volume of each PCR was 50 µL, employing 4 µL
of DNA extract as a template. Amplified products were
subjected to gel electrophoresis in 1% agarose gels and
were visualized by ethidium bromide staining. DNA
extracts were analyzed in two independent PCR runs.
Quantitative PCR
Total bifidobacterial levels as well as the levels of the most
frequently found species (B. longum group and B. bifidum)
were determined by means of quantitative PCR. Previously
reported oligonucleotides and methodologies were used to
determine the total levels of bifidobacteria[21] and those of
B. longum and B. bifidum[23]. For standard curves, different
dilutions of microbial cultures from the appropriate
bifidobacterial strains (B. infantis and B. longum or B. bifidum;
cell numbers ranging from 1 × 104 to 4 × 109 cells/mL)
were used for the DNA extraction with the QIAamp DNA
stool Mini Kit (Qiagen). Samples (2 µL) were analyzed in
50 µL amplification reactions by using the procedures and
conditions previously described[21,23]. The numbers of cells
of Bifidobacterium in the fecal samples were determined by
comparing the Ct values obtained to the standard curve.
DNA extracts from the different samples were analyzed by
duplicate in at least two independent PCR runs.
Statistical analyses
Statistical analysis was carried out using the SPSS 12.0
software (SPSS Inc., Chicago, IL, USA). χ2 test was used
to compare proportions between groups. Data on bacterial
levels were subjected to one-way ANOVA using the disease
group as factor with three categories; colorectal cancer,
diverticulitis and IBD. The least significant difference (LSD)
test was used for comparison of means.

RESULTS
Qualitative Bifidobacterium composition
The occurrence of the genus Bifidobacterium and the
different bifidobacterial species or groups in the mucosal
samples analysed are shown in Figure 1. Members of
the genus Bifidobacterium were present in all the samples
corresponding to patients with diverticulitis or IBD but
only in a 76% of the mucosa samples from colorectal
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Table 1 Levels of total bifidobacteria, B. longum , B. bifidum
as well as B. longum /total bifidobacteria ratio in the different
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Colorectal
4.94 ± 0.40a
cancer (n = 21)
Diverticulitis 6.96 ± 0.26a
(n = 9)
IBD (n = 4)
5.91 ± 0.72a
a

4.05 ± 0.37a 3.21 ± 0.28

0.21 ± 0.06a

6.76 ± 0.35a 2.95 ± 0.42

0.66 ± 0.14a

4.49 ± 0.85a 3.68 ± 0.66
a
NS

0.07 ± 0.03a
a

a

P < 0.05.

Bifidobacterial group/Species

Figure 1 Occurrence (%) of the different bifidobacterial groups and species in the
analysed mucosal samples (n = 34). Significantly higher than the other two patient
groups (aP < 0.05).

cancer patients (n.s. differences).
B. longum group followed by B. bifidum were the
species most widely found while B. breve, B. dentium and B.
angulatum were not detected in any sample. A significantly
higher occurrence of B. longum was observed in patients
with diverticulitis (Figure 1) than in those suffering a
different disease (100% vs 62% in colorectal cancer and
75% in IBD patients, P < 0.05). Interestingly, a significantly
higher occurrence of B. animalis was also found in these
patients (56%) than in those suffering from colorectal
cancer (0%) or IBD (25%) (P < 0.05). B. adolescentis was
only found in colorectal cancer patients (5 out of 21;
24%). The occurrence of B. bifidum was slightly higher
in the mucosa of IBD patients (75%) than in those with
colorectal cancer (52%) or diverticulitis (44%) although the
differences were not statistically significant.
Quantitative assessment of the bifidobacterial population
The levels of total bifidobacteria as well as those of
the most widely found Bifidobacterium species or groups
(B. longum and B. bifidum) are shown in Table 1.
The levels of bifidobacteria in the mucosa samples of
patients with colorectal cancer or IBD were significantly
lower (2.02 and 1.05 log Cells/sample, respectively) than
those observed in diverticulitis patients. The same was
observed for B. longum while no differences among the
three groups were found for the other Bifidobacterium
species tested (B. bifidum). A significantly higher ratio
between B. longum and total bifidobacteria was also
observed in samples of patients with diverticulitis than in
those with colorectal cancer or IBD (Table 1).

DISCUSSION
Here we studied the bifidobacterial mucosa-associated
bifidobacteria in patients with colorectal cancer, diverticulitis
or IBD. The qualitative bifidobacterial composition of
the distal colon mucosa was characterized and the levels
of the predominant Bifidobacterium species determined,
showing a different microbiota composition in the different
disease groups tested. The findings obtained using culture-

independent techniques support the hypothesis that
colorectal bacteria may play a role in the pathogenesis of
several intestinal diseases.
Traditionally faecal samples have been used to assess
the intestinal microbiota but the representativness of
these to processes in the colon can be criticized. Mucosaassociated bacteria may be more reflective of the long
term milieu in the colon wall and therefore prove to be a
better indicator of disease-related microbiota aberrancies,
as these microorganisms may have a stronger interaction
with the host cells.
Only a few studies with mucosal samples have been
conducted in both healthy individuals and patients[24,25].
In this area, the mucosal microbiota of patients suffering
inflammatory conditions such as IBS and IBD is the most
widely characterized.
When mucosal samples from patients with IBD were
analysed and compared with those of healthy controls,
lower levels of bifidobacteria and higher of Clostridium and
Escherichia coli were observed in the former group[18]. In
addition, reduced levels of bifidobacteria in the colorectal
mucosa of patients with ulcerative colitis (a manifestation
of IBD) have also been reported[26]. In general, our results
on the occurrence and levels of total Bifidobacterium are in
the range of those reported by Poxton and co-workers[25]
in patients with ulcerative colitis. However, our study
extends these observations to the level of Bifidobacterium
species and differences in the species composition which
may more accurately reflect the intestinal microbiota
activity. Although the number of patients included in this
study is too low to establish firm conclusions, our results
indicate differences in the presence of B. longum and B.
animalis among the distal colonic mucosa of patients with
different diseases. Also the levels of B. longum and its ratio
with regard to the total bifidobacterial levels were found to
be different.
Unfortunately, samples from healthy controls were
not available for comparison but our results indicate
that the intestinal mucosal microbiota is altered in
different diseases. Patients with colorectal cancer or IBD
harbor lower levels of total bifidobacteria and especially
B. longum showing a reduced occurrence of B. longum and
also B. animalis in their colonic mucosa when compared to
diverticulitis patients. This may reflect the long time frame
involved with colon cancer development. It may also suggest
that microbiota screening procedures could be developed to
www.wjgnet.com
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identify potential aberrancies that may be correlated to the
colorectal cancer risk of the subject.
A thorough knowledg e of the gut microbiota
composition will offer a basis for future interventional
studies to improve colonic health. To this regard, probiotic
or prebiotic inter vention has been sug gested to be
beneficial in the prevention and treatment of colon cancer
by different mechanisms[26]. A specific probiotic has been
found to modulate the expression of genes involved in
cell growth and differentiation in the intestinal mucosa of
human volunteers[27]. Probiotics have also been successfully
applied in patients with IBD[28,29] or diverticulitis[30].
Several studies indicate that aberrancies in faecal
microbiota are present in different diseases, and our results
strengthen those studies with colonic mucosa data. These
results indicate that the mucosa-associated microbiota
is disturbed in different diseases, as indicated by the
observed alterations in the bifidobacterial microbiota. This
may imply a role of the microbiota in the pathogenesis of
different diseases requiring further characterization in both
patients and subjects at risk of developing specific diseases.
Characterizing the differences in mucosa-associated
bacteria more accurately will increase our understanding of
their role in health and disease and it may provide targets
for intervention and further development in the disease
risk reduction area.
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Abstract
AIM: In order to characterize the qualitative and
quantitative microorganisms in different sites of the
lower digestive tract (LDT) in healthy volunteers, a
specific technique was developed for collecting mucous
of the distal ileum, colon and rectum.
METHODS: A polyethylene tube was designed to go
through the colonoscope channel with a No. 8 French
tube. In order to avoid internal contamination, the distal
extremity was protected with a membrane of microfilm
after being sterilized in ethilene oxid. To facilitate the
aspiration of a precise volume, its interior was coated
with silicone. One hundred microlliter (0.1 mL) sample
of mucous was collected and transferred into an
Eppenddorff tube containing nine hundred microlliter
(0.9 mL) of VMGA-3 (viable medium of Goteborg). This
procedure was repeated at each site of the LDT with a
new sterilized catheter.
RESULTS: All sites revealed the “non pathogenic”
5
anaerobic bacteria Veillonella sp (average 10 colony
forming units/mL-CFU/mL), allowing to conclude an
environment of low oxidation-reduction potential (redox)
in the LDT. It was also characterized the presence of
Klebisiella sp with significant statistical predominance
(SSP) in the ileum. Enterobacter sp was found with SSP
in the sigmoid colon, Bacteroides sp non-pigmented (npg)
and E.coli with SSP in the sigmoid colon and rectum,
Enterococcus sp and Lactobacillus sp with SSP in the
5
rectum, all in a mean concentration of 10 CFU/mL.
CONCLUSION: This procedure is feasible and efficient
and can point out a similar distribution of the aerobic
www.wjgnet.com
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INTRODUCTION
Indigenous microbiota is highly competitive with other
microorganisms in multiplication[1]. Experimental studies
have shown the importance of this microbiota (anaerobes
only) to avoid colonization of transitory microbiota [2],
which is more effective than the protection provided by
immunological mechanisms [3]. However, these studies
were limited to the analysis of only the anaerobic flora,
some segments of the colon utilizing feces samples or
luminal content. Additionally, it is difficult to identify and
quantify anaerobic and/or yeast microorganisms involved
in infectious processes.
The social and practical benefit of investigating
indigenous microbiota is to enable investigators to improve
prophylactic/therapeutic methods when antimicrobials are
used to determine biological markers and to establish a
normal pattern utilized for the analysis of microbiological
behavior in different diseases of the lower digestive tract.
The aim of this study was to analyze prospectively
the indigenous microbiota (qualitative and quantitatively)
at different sites of the lower digestive tract in healthy
volunteers with a standardized method of collecting
intestinal mucous after bowel preparation for colonoscopy
for routine utilization in screening patients.

MATERIALS AND METHODS
T h i s p r o s p e c t ive s t u d y wa s p e r f o r m e d w i t h t h e
participation of the Microbiological Laboratory of the
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Digestive Surgery Division and the Gastrointestinal
Endoscopy Unit of the Hospital das Clínicas of the São
Paulo University - School of Medicine, and Institute of
Biomedical Sciences of the São Paulo University. The
protocol was approved by the Ethics Committee of the
Institution with the support of the São Paulo’s State
Foundation for Research Support (FAPESP).
Volunteers
The study included 24 healthy volunteers (15 females and
9 males) with their age ranging from 18-70 (mean age 53)
years.
Inclusion criteria
All the volunteers gave their written informed consent.
Samples were taken only from those whose colonoscopies
were normal. The volunteers were not on antibiotics and/or
anti-inflammatory medications during the last six months
and had no prior abdominal surgery, history of diabetes,
scleroderma and/or cancer.
Bowel preparation
Liquid diet and intake of four Bisacodil pills were
recommended at the night before examination. On the day
of examination, an adequate volume of 500 mL/L manitol
at 20%[4] diluted in 500 mL of orange juice was given until
the stools became liquid and clear with no residues. Before
examination the patient was sedated with diazepam (up to
10 mg) and meperidine (up to 100 mg).
Equipments
Colonoscopy was performed with an Olympus videocolonoscope using two channels. For collecting mucous,
a catheter specially adapted and developed for this study,
was utilized (Figure 1).
The catheter was made from a polyethylene No.8
French tube. Silicone (Repel-Silane ES, Pharmacia Biotech)
was applied in the lumen of the catheter, to allow and
facilitate a continuous column aspiration of one hundred
microlliter (0.1 mL) of mucous.
The catheter was constructed with a special protection
in the distal extremity, consisting of a microfilm membrane,
which was disregarded when the distal extremity reached
the lumen of the chosen site. This device was developed
in order to avoid contamination of the catheter during its
passage through the operation channel of the colonoscope
and also to facilitate its liberation at the moment of
collecting samples. The catheter’s distal extremity was
marked to orient the right volume (0.1 mL of mucous) to
be collected with a syringe connected to its proximal end.
To collect mucous in each of the predetermined seven
sites of the LDT, a new catheter, previously sterilized
in ethylene oxide was utilized; therefore seven different
catheters were utilized in each volunteer[5,6].
This methodology did not increase significantly the
colonoscopy duration with its time being similar to a
routine examination.
Sampling method
Colonoscopy was performed at least five hours after colonic

Figure 1 Catheter for Sampling Eppenddorff Tube.

preparation. For collecting mucous samples, the catheter
was introduced through the colonoscope operating channel.
Meticulous care was taken not to contaminate the proximal
extremity. After the catheter position was checked, 10 mL
of air was introduced with a sterile syringe to disclose
the microfilm membrane, which was then liberated. The
colonoscope was pulled back slightly and one hundred
microlliter (0.1 mL) of mucous on the opposite wall of the
viscous was collected. This measurement was oriented by
the mark on the distal extremity of the catheter.
The entire catheter was withdrawn and 0.1 mL of
mucous was injected into the Eppenddorff tube with its
external surface disinfected with alcohol before use. This
mucous was gently mixed with 0.9 mL of VMGA-3 (viable
medium of Goteborg) solution [7]. Each procedure was
repeated seven times, and serial samples were collected
from the terminal ileum, cecum, colons (ascending,
transverse, descending and sigmoid) and rectum. The
samples prepared as described above, were sent to the
Microbiological Laboratory, for dilution and plating within
one hour at most.
One hundred microlliter (0.1 mL) of mucous samples
from each serial dilution (10-1-10-9) was plated and cultured
for microaerophylic, aerobic, anaerobic bacteria and yeast
utilizing Chapman-Stone medium (DH Co. St. Louis,
MO, USA), MacConkey agar (DH Co. St. Louis, MO,
USA), Columbia blood agar (Merck Diagnostica, RJ,
Brazil), Sabouraud-agar(Merck Diagnostica, RJ, Brazil),
selective Enterococcus agar (Merck Diagnostica, RJ, Brazil),
phenylethyl alcohol agar (DH Co. St. Louis, MO, USA),
Veillonella medium (DH Co. St. Louis, MO, USA), BHI
(DH Co. St. Louis, MO, USA) + K vitamin + haemin
+ streptomycin, reinforced Clostridium medium (Merck
Diagnostica, RJ, Brazil), Bacteroides fragilis bile-esculin agar
medium (BBE), Bifidobacterium medium, Propionibacterium
medium, BHI (DH Co. St. Louis, MO, USA) + yeast
extract (2.5 mL/L).
After incubation, the microorganisms (bacteria and/or
fungi) were identified and quantified[8].
Statistical analysis
In order to confirm the distribution of each bacterium
in different regions of the LDT, chi square (χ2) test was
employed. The expected frequency (EF) of each bacterium
www.wjgnet.com
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Table 1 Mean concentration and prevalence of microorganisms at each site in the LDT

Microorganisms
Bacillus sp
Bacteroide sp (pig.)
Bacteroides sp (npg)
Bacteroides sp
Bifidobacterium sp
Candida sp
Clostridium rammosum
Clostridium sp (gel -)
Clostridium sp (gel+)
Clostridium sp
Corynebacterium sp
E.coli
Enterobacter cloacae
Enterobacter sp
Enterococcus faecalis
Enterococcus faecium
Enterococcus sp
Eubacterium lentum
Eubacterium sp
Fusobacterium fusiformes
Fusobacterium sp
Klebsiella pneumoniae
Klebsiella sp
Lactobacillus acidophillus
Lactobacillus sp
Leptotrichia sp
Peptococcus anaerobius
Peptococcus assachalyticus
Peptococcus sp
Peptostreptococcus sp
Propionibacterium sp
Proteus
Pseudomonas sp
Rodothorula sp
Selenomonas sp
Staphylococcus sp
Staphylococcus sp (coag -)
Staphylococcus sp (coag +)
Streptococcus sp (coag - )
Streptococcus (gama hem)
Streptococcus sp (alfa hemolítico grupo Viridans)
Veillonella sp (Gel - )
Veillonella sp

Ileum
MC
%
1
9.5
5
4.8
3
47.6
2
4.8
2
9.5
3.5
9.5
1
4.8
4
66.7

Cecum
MC
%
2
4.2

Ascending
MC
%
5
4.2

Transverse
MC
%
3
4.2

5

29.2

4

37.5

2

20.8

3
3

4.2
20.8

5
2
4
2

12.5
4.2
4.2
29.2

4
2
4
3
5
4
4
3

45.8
4.2
45.8
54.2
37.5
4.2
20.8
4.2

5
4
7
3.5
5
1
7
4

50
4.2
4.2
50
45.8
4.2
37.5
4.2

4.5

Colon
Descending
MC
%

Sigmoid
MC %
1
4.3
5
4.3
5
47.8

5

12.5
8.3
16.7
4.2
54.2

4
3

8.7
34.8

58.3

4
4
3
5

5

69.6

4
4.5

41.7
50

4
5

45.8
37.5

5
5

60.9
69.6

29.2
4.2
4.2
58.3

5
1

45.8
4.2

5
4

5

58.3

Rectum
MC
%
3
5
1
5
5
65
3
5
3
5
3
35
7
3
5
5
7

60
5
5
65
80

52.2
8.7

7

35

5

34.8

5

60

8.3
4.2
41.7

3

21.7

4

55

7

69.6

7

65

1
3
5

4.8
57.1
47.6

4
4.5

28.6
9.5

4
4
3.5
3
3.5

38.1
4.8
9.5
4.8
19

2.5

33.3

3.5

33.3

4
3
5
3

2.5

25

3

20.8

4

16.7

5
4
4

76.2
4.8
33.3

4
3
2

54.2
4.2
29.2

6

62.5

5

54.2

4
5
5

37.5

3

25

4.2

43.5
4.3
4.3

70

4

2
1
1

4

4.8
4.8
28.6
9.5
52.4
19
9.5
14.3

33.3
4.2
4.2

3

2
2
2
3
3
3.5
3
4

2.5
1
2

25
8.3
33.3
33.3

3

33.3

25
4.2
29.2
25

3
5
5
7

56.5
13
26.1
34.8

3

35

50
37.5
4.2
12.5

3
1
3
5

5
7

30
30

3

16.7

1

4.3

3.5
2

20
5

5
2

2

8.3

3

21.7

3
3

45
5

2

8.3
2

13

3

5

5

95.7

5

90

2.5

33.3

3
4

20.8
12.5

3
2
4
5

2

20.8

1

4.2

3
5
1
1

4.8
33.3

2
2

4.2
20.8

1.5

8.3

2

20.8

4

14.3

4

16.7

2

8.3

4

90.5

2.5

83.3

4

70.8

3.5
3
4

8.3
8.3
62.5

5

75

MC = mean concentration (CFU/Log10); % = prevalence.

in each region of the LDT was calculated using nonparametric tests[9], therefore the data were referred by the
median, maximum and minimum values.
The cultured results were expressed as colony forming
units/milliliter (CFU/mL) in logarithm base 10 (Log10).
P < 0.05 was considered statistically significant.

RESULTS
The distribution of microorganisms in the LDT was
identified and quantified (Table 1).
In the Ileum 36 genera were identified predominating in a
mean concentration (MC) higher than 104 (CFU/mL): 66.7%
Clostridum sp, 76.2% Klebisiella sp and 90.5% Veillonella sp.
Klebisiella sp was the most prevalent microorganism.
In the cecum 26 genera were identified predominating
in a MC higher than 104 (CFU/mL): 54.2% Klebisiella sp
www.wjgnet.com

and Corynebacterium sp, 45.8% Clostridium sp (gel-) and
83.3% Veillonella sp, with a mean concentration of 102.5
CFU/mL.
In the ascending colon 29 genera were identified
predominating in a MC higher than 104 CFU/mL; 50%
Clostridium sp (gel-), 62.5% Klebisiella sp, 70.8% Veillonella sp.
In the transverse colon 42 genera were identified
predominating in a MC higher than 104 CFU/mL: 58.3%
Clostridium sp (gel-), 62.5% Veillonella sp.
In the descending colon 23 genera were identified
predominating in a MC higher than 104 CFU/mL: 54.2%
Clostridium sp (gel-), 58.3% Enterococcus sp and 75.0%
Veillonella sp.
In the sigmoid colon 24 genera were identified predominating in a MC higher than 10 4 CFU/mL: 69.6%
Clostridium sp, E.coli and Klebiella sp, 95.7% Veillonella sp.
The Bacteróides sp (npg), E.coli, Enterobacter sp and Candida

Quintanilha AG et al . Lower digestive tract microbiota

albicans had a statistically higher prevalence when compared
to the other sites.
In the rectum 28 genera were identified predominating
in a MC higher than 104 CFU/mL: 70.0% Lactobacillus sp,
80.0% E.coli, 90.0% Veillonella sp. Bacteróides sp (npg), E.coli,
Enterococcus sp, Lactobacillus sp and Candida albicans had a
statistically higher prevalence when compared to the other
sites.
Bacteroides sp (npg) was found at all sites. However, it
was more prevalent in the ileum, rectum and sigmoid colon
in MC 105 CFU/mL. The Clostridium sp (gel-) was found at
all sites in more than 50% of the cases, with its MC higher
than 104 CFU/mL, except in the cecum. Corynebacterium sp
was found at all sites with varied MC. E.coli was found at all
sites and was statistically higher in the sigmoid colon and
rectum, with MC higher than 105 CFU/mL. Klebisiella sp and
Veillonella sp were found at all sites, with Klebisiella sp being
statistically higher in the ileum with MC 105 CFU/mL, and
Veillonella sp with MC higher than 104 CFU/mL, except in
the cecum with MC of 102.5 UFC/mL.
Lactobacillus sp was found at all sites with a low
prevalence and MC, being higher in the rectum. Enterobacter
sp, Enterococcus sp and Proteus sp had a low prevalence at all
sites, however with high MC when present. Enterobacter sp
was statistically higher in the sigmoid colon, with its MC
higher than 104 CFU/mL. Enterococcus sp was statistically
higher in the rectum, with its MC being 105 CFU/mL.
Candida sp was found with a low MC and prevalence at
all sites, being statistically higher in the sigmoid colon and
rectum with its MC being 103 CFU/mL. Most of these
genera were found in the rectum. Klebisiella sp, Clostridium
sp (gel-) and Veilonella sp were detected at all sites with a
high MC and prevalence. The main bacterial genera in each
segment are shown in Table 2.

DISCUSSION
Microbiota approach
The development of reproducible and reliable sampling
methods for microbiological studies of the LDT has been
a challenge for many years[10,11]. Shinner[12] developed a
stainless steel capsule which aspirates the jejunal content,
but its use is very complicated. Kalser et al[13] have designed
a double lumen polyvinyl catheter with a mercury weight at
its distal extremity to obtain samples starting 75 cm from
the Treitz ligament to the proximity of the ileo-cecal valve.
Similar methods have been utilized by various authors
in the study of bacterial translocation in critical patients.
The investigation of Belov et al[14] is outstanding. They
evaluated the levels of sepsis mediators (TNF and IL-1) in
the jejunal aspirate from patients in septic shock.
The flora study of the LDT represents a greater
challenge due to the great concentration and variety of
microorganisms in this region. The objective of the first
attempts is to collect stool samples[15-21].
Nevertheless, in this situation it is impossible to
differentiate indigenous from transitory microbiota and
to make a reliable quantitative study of anaerobic or
microaerophylic microorganisms, as to determine the
different prevalence in various segments of the LDT.
Another study utilizing samples collected during
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Table 2 Statistically predominating genera at different sites in
the LDT
Microbiota
Klebisiella sp
Enterobacter sp
E.coli, Enterococcus sp

LDT site
Ileuma
Sigmoida
Rectuma

sp = species; LDT: lower digestive tract; aP < 0.05 vs each of two sites.

laparotomy[22] did not respect the patient’s physiological
conditions and the quantitative studies are also impaired by
different dilutions of the mucous at the time of sampling.
Biopsies through colonoscopy, on the other hand, can
be considered an aggressive procedure, when performed in
healthy patients. Nevertheless, few papers are available in this
field[23-25] and no method of collecting mucous aseptically
has been described. Lack of concrete and reliable data
motivated us to develop a more suitable collecting method.
A special catheter was thus designed for collecting mucous
avoiding biopsies. It can be adapted to the colonoscope,
allowing collection of a sufficient amount of mucous
without dilution and contact with air. The procedure is safe
for the patient as it does not determine lesions or any other
damage to the mucosa.
In this way, Uno et al [26] in 1998 developed a new
catheter protected by a distal rubber covering, which
blocks the infiltration of intestinal content during its
passage through the surgical channel of colonoscope. This
catheter does not work satisfactory as the protective cover
itself contaminates the needle as it is introduced, therefore,
contaminating the aspirate.
This problem was solved in this study by designing a
catheter with the features mentioned in the Method section
with a disposable protective membrane, as proposed by
one of the authors (PRAA), which is easily removed by the
airflow (Figure 1).
The reliability of this method was confirmed by the
uniformity of the results regarding identification of
the flora. Nevertheless, samples were collected during
colonoscopy and bowel preparation was performed
previously.
The impact of this preparation on the microflora
probably promotes a reduction of the concentration
but does not interfere with the quality, or with the final
composition of this microbiota.
Also it must be stressed that the samples were collected
from the mucous area but not from the intestinal lumen.
Other studies also demonstrated[27-29] that repopulation
of the microbiota is approximately five hours after bowel
preparation.
In other hand, up to the present time, a qualitative and
quantitative study of the normal indigenous microbiota of
the LDT has not been described, due to all the mentioned
difficulties, collection methods and microbiological analysis.
Microbiota of the Lower digestive tract
This study revealed more than 36 genera in the LDT,
including the prevalence and concentration of each genus
at ach site of the LDT (Table 1).
www.wjgnet.com
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Thirty-three microorganisms with a mean concentration
of 105 CFU/mL were identified in the terminal ileum.
Among these microorganisms the most constant and
prevalent were Veillonella sp and Klebisiella sp. The latter had
a statistically significant predominance in this region.
A mean concentration of 105 CFU/mL microorganisms
was identified in the cecum with Veillonella sp being the
most constant. A mean concentration of 105 CFU/mL
microorganisms was identified in the ascending colon with
Veillonella sp being the most recurrent. A mean concentration
of 10 5 CFU/mL microorganisms was identified in the
transverse colon, with Veillonella sp and Enterococcus sp
being the most constant. A mean concentration of 10 5
CFU/mL microorganisms was identified in the descending
colon, with Veillonella sp being the most frequent. A mean
concentration of 10 5 CFU/mL microorganisms was
identified in the sigmoid colon, with Veillonella sp, Clostridium
sp, Corynebacterium sp, E.coli, Klebisiella sp and Enterobacter sp
being the most constant. The latter displayed a statistically
significant dominance. A mean concentration of 10 5
CFU/mL microorganisms was identified in the rectum with
Veillonella sp and E.coli the most prevalent and a statistically
significant predominance.
Also the frequent participation of Veillonella sp (mean
concentration 10 5 CFU/mL) was observed at all sites
examined, showing that there is a low oxidation-reduction
(redox) potential in the LDT, since this bacterium lives
only in an anaerobiotic environment (low redox).
It must be also stressed that some results and conventional believes have not been proved in this study, for
example the very low concentration and prevalence of
Lactobacillus sp at all sites. These results might be explained
by the method of sampling using aspirated mucous instead
of stools[29].
Moreover, Lactobacillus sp was only found in the rectum,
and Candida albicans were occasionally found in healthy
volunteers.
Also there was a similar distribution of aerobics and
anaerobic microorganisms, demonstrating that there is no
predominance of anaerobic specimens in the mucous but a
similarity between aerobic and anaerobic bacteria although
the redox potential was low.
Significance and impact of the study
A higher prevalence of the bacteria was found in the
rectum using this standardized sampling method.
The presence of Veillonella sp, Klebisiella sp, Clostridium
sp, E.coli and Corynebacterium sp was observed in specimens
from normal volunteers and could be considered as a
biological marker. In addition, Bacillus sp, Bifidobacterium
sp, Candida sp, Eubacterium sp, Fusobacterium sp, Peptococcus
sp, Peptostreptococcus sp, Propionibacterium sp, Proteus sp,
Pseudomonas sp, Rodothorula sp, Selemonas sp, Staphylococcus
sp, Streptococcus sp practically were not found in the healthy
LDT, suggesting that their identification in significant
concentration could indicate a pathological status.
In conclusion, our sampling method is efficient for
obtaining suitable samples of mucous from the LDT
for qualitative and quantitative microbiological studies.
This methodology creates perspectives for studying and
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determining new criteria and concepts as well as for
standardization of future prophylactive treatment[30] in
gastroenterology.
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Abstract
AIM: To examine the utility of Six Minute Walk Test
(6MWT) in patients with chronic liver disease (CLD).
METHODS: Two hundred and fifty subjects between
the ages of 18 and 80 (mean 47) years performed
6MWT and the Six Minute Walk Distance (6MWD) was
measured.
RESULTS: The subjects were categorized into four
groups. Group A (n = 45) healthy subjects (control);
group B (n = 49) chronic hepatitis B patients; group C
(n = 54) chronic hepatitis C patients; group D (n = 98)
liver cirrhosis patients. The four groups differed in terms
of 6MWDs (P < 0.001). The longest distance walked was
421 ± 47 m by group A, then group B (390 ± 53 m),
group C (357 ± 72 m) and group D (306 ± 111 m).
The 6MWD correlated with age (r = -0.482, P < 0.01),
hemoglobin (r = +0.373, P < 0.001) and albumin
(r = +0.311, P < 0.001) levels. The Child-Pugh
classification was negatively correlated with the 6MWD
in cirrhosis (group D) patients (r = -0.328, P < 0.01).
At the end of a 12 mo follow-up period, 15 of the 98
cirrhosis patients had died from disease complications.
The 6MWD for the surviving cirrhotic patients was longer
than for non-survivors (317 ± 101 vs 245 ± 145 m, P =
0.021; 95% CI 11-132). The 6MWD was found to be an
independent predictor of survival (P = 0.024).
CONCLUSION: 6MWT is a useful tool for assessing
physical function in CLD patients. We suggest that 6MWD
may serve as a prognostic indicator in patients with liver
cirrhosis.
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INTRODUCTION
The assessment of quality of life has a significant impact
on the management of chronic liver disease (CLD)
patients. Several studies have shown that CLD leads to
a reduction in health-related quality of life, particularly
in terms of functional capacity [1-5]. Most such studies
examining functional capacity involve questionnaires such
as the Medical Outcome Study Short Form Questionnaire
(SF-36) and the Chronic Liver Disease Questionnaire
(CLDQ). These questionnaires are exclusively research
tools, and the recording of infor mation from such
questionnaires can be difficult to incorporate into daily
clinical practice. While exercise tests can also be used to
measure functional capacity, the sophisticated techniques
and complex interpretation involved usually mean that
these tests can only be conducted in suitably equipped
laboratories with experienced personnel, which in turn
may only be available in specialized centers.
The Six Minute Walk Test (6MWT) is an easy and
inexpensive sub-maximal exercise test and has been shown
to have good reliability when used to assess functional
capacity. The 6MWT has been used in addition and
sometimes as an alternative to, other diagnostic tools in
patients with chronic cardiac, pulmonary, neuromuscular
or renal diseases[6-11]. Roul and coworkers reported that
the distance walked in six minutes had a sensitivity of
89% and specificity of 60% for predicting the prognosis
and disease outcomes in patients with heart failure [12].
Another study showed that the Six Minute Walk Distance
(6MWD) was an independent predictor of mortality in
patients with chronic obstructive lung diseases[13]. A study
exploring functional performance in 38 end-stage liver
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disease patients found that the 6MWD correlated with
muscle strength and exercise capacity as measured using
cardiopulmonary exercise tests. The same study reported
that the 6MWD strongly correlated with all physical
performance tests at three, six and 12 mo follow-up times
after orthotopic liver transplantation[14].
The present prospective study examined the use of the
6MWT for assessing the functional capacity of chronic
liver disease patients. The study compared the distances
walked in six minutes by healthy subjects and patients
with different stages of liver disease, and investigated
correlations between the 6MWD and other clinical and
biochemical disease markers.

MATERIALS AND METHODS
Patients
The study enrolled consecutive patients aged between
18 and 80 years with chronic liver disease attending the
hepatology outpatient clinics at King Khalid University
Hospital (KKUH) and Riyadh Military Hospital over
a 12 mo period (from January to December 2005). All
subjects gave formal consent and the study was approved
by the departmental Ethics Committee. Study subjects
were categorized into four groups. Group A subjects
were sequentially selected healthy volunteers with no
clinical history of liver diseases were recruited as controls.
Group B subjects were patients with the following
profile: hepatitis B surface antigen (HBsAg) positive as
determined by a commercial ELISA kit (Diagnostics
Pasteur, Marnes la Coquette, France), hepatitis B DNA
positive by a polymerase chain reaction (PCR) based
assay (COBAS Amplicor, HBV monitor test, Roche
Diagnostics, Switzerland) with a lower limit of detection
of 200 copies/mL, and with (1) either normal or raised
alanine transaminase (ALT) levels (determined on at least
two occasions separated by at least 3 mo), (2) normal
serum bilirubin, albumin and International Normalized
Ratio (INR), (3) normal complete blood count (CBC) or
(4) normal abdominal ultrasound (US) without features
of liver cirrhosis or portal hypertension. Group C
subjects were patients with the following profile: newly
diagnosed with hepatitis C virus (HCV) infection (i.e.antiHCV antibody, Ortho HCV ELISA, Ortho Diagnostic
Systems, Inc., Raritan, New Jersey; RIBA HCV, Chiron
Corp., Emeryville, California) and HCV RNA positive
(COBAS Amplicor, HCV monitor test, Roche Diagnostics,
Switzerland) with a lower limit of detection of 50 IU/L,
and raised ALT levels. Patients were excluded from groups
B and C if there was any abnormality in the CBC or any
signs of cirrhosis or portal hypertension on abdominal US.
Group D subjects were patients with liver cirrhosis defined
by any four of the following features of cirrhosis: (1)
platelet count < 100 × 109/L, (2) evidence of esophageal
varices on endoscopy, (3) ultrasonographic features
consistent with cirrhosis, (4) albumin level less than 30 g/L,
(5) INR more than 1.4 and (6) bilirubin level more than
30 µmol/L. Patients were also included in this group if
there was histological evidence of liver cirrhosis regardless
of the above criteria.
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Patients who were HBsAg or anti-HCV positive for a
period exceeding six months and who had not received any
antiviral therapy in the preceding six months were included
in the study. All participants had screening abdominal
ultrasonography (US) at the time of recruitment into the
study. The US were performed and interpreted by trained
radiographers according to a standardized protocol, and
the records reviewed by the investigators. Cirrhosis was
diagnosed ultrasonographically based on the appearance
of the liver surface, liver parenchymal texture, portal vein
size, splenic size, presence of ascites and varicose veins in
the portal and perisplenic area.
Study exclusion criteria included: (1) HCV/HBV
coinfection; (2) identifiable other causes of chronic liver
disease defined as (high serum iron and ferritin, abnormal
serum ceruloplasmin, history of significant alcohol
consumption, antinuclear antibody > 1:320, antismooth
muscle antibody > 1:320, antimitochondrial antibody
> 1:40); (3) history of hepatotoxic medications in the
preceding three months of presentation; (4) history of
antiviral therapy in the last six months. All subjects were
assessed initially by a senior physician and any patients
with clinical evidence of cardiopulmonary, neuromuscular
or rheumatological diseases was excluded.
To determine hemoglobin, platelet, liver enzymes,
bilirubin, albumin and creatinine levels and coagulation
profiles, blood samples were obtained from all patients
preferably at the time of the 6MWT. Patients with liver
cirrhosis were further classified as stage A, B or C according
to the modified Child-Pugh classification (CP)[15]. Results
of all abnormal tests were provided to patients or their
immediate relatives, as was deemed appropriate.
6MWT
The 6MWT was conducted according to American
Thoracic Society (ATS) guidelines and supervised by
qualified technicians[16]. The technicians were blinded to
the grouping to which the patients belonged. In brief, the
patient was instructed to walk at his or her own pace along
a straight, flat 30 m hallway marked at one meter intervals.
Heart rate, blood pressure, oxygen saturation and Borg
score (based on an exertion scale where 0 = no exertion
and 10 = very severe exertion) were measured at the start
(0 min) and at the end (six minutes) of the walk test.
Patients were asked to cover as much ground as possible in
six minutes but allowed to stop if there were symptoms of
dyspnea or leg pain. The distance in meters was recorded
at the end of the six minutes (i.e., the 6MWD).
Statistical analysis
All data are expressed as mean ± SD. Comparisons
between two groups were made using unpaired Student’s
T-tests. Comparisons between four groups were made
using one-way ANOVA followed by the Scheffe post
hoc multiple comparison test. Correlations between the
6MWD and other variables were determined using Pearson
correlation coefficients analysis. Multiple regression
analysis was used to identify independent relationships
between the 6MWD and demographic variables. In
patients with liver cirrhosis, both Cox’s proportional
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Table 1 Clinical characteristics of the four groups of subjects
enrolled in the study (mean ± SD)

A
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90

r = 0.481
P < 0.001

80

Group D
(n = 98)
57 ± 12
64/34
26.9 ± 5.3
84 ± 17
92 ± 19
97.8 ± 1.75
97.1 ± 2.8
0.66 ± 1.34
1.68 ± 2.00
306 ± 111
94.9 ± 54.6
28.3 ± 6.8
86.2 ± 63.1
94.8 ± 76.9
164.6 ± 225.2
180.7 ± 129.4
44.0 ± 58.9
86.8 ± 39.1

ALT: alanine aminotransferase; AST: aspartate aminotransferase; AP: alkaline
phosphatase; BMI: body mass index; BS: Borg scale; HR: heart rate; GGT:
gamma glutamyl transpeptidase.
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hazard regression and Kaplan-Meier analyses were used
to determine whether the 6MWD had an impact on
survival. Cox’s proportional hazard regression model was
used to estimate the relative risk of the following variables
on survival: age, male gender, CP score, the 6MWD,
hemoglobin, albumin, alkaline phosphatase and creatinine
levels, and prothrombin time. Survival was also analyzed
using the Kaplan-Meier method and survival curves were
compared according to four groups of walked distance
using log rank tests. A P value < 0.05 was considered to
indicate a significant difference. All data were processed
using SPSS 13.0 for Windows.
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r = 0.373
P < 0.001
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Group C
(n = 45) (n = 48)
(n = 58)
Age (yr)
35 ± 9
38 ± 12
48 ± 12
Gender (M:F)
22/23
22/27
42/16
BMI
28.0 ± 6.3 33.3 ± 20.6
30.0 ± 6.4
HR/min Baseline
78 ± 12
85 ± 14
End
86 ± 13
94 ± 17
O2 %
Baseline
98.1 ± 1.0
96.7 ± 9.3
End
98.2 ± 0.76
98.1 ± 1.1
BS
Baseline
0.11 ± 0.45
0.07 ± 0.24
End
0.53 ± 0.73
0.98 ± 1.34
6MWD (m)
421 ± 47
390 ± 53
357 ± 72
Hemoglobin (g/L)
128.7 ± 44.1 136.2 ± 20.3
Albumin (g/L)
37.9 ± 6.1
37.6 ± 6.3
ALT (U/L)
128.5 ± 232.2 89.7 ± 54.2
AST (U/L)
55.8 ± 70.2
56.4 ± 34.0
GGT (U/L)
47.7 ± 50.0 101.6 ± 83.3
ALP (U/L)
96.7 ± 36.4 102.8 ± 42.1
Bilirubin (µmol/L)
11.1 ± 6.3
14.9 ± 12.8
Creatinine (µmol/L)
70.3 ± 21.4
68.0 ± 16.6
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Figure 1 The relationship between the 6MWD and clinical variables in patients
with chronic liver diseases. A: Negative correlation with age; B: Positive correlation
of 6MWD with level of hemoglobin; C: Positive correlation of 6MWD with level of
albumin.

RESULTS
Patient characteristics
The demographic features, laboratory data and the 6MWD
for the four groups are summarized in Table 1. There were
a total of 250 subjects in the study (60% male): 45 (18%
of the total number of subjects) in group A, 49 (19.6%) in
group B, 58 (23.2%) in group C and 98 (39.2%) in group D.
Both group A and B were similar in terms of age, height
and weight, while the group C mean age was greater than
that of group A and B. Group B and C did not differ
in terms of laboratory results. The mean age for group
D was greater than that of other groups. Compared to
group B and C, group D subjects had lower hemoglobin
levels, higher liver enzyme levels, hypoalbuminemia, higher
bilirubin levels and a higher coagulation time.
6MWT
The 6MWD differed between the four groups. The
6MWD for group B (389 ± 53 m) was shorter than for
group A (421 ± 47 m) (P = 0.02; 95% CI 2-43). The
6MWDs for both group A and B were longer than for
group C (357 ± 71 m) (P = 0.01; 95% CI 39-88 and P = 0.01;
www.wjgnet.com

95% CI 7-56 respectively). Group D (306 ± 111 m) had a
shorter 6MWD than any of group A (P = 0.001; 95% CI
105-124), B (P = 0.001; 95% CI 72-93) or C (P = 0.001;
95% CI 36-65).
The 6MWD was found to be inversely correlated with
age (r = -0.482, P < 0.001, 95% CI 3.8-2.4)) and Borg
scores at the beginning (r = -0.518, P < 0.001; 95% CI
-59 to -37) and end (r = -0.581, P = 0.001; 95% CI -40 to
-27) of the test. The 6MWD was found to be positively
correlated with height (r = 0.281, P = 0.01; 95% CI 1.3-3.2),
hemoglobin level (r = 0.373, P = 0.001; 95% CI 0.48-0.99)
and albumin level (r = 0.311, P = 0.001; 95% CI 2.1-5.3)
(Figure 1). Linear regression analysis showed that the best
demographic and laboratory predictors for the 6MWD in
the disease groups were age, Borg score and hemoglobin
level (P = 0.001 and r2 value ranging between 0.336 and
0.526).
Of the 98 liver cirrhosis (group D) patients, 33 were
CP class A, 39 class B and 27 class C. The 6MWD for CP
class A patients was 356 ± 84 m, which was longer than
the distance walked by either CP class B (296 ± 93 m;
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Table 2 Characteristics of liver cirrhosis patients in terms of
those who survived and those who had died during the study
period

Table 3 Variables associated with survival according to
univariate and multivariate Cox regression analysis

Variable
Non-survivors (n = 15) Survivors (n = 83)
Age (yr)
61 ± 10
55 ± 11
CP score
10.0 ± 2.3
8.5 ± 2.2a
6MWD (m)
245 ± 145
317 ± 101a
O2% Baseline
97.3 ± 1.7
97.9 ± 1.5
End
97.4 ± 3.0
97.2 ± 1.6
Hemoglobin (g/L)
114.7 ± 14.7
127.6 ± 17.7b
Prothrombin time (s)
16.1 ± 5.6
16.5 ± 4.5
ALT (U/L)
90.5 ± 82.7
85.4 ± 59.5
AST (U/L)
107.1 ± 62.6
92.3 ± 79.4
ALP (U/L)
242.2 ± 141.8
169.5 ± 124.7
Albumin (g/L)
24.2 ± 5.6
29.0 ± 6.6a
Bilirubin (µmol/L)
67.4 ± 65.1
40.1 ± 56.9
Creatinine (µmol/L)
114.4 ± 86.0
81.7 ± 18.0b

UV
UV
UV
UV
UV
UV
MV
MV
MV

P
0.064
0.016
0.021
0.21
0.64
0.009
0.82
0.77
0.50
0.45
0.011
0.098
0.002

Variable
CP Score
6MWD
Albumin
Hemoglobin
ALP
Creatinine
6MWD
ALP
Creatinine

Hazard ratio (95% CI)
1.349 (1.062-1.713)
0.995 (0.991-0.999)
0.901 (0.829-0.978)
0.966 (0.941-0.992)
1.003 (1.000-1.005)
1.016 (1.007-1.024)
0.994 (0.989-0.998)
1.003 (1.000-1.006)
1.018 (1.009-1.027)

P
0.014
0.027
0.013
0.012
0.042
< 0.0001
0.024
0.027
< 0.0001

ALP: alkaline phosphatase, CP: Child Pugh, MV: multivariate analysis,
UV: univariate analysis. Variables not found to be associated with survival
excluded from the table.

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP:
alkaline phosphatase; CP: Child Pugh; GGT: gamma glutamyl transpeptidase.
a
P < 0.05, bP < 0.01 vs non-survivors.

100

P = 0.005) or CP class C (262 ± 130 m; P = 0.003)
patients. There was no significant difference between CP
class B and CP class C patients in terms of the distance
walked. The 6MWD was negatively correlated with CP
classification (r = -0.328, P ≤ 0.001; 95% CI -74 to -19),
and positively cor related with the level of oxygen
saturation at the beginning and end of the test (r = 0.402,
P < 0.0001 and r = 0.283, P = 0.018, respectively).

Survival (%)

80

Survival analysis
Patients with liver cirrhosis were followed from the time
of 6MWT until the end of the study period or death.
During a mean follow-up period of 42 ± 13 (range, 4 to
52) wk, fifteen (15.3%) of the 98 cirrhosis patients (group
D) died from disease complications. The 6MWD for the
surviving cirrhotic patients was longer than that for nonsurvivors (317 ± 101 vs 245 ± 145 m, P = 0.021; 95% CI
11-132). In addition, the non-survivors had a higher mean
CP score and higher alkaline phosphatase and creatinine
levels, and lower albumin and hemoglobin levels (Table 2).
The effect of a range of variables on survival was
determined using Cox regression analysis (Table 3).
Univariate analysis showed anemia, hypoalbuminemia, high
CP scores, a low 6MWD and elevated alkaline phosphatase
and creatinine levels were associated with shorter survival.
Multivariate analysis showed that a low 6MWD (P =
0.024), and elevated alkaline phosphatase (P = 0.027) and
creatinine (P < 0.0001) levels were associated with shorter
survival in cirrhosis patients.
Kaplan-Meier survival curve analysis was used to assess
cirrhosis patients in terms of the distance walked (Figure 2).
Patients were categorized according to the distance walked
into four groups; first quartile (6MWD < 250 m), second
quartile (250 m ≤ 6MWD < 319 m), third quartile (319 m
≤ 6MWD < 397 m) and fourth quartile (6MWD ≥ 397 m).
Log rank testing showed that those who walked less than
250 m had a shorter survival (P = 0.021) compared to the
other groups, and suggested that lower survival was linked
to a lesser 6MWD.

Figure 2 Kaplan-Meier survival curves according to a four quartile distribution of
the 6MWD in patients with cirrhosis. P < 0.05 between patients who walked < 250 m
and those who walked 250 m or more.
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DISCUSSION
The present study showed that the 6MWT can be used to
determine the functional capacity of CLD patients. The
distance walked by CLD patients was found to be lower
than that walked by healthy subjects. Furthermore, in
terms of different chronic liver diseases, the study found
that the 6MWD was lower for cirrhosis patients compared
to patients with chronic hepatitis B or C infections.
The distance walked by hepatitis B patients was found to
be less than that walked by matched healthy individuals. This
was found to be the case even for the group of hepatitis
B patients with normal liver enzymes results (i.e., inactive
carriers). Previous studies dealing with the effect of hepatitis
B infection on physical function have provided contradictory
findings. While one study found that 60% of hepatitis B
carrier status patients reported a decrease in physical and
psychological health as measured using a questionnaire[1],
another study found that this was not the case[2]. To our
knowledge, the present study is the first to use an exercise
test to objectively measure physical capacity in non-cirrhotic
hepatitis B patients, rather than a questionnaire.
The current study also found that the distance walked by
hepatitis C patients was less than that walked by hepatitis B
patients or control subjects. Previously, physical performance
in hepatitis C patients was mostly explored using quality-
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of-life questionnaires. An earlier study examining physical
function using the SF-36 questionnaire found that function
was lower in patients with chronic hepatitis C infection
compared to control subjects or patients with hepatitis B,
and that this decrease was unrelated to the extent of liver
injury according to liver biopsy and liver enzyme tests[2]. The
study concluded that the physical impairment may be related
to factors other than liver damage. In the present study,
hepatitis C patients walked significantly shorter distances
in six minutes than hepatitis B patients, even though both
groups were similar in terms of liver enzyme test results,
hemoglobin levels, albumin levels and coagulation profiles.
Other studies have reported that there are several
potential factors that can contribute to the physical function
limitations in cirrhosis patients, including muscle strength,
deconditioning, fatigue and neuropsychiatric factors in
addition to hepatopulmonary syndrome and cirrhotic cardio
myopathy[10,17,18]. In the present study, liver cirrhosis patients
had the lowest 6MWD of the four groups tested, and the
6MWD was found to correlate with the severity of cirrhosis
as measured using the Child-Pugh classification. Consistent
with these findings, several studies showed a moderate-tosevere impairment in exercise capacity in cirrhosis patients
as measured by cardiopulmonary exercise testing[17,19-22]. In
one such study, the 6MWD correlated with the maximum
oxygen uptake (VO 2 max) as measured using a cycle
ergometer in pre-liver transplantation patients at different
stages of cirrhosis, and that correlation remained over a one
year follow-up period after transplantation[14].
In the present study, the 6MWD was negatively correlated with patient age, and age was found to be an
independent predictor of the 6MWD. This finding is
consistent with various studies of both healthy subjects and
chronic disease patients[23-25]. The current study also found
that the 6MWD was positively correlated with hemoglobin
and albumin levels, but did not correlate with liver enzyme
levels. This finding is consistent with previous reports
showing that for severe heart failure patients, anemia was
associated with poor physical function, while increasing
hemoglobin levels were correlated with improved exercise
capacity as measured in cardiopulmonary exercise tests[26,27].
Previous studies also found that the severity of physical
limitation in relation to liver biochemical testing was more
evident in liver cirrhosis patients compared to those with
other chronic liver diseases[21,28,29].
Previous reports showed that several factors correlate
with mortality in patients with liver cirrhosis. Multivariate
analysis in the present study found that the 6MWD was
linked to mortality. In our cohort, walking less than 250
m was associated with decreased survival in patients with
liver cirrhosis. Consistent with this finding, Bowen et al[30],
reported that the distance walked was better associated
with survival than other signs of disease severity like
pulmonary function results, arterial blood gas results,
age and comorbid conditions in patients with advance
lung diseases. Paciocco et al[31] found that there was an
18% reduction in mortality with each 50 m increase in
walked distance in pulmonary hypertension patients, with
significant mortality being reported in patients walking less
than 300 m. To our knowledge, the present study is the
first to investigate the 6MWD as a predictor of survival
www.wjgnet.com
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in patients with non-cardiopulmonary disease. Thus, the
6MWD may serve as an additional prognostic marker in
liver cirrhosis patients.
Our study has a few potential limitations. One such
limitation is that the control group subjects were mostly
recruited from within the institute (including hospital
employees and medical students), and may therefore consist
of more highly educated individuals with a higher socioeconomic status compared to the CLD groups, which are
more likely to come from the broader general population.
Another limitation is the possibility that the distance
walked was not assessed accurately because the 6MWT
was performed just once. However, other investigators
have shown that in patients with chronic renal failure, the
improvement in the distance walked was only 3.7% when
the test was repeated after 48 h, suggesting that the 6MWT
may be more reproducible in non-cardiopulmonary disease
patients[32].
Finally, the present 6MWD data were not compared with
data obtained from other physical function assessments such
as cardiopulmonary exercise tests. While cycling ergometer
testing was not undertaken due to our limited experience
with this assessment tool in our community, we are currently
examining correlations between the 6MWD data and
quality-of-life questionnaire responses in CLD patients.
In conclusion, we have demonstrated that the 6MWD
correlated with the type of liver diseases, and it was
an independent predictor of survival in liver cirrhosis
patients. The utility of 6MWD should be further explored
to evaluate the change of distance walked over time or in
response to therapeutic measures in patients with CLD.
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Abstract
AIM: To investigate the effect of endothelin-1 in the
invasion of esophageal cancer and determine whether
cathepsin B plays a role in the course.
METHODS: W e s t e r n b l o t t i n g w a s e m p l o y e d t o
detect the expression of ET-1 protein in 75 samples
of esophageal squamous cell cancer and matched
normal esophageal mucosa. Bosentan, a dual ET (A/B)receptor antagonist, was used to inhibit the binding of
endothelin-1 and its receptors and cut down its biological
role. In vitro matrigel invasion assays were made to
show the invasive ability of esophageal cancer cells
with and without bosentan. Subsequently, we evaluated
cathepsin B activity and expression in EC9706 cell with
and without bosentan.
RESULTS: We found 74.7% (56/75) tumors had an
overexpression of ET-1 protein by Western blotting.
Bosentan significantly inhibited matrigel invasion of
cancer cells in vitro . EC9706 cells have a positive
expression of cathepsin B protein, and bosentan can
down-regulate its expression and activity.
CONCLUSION: Endothelin-1 may enhance the invasive
ability of human esophageal cancer cells, and its role is
correlated with cathepsin B.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The epidemiology of esophageal cancer shows a striking
geographic variation in the world. A 20% variation
is observed between high-risk Chinese and low-risk
western Africans [1] . Recently, advances in multiple
therapies significantly improved the outcome of patients
with esophageal squamous cell carcinoma (ESCC).
However, the overall survival remains poor after curative
treatment[2-4]. Actually, the development of new treatment
protocols depends on improved knowledge of the
molecular mechanisms controlling tumor invasion and
metastasis.
Endothelin-1 (ET-1) is a small 21-residue peptide[5]
which plays a biological role by binding two receptor
subtypes, endothelin A and endothelin B receptors,
belonging to the family of G-protein-linked receptors
with seven transmembrane-spanning domains[6]. Recent
studies[7-11] have suggested that endothelin-1 may play an
important role in tumorigenesis, tumor progression and
metastasis presumably by various mechanisms, including
mitogenesis, inhibition of apoptosis and angiogenesis.
Cathepsin B is a kind of cysteine protease that
actively participates in the proteolytic degradation of the
extracellular matrix. It is believed that cathepsin B plays
a critical role in tumor progression, and shows an overexpression in certain tumors of the lung, breast, stomach,
colon, esophagus and prostate[12-14].
To o u r k n ow l e d g e, l i t t l e i s k n ow n a b o u t t h e
significance of ET-1 in the esophageal cancer invasion and
metastases. In this study, we investigated the role of ET-1
in esophageal cancer invasion and its correlation with
cathepsin B.

MATERIALS AND METHODS
Tissues
ESCC and adjacent almost normal tissues with size of
about 0.5 cm3 were collected from 75 patients in Peking
University First Hospital and Beijing Friendship Hospital.
Fresh samples were stored in liquid nitrogen and each
sample was confirmed by histological examination. Total
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Figure 1 Overexpression of ET-1 protein in esophageal squamous cell carcinoma
(C1-4) and matched normal esophageal mucosa (N1-4).

proteins of the samples were extracted using Trizol
solution (Life Technologies, Rochville, ML).
Cell culture
A human esophageal squamous cell carcinoma cell line
EC9706 was maintained in our laboratory. All culture
reagents were from Invitrogen. Cells were cultured in
serum-free medium for 24 h before experiment.
Western blotting
Cells and tissues were harvested, rinsed twice with PBS,
and protein preparation was performed according to the
manufacturer’s instruction (Santa Cruz). The extracted
proteins (20 µg) were subjected to 15 % polyacrylamide
g el electrophoresis in the presence of SDS, and
transferred onto PVDF membranes, and nonspecific
binding was blocked with 5% nonfat dry milk for 1 h at
room temperature. ET-1 and cathepsin B were detected
by mouse monoclonal antibodies (Santa Cruz), and
horseradish peroxidaselabeled anti-mouse immunoglobulin
(Santa Cruz) was used as the secondary reagent. Detection
was perfor med using an ECL system (AmershamPharmacia).
In vitro matrigel invasion assay
The chemoinvasion assay was done with a Boyden
chamber and 8-µm pore size polyvinyl pyrrolidone-free
polycarbonate nucleopore filters (Costar, USA) according
to prior reference[15]. The filters were coated with an even
layer of 0.5 g/L matrigel (Becton Dickinson, America).
The lower compartment of the chamber was filled with
100 nmol/L ET-1 and/or 10 µmol/L bosentan (Bachem,
Switzerland). Serum-starved EC9706 cells (5 × 105/mL)
were placed in the upper compartment. After 24 h of
incubation at 37℃, the filters were removed, air dried
and stained. The invasion was quantified by counting cells
in ten high power fields (20% of total filter area). Each
experimental point was analyzed in triplicate.
Cathepsin B activity assays
The activity of cathepsin B was determined using the
specific substrate Z-RR-AMC (Santa Cruz) according to
the manufacturer’s instructions. Cell pellets of EC9706
were lysed in assay buffer (50 mmol/L acetate buffer,
pH 5.5, 2.5 mmol/L DTT, 2.5 mmol/L EDTA) with
0.1% Triton X-100. The samples were centrifuged,
and supernatants of cells were incubated with enzyme
substrate for 24 h. The reaction was terminated, and
stained cells were observed for cathepsin B activity under a
fluorescence microscope. All quantifications were done in
triplicate.
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Figure 2 Number of EC9706 cells penetrating matrigel with and without bosentan.

RESULTS
Expression of endothelin-1 in paired ESCC samples at
protein level
Western blotting was conducted to verify the differential
expression of ET-1 in ESCC at protein level. Results in the
above-mentioned 75 cases showed that ET-1 protein has
a up-regulation in 74.7% (56/75) examined ESCC tissues
relative to the matched normal tissues (Figure 1).
In vitro matrigel invasion assay in EC9706 cells with and
without bosentan
EC9706 cells were able to migrate through the matrigelcoated membrane. In our study, invasive ability remarkably
decrease in EC9706 cells with bosentan, compared with
the cells without bosentan (P < 0.001). Figure 2 shows the
number of cells penetrating matrigel in the invasion assays
in two groups.
Cathepsin B expression and activity in EC9706 cells with
and without bosentan
Western blotting shows that bosentan down-regulates
cathepsin B expressions in EC9706 cells, compared
with the group without bosentan. Figure 3 shows the
expressions cathepsin B protein detected by Western
blotting in the cells with and without bosentan. Cathepsin
B was found to be 2-fold lesser active in group with
bosentan than in the group without bosentan. Figure 4
shows the activity of cathepsin B in the supernatants of
these cells.

DISCUSSION
It is well established that ET-1 may act as an autocrine
or paracrine g rowth factor mediating through its
receptor, ETAR or ETBR. Some findings [16-19] suggest
that endothelin axis plays an important role in a series
of events related to tumor development, including
mitogenesis[20,21] and escape from apoptosis[22,23]. Moreover,
ET-1 expression has been linked to induction of
endothelial cell growth, angiogenesis[24-26] and epithelial
to mesenchymal transition[27-29], resulting in an increased
invasiveness and metastases of some tumors. Our results
showed endothelin-1 protein has a high expression in most
esophageal cancer tissues. So we suppose that endothelin-1
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degradation of the extracellular matrix by proteases such
as cathepsin B is a necessary step in tumor invasion[13,14].
Lin and Hughes reported that cathepsin B had an
overexpression in esophageal adenocarcinoma[33,34]. In our
study, bosentan can remarkably down-regulate cathepsin
B activity and expression in esophageal cancer cell line
EC9706. The phenomenon suggests that, via up-regulating
cathepsin B, ET-1 may play an important role in promoting
esophageal squamous cancer cell invasion.
In conclusion, endothelin-1 may enhance the invasive
ability of human esophageal cancer cells, and the role of
endothelin-1 is correlated with cathepsin B.
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Figure 4 Cathepsin B activity in the supernatants of EC9706 cells with and
without bosentan.

may play a role in esophageal tumor development.
One of the features of primary malignant esophageal
tumors is their ability to invade locally into nor mal
tissues. In order to study the effect of ET-1 in esophageal
cancer invasion, we used a dual pharmacologic antagonist
of endothelin receptor, bosentan, to test whether the
interference with ET/ET (A, B) R autocrine loop would
affect invasion. Bosentan is a specific competitive dual
endothelin receptor antagonist of low molecular weight. It
inhibits ET-1 action through combination with both ETA
and ETB receptors. In our invasion assays, cellular invasion
was decreased by adding bosentan to the esophageal
tumor cells, compared to the control group. It suggests
that endogenous ET-1 acts as an autocrine modulator
and its expression has a close correlation with invasion of
esopohageal cancer cells.
Tumor invasion and metastasis is a multi-step process
that involves, at various stages, the penetration of host
extracellular matrix by cancer cells. The ability of tumor cells
to invade tissues and metastasize is thought to involve an
increased expression of proteinases and/or a decrease in the
levels of proteinase inhibitors[30]. Penetration and degradation
of extracellular matrix elements of metastasizing tumor cells
are key steps in the metastatic cascade of cancer cells[31].
ET-1, acting through ETAR or ETBR, consistently induces
the activity of multiple metastasis-related proteinases, such
as matrix metalloproteinases (MMP) and the urokinasetype plasminogen activator system (uPA)[15], and mediates
extracellular matrix degradation. However, we have not fully
understood the correlations among ET-1, proteinases (for
example, cathepsin B) and invasion of esophageal cancer.
Cathepsin B is the major representative of the cysteine
proteinases and is present in lysosomes of all types of cells
under normal conditions. Cathepsin B is also engaged in
proteolytic cascades to activate other proteinases, which in
turn, mediate extracellular matrix degradation[32]. Localized
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Abstract
AIM: To explore the therapeutic efficacy and mechanism
of herpes simplex virus-thymidine kinase (HSV-tk)
targeting angiogenesis against hepatocellular carcinoma
in vivio and in vitro .
METHODS: Recombinant adenovirus containing kinase
domain insert with receptor (KDR) or cytomegalovirus
(CMV) promoter-controlled HSV-tk gene (AdKDR-tk and
AdCMV-tk) was constructed using pAdeasy system. The
expression of KDR antigen in human umbilical venous
endothelial cells (HUVEC) and HepG2 was detected
with histological analysis of cells. The virus was used to
infect HUVEC and HepG2. Following administration of
ganciclovir (GCV), the survival rate of gene-transfected
HUVEC and HepG2 was evaluated by MTT method. To
develop hepatocarcinomas in 32 Balb/C mice with HepG2
cells, the mice were divided into four groups: ganciclovir
group (Ⅰ), Ad group (Ⅱ), AdCMV-tk group (Ⅲ) and
AdKDR-tk group (Ⅳ). Then selective administration
of recombinant adenovirus or Ad via the intratumorial
was given to all rats. Ganciclovir (GCV) was given at
-1
-1
a dose of 100 mg·kg ·d (ip) started on the following
day and lasted 10 d. Microvessel density (MVD) of
tumor in all the treated animals were examined by the
immunohistochemical methods and tumor burden was
evaluated 10 d before and after the last GCV dose.
www.wjgnet.com

RESULTS: Immunocytochemical staining indicated the
expression of KDR antigen in HUVEC. Under adenovirus
infection index of 100, with increasing GCV concentration
from 0 up to 50 mg/L, the survival rate of AdKDR-tktransfected HUVEC and HepG2 decreased from 100% to
(28.94 ± 5.67)% and (75.45 ± 2.91)% at proper order,
respectively (P < 0.01), while the survival rate of AdCMVtk-transfected HUVEC and HepG2 declined from 100%
to (17.56 ± 2.48)% and (23.15 ± 5.72)%, respectively
(P > 0.05). Compared with groupⅠ, there was a
decrease of tumor weight by 14.7% in group Ⅲ and by
23.6% in group Ⅳ. And there was a distinct difference
between group Ⅲ and Ⅳ (P < 0.05). The median MVD
for all groups was 37.4 ± 8.6, 30.6 ± 7.8, 27.6 ± 7.1,
2
and 10.7 ± 4.1 (microvessels/mm ) in groupⅠ, Ⅱ, Ⅲ
and Ⅳ, respectively. And there was a marked difference
between group Ⅲ and Ⅱ (P < 0.05), Ⅳ and Ⅱ (P < 0.01),
and Ⅳ and Ⅲ (P < 0.01).
CONCLUSION: KDR promoter-HSV-tk gene may
effectually restrain the growth of tumor via targeting
angiogenesis for hepatocellular carcinoma with treatment
of GCV.
© 2007 WJG. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause
of cancer death, with over a million new cases annually[1].
Because the success of the conventional therapies is
limited, Gene and immunotherapy using a variety of
strategies are in development at present. HCC possesses
several characteristics that make it an attractive target for
these therapies[2,3].
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Solid tumors including HCC recruit new blood vessels
to support tumor growth, and unique epitopes expressed
on tumor endothelial cells can function as targets for
the anti-angiogenic therapy of cancer[4-7]. KDR (kinase
domain insert containing receptor, KDR) is one of two
receptors (named KDR and flt-1 respectively) for vascular
endothelial growth factor, a potent angiogenic peptide,
and its expression is restricted to endothelial cells in vivo.
Furthermore, it is expressed at a high level in the neoplasm
vascular endothelial cells, but a low level in the normal
ones[8]. Gene transfer into specific tissues or cell types is
a key technique in the development of gene therapy. A
tissue-specific promoter has been found to be potentially
valuable for gene therapy, as it linked any other gene to
be expressed specifically in target cells[9]. So, the KDR
promoter is considered to be endothelial cell-specific, thus
enabling targeted gene delivery to endothelial cells[10-12].
A suicide gene is a gene encoding an enzyme that
converts nontoxic prodrugs into toxic forms[13]. The herpes
simplex virus-thymidine kinase (HSV-tk) gene is one of
the most widely studied suicide genes, as it can effectively
damage the neoplasm vascular endothelial cells[14]. But
the killing effect of currently used HSV-tk system is nonspecific due to employment of cytomegalovirus (CMV) as
its promoter.
In this study, we adopted anti-angiogenic strategy for
the treatment of HCC. We evaluated the hepatoma-specific
enhancement of GCV-mediated cytotoxicity induced by the
HSV-tk gene under the control of KDR promoter in vivo.

MATERIALS AND METHODS
Main materials
Culture medium DMEM, OptiMEM and fetal bovine
serum were purchased from Gibco, USA. GCV was
purchased from Roche, USA. Adenoviral shuttle vector
pAdTrack-CMV and pAdtrack (either of titer of the virus
liquid was 1 × 1010 pfu/mL), the human umbilical venous
endothelial cells (HUVEC) and the heaptoblastoma cell
line HepG2 were kept in our lab.
Cell culture
Monolayer cultures of HUVEC and HepG2 cells were
grown in DMEM medium supplemented with 10% fetal
bovine serum at 37℃ in 5% CO2.
Immunocytochemical staining
The immunocytochemical staining has been described
previously [15] . Briefly, two slides (5 × 10 5 HepG2 or
HUVEC cells/slide) were incubated with the monoclonal
antibodies KDR (Sanbio, Uden, the Netherlands), and the
same number of slides was incubated with isotype-specific
irrelevant control monoclonal antibodies. The visualization
step included the alkaline phosphatase/antialkaline
phosphatase technique, and the slides were counterstained
with hematoxylin to visualize nuclear morphology. HepG2
or HUVEC samples were also analyzed following the same
procedures.
GCV test in vitro
HUVEC or HepG2 cells were cultured in 96-well plates
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2 × 10 3/well, and infected at a MOI (Multiplicity Of
Infection) of 0, 1, 10, 100 and 1000 with AdCMV-TK or
AdKDR-TK separately next day. After 16 h of infection,
different concentrations of GCV (0, 1, 10 and 50 mg/L)
were respectively added into the medium, and incubated
for 5 d, but no GCV was added into the medium in the
control group. MTT was added to each well to a final
concentration of 200 mg/L. DMSO 150 μL was added
4 h later. Optical densities (OD) were measured at the
wavelength of 490 nm. Each group set three repeated
wells and each experiment was performed for three times.
In vivo therapeutic studies
Four-week-old male BALB/c-nu/nu athymic mice were
purchased from Southern China Medical University
Animal Centre (Guangzhan, China). The mice were
maintained under a constant room temperature (25℃) and
were provided with free access to a standard diet and tap
water according to institutional guidelines. The study was
approved by the Ethical Committee of Peking University
Shenzhen Hospital (Shenzhen, China). The mice were
inoculated s.c. in the right back with 1 × 107 cells of the
human hepatocellular carcinoma HepG2 cell lines. Two
wk later, when transplanted tumors had grown to 1 mm
in diameter, 32 nude mice were subsequently divided into
4 groups (n = 8 each group): Ganciclovir group (Ⅰ), Ad
group(Ⅱ), AdCMV-tk/GCV group (under the driving of
CMV promoter) (Ⅲ) and AdKDR-tk/GCV group (Ⅳ).
Then the selective intratumoral injection of recombinant
adenovirus or Ad was administered to all nude mice, and
repeated 24 h later. The next day, the mice were given
i.p. injections of GCV (100 mg/kg) daily for 10 d. The
lethality of the method was 0%. Mice were monitored at
least twice a week for evidence of tumor development,
quantification of tumor size, and evidence of tumorassociated morbidity. Serial changes in tumor weight
were estimated twice a week after the start of the GCV
treatment.
Histological analysis
Paraffin-embedded tissue sections (5 μm) were examined
after stained with Mayer’s H&E (Sigma Chemical Co., St.
Louis, MO). Monoclonal antibody against the endothelial
cell marker, rat anti-mouse CD31 antibody (eBioscience,
USA) was used. Then the primary antibody was detected
by biotinylated secondary rabbit anti-rat IgG and SABC
immunohistochemistry kit (Wuhan Boster Biotech, China)
according to instructions of the manufacturer. Paraffin
sections were also stained with HE to reveal tumor
infiltrating lymphocytes and apoptosis of tumors.
Determination of microvessel area
Tumor microvessel density (MVD) was counted as
previously described[16,17]. The CD31 staining sections were
scanned under 40 × microscope and “hot spots” (area
with greatest vascula) were found, from which 3 random
fields of 200 × microscope were selected. The average
vascular number of the three fields appeared as MVD. For
HE staining section, 5 random non-necrotic tissue fields
under 400 × microscope were selected to investigate the
change of the tumor.
www.wjgnet.com
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Figure 2 Survival rate of cells transfected by AdKDR-tk or AdCMV-tk after GCV
administration.

Figure 1 A: The 3rd passage of HUVEC, lined like cobblestone (× 100); B: Negative
expression of control antibody on HUVEC detected by immunocytochemistry staining
(arrow, negative, SP, × 100); C: Positive expression of KDR on HUVEC detected by
immunocytochemistry staining (arrow, positive, SP, × 100).

Statistical analysis
The statistical significance of differential findings between
experimental groups and controls was determined by
Student’s t test and considered significant if two-tailed
P was < 0.05.

RESULTS
Immunocytochemical staining
Two slides were immunostained with both KDR and
control antibody. More positive cells were detected in
HUVEC, without similar cells in the negative control, and
no positive cells were detected in HepG2 (Figure 1).
Killing effect of GCV in vitro
He pG2 and HUVEC, infected with recombinant
adenovirus pAdKDR-tk at various MOI, had different
sensitivity to the GCV, while MOI = 100 was the most
sensitive. At this time, density of GCV increased from 0
to 50 mg/L, and the survival rates of infected HUVEC
and the HepG2 was descended to (28.94 ± 5.67) and
(75.45 ± 2.91)% from 100%, respectively. Both had the
obvious difference (Figure 2, P < 0.01). HepG2 and
HUVEC, infected with different MOI of pAdCMV-tk,
had similar sensitivity to the GCV. As the MOI and the
GCV density increased, the cell survival rate all presented
an obviously descending trend. When MOI was 100,
concentration of GCV increased from 0 to 50 mg/L,
the HUVEC and the HepG2 cell survival rates changed
into (17.56 ± 2.48)% and (23.15 ± 5.72)%, respectively
(Figure 2, P > 0.05). Under infection index of 100, with
increasing GCV concentration from 0-50 mg/L, the
survival rate of AdKDR-tk-transfected HUVEC and
HepG2 decreased from 100% to (28.94 ± 5.67)% and
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(75.45 ± 2.91)% at proper order, respectively (P < 0.01),
while the survival rate of AdCMV-tk-transfected HUVEC
and HepG2 declined from 100% to (17.56 ± 2.48)% and
(23.15 ± 5.72)%, respectively (Figure 2, P > 0.05).
Antitumor effect of recombinant gene therapy for HepG2
hepatoma in vivo
On the next day after inoculation, the mice received gene
therapy. No skin lesions were found in the injection sites. On
d 21 after inoculation, tumors were dissected and weighed.
Big tumors could be found in all mice of Ganciclovir group
(Ⅰ) and Ad group (Ⅱ). In AdCMV-tk/GCV group (under
the driving of CMV promoter) (Ⅲ) and AdKDR-tk/GCV
group (Ⅳ), all mice formed tumors, some of which were
much smaller. The average tumor weight of AdKDRtk/GCV group (Ⅳ) was much lower than that of AdCMVtk/GCV group or Ad group (Ⅱ) (P < 0.01). Compared
with groupⅠthe tumor inhibitory rate was 12.3% (inhibitory
efficiency = 1-tumor weight of adenovirus group/tumor
weight of Ganciclovir group) in group Ⅲ and 24.5% in
group Ⅳ; and the inhibition rates were significantly different
between groups Ⅲ and Ⅳ (P < 0.05).
Histological findings of subcutaneous HepG2 tumor postgene therapy
Tumor sections were stained with HE. There were
abundance nucleus divisions with interstitial vessels, and no
necrosis was found. There was necrosis in various degrees
among groups Ⅱ, Ⅲ and Ⅳ. The necrosis in group Ⅳ
was the most severe, and that in group Ⅱ was the mildest
(Figure 3).
Assessment of MVD and apoptosis of hepatoma after
gene therapy
MVD was counted after CD31 staining in tumor sections.
The mean MVD in groupsⅠ, Ⅱ, Ⅲ and Ⅳ was 37.4 ± 8.6,
30.6 ± 7.8, 27.6 ± 7.1, and 10.7 ± 4.1 (microvessels/mm2),
respectively. There were significant differences in the
mean MVD between group Ⅲ and Ⅱ (P < 0.05), Ⅳ and
Ⅱ (P < 0.01), and Ⅳ and Ⅲ (P < 0.01), but no significant
differences between groupⅠand Ⅱ (P > 0.05). Compared
with Ganciclovir group (Ⅰ) and Ad group (Ⅱ), MVD of
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Figure 3 Histological examination of subcutaneous HepG2 tumor observed by
light microscopy after the treatment.

A

B

C

Figure 4 Microvessel density of tumors detected by anti-CD31 immunochemistry
staining (S-P, × 100). A: MVD (CD31 staining, × 200) of hepatoma treated with Ad
group (Ⅱ); (30.6 ± 7.8); B: MVD (CD31 staining, × 200) of hepatoma treated with
AdCMV-TK group (Ⅲ); (27.6 ± 7.1); C: MVD (CD31 staining, × 200) of hepatoma
treated with AdKDR-TK group (Ⅳ); (10.7 ± 4.1).

hepatoma treated with AdCMV-tk/GCV or AdKDR-tk/
GCV was much lower. And in AdKDR-tk/GCV group,
MVD was less than any other groups (P < 0.01), (Figure 4).

DISCUSSION
The realization that tumor growth requires intense
neovascularization is the basis for a series of approaches
aimed to specifically block the cancer-induced formation
of new vessels. Anti-angiogenic therapy is supposed to
be safe because it does not affect the mature vessels of
normal tissues. Since HCC is known to be vascularized,
antiangiogenic therapies may have a strong therapeutic
benefit. Gene therapy may play an important role in this
field, because anti-angiogenic factors need to be delivered
for a long period to control the progression of tumors. In
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fact, an adenoviral vector carrying the endostatin cDNA was
more effective than the direct injection of the protein[18].
Vascular endothelial growth factor (VEGF) plays a
critical role in angiogenesis of HCC among important
angiogenic factors involved in the regulation of angiogenesis
in HCC[19].
KDR/flk-1 is the receptor for vascular endothelial
growth factor, a potent angiogenic peptide[20,21], and its
expression is restricted to endothelial cells in vivo. In
addition, only KDR has been shown to autophosphorylate
in the presence of VEGF[22]. Thus, the presence of KDR
is absolutely required for the development of endothelial
cells from hemangioblastic precursors. In 1995, Patterson
C et al[11] first cloned and characterized the promoter of
the human KDR gene. They found that it directed high
level promoter activity in endothelial cells but not in other
cell types. So, the KDR promoter is considered to be
endothelial cell-specific, thus enabling targeted gene delivery
to endothelial cells [23]. Jaggar RT [24] designed promoter
sequences from the endothelial-specific KDR/VEGF
receptor, and found that KDR has been shown to be
upregulated on tumor endothelium. The herpes simplex
virus thymidine kinase gene therapy with ganciclovir
forms the basis of a widely used strategy for suicide gene
therapy[25]. Mavria G[26] demonstrated that vascular targeting
combined with HSV-TK is more effective. Recombinant
adenoviruses provide a versatile system for gene expression
studies and therapeutic applications. Adenoviruses transfer
genes to a broad spectrum of cell types independent of
active cell division. Additionally, high titers of viruses and
high levels of transgene expression can be obtained[27].
Our study demonstrated that adenovirus-mediated
transfection of KDR promoter-HSV-TK gene could yield
a specific killing effect on vascular endothelial cells, and
highlight the way to overcome the heterogeneity of tumors.
And pronounced tumor regressions can be achieved in mice
with adenovirus-mediated HSV-tk gene transfer under the
driving of KDR promoter targeting the tumor vasculature.
Our in vivo results revealed that treatment with AdKDRtk targeted therapy could inhibit visualization and shrink
the tumor volume. Immuohistochemical (IHC) analysis of
the subcutaneously implanted HCC tumors found that the
microvessel density and tumor-associated endothelial cells
were decreased with increased apoptosis of tumor cells.
And, the CD31-positive blood vessels were also decreased
compared with the normal control group. That would
support the hypothesis that AdKDR-tk affects tumor
growth primarily through anti-angiogenesis.
Although our studies was based on a mouse model,
we expect AdKDR-tk motif to target human vasculature
as well, for the HCC phage has been shown to bind to
blood vessels of human tumors. Thus, the recombinant
adenovirus is potentially suitable for tumor targeting in
patients. Assessment of microvessel density using IHC
staining for specific endothelial cell markers such as
CD31 has been shown to provide prognostic information
independent of conventional pathological parameters in
HCC patients.
In conclusion, the targeting of the vasculature of
diseased organs could be the basis of a new pharmacological
approach for the treatment of malignancies by taking
www.wjgnet.com
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advantage of formulations that delivery cytotoxic drugs
to the blood vessels located specifically at sites of disease.
This should improve efficacy and reduce side effects. Antiangiogenic therapy has also been proven to be a rational
approach in the treatment of solid tumors. Selective delivery
of the suicide gene into tumor endothelial cells and target
its expression to abrogate tumor vasculature may be a good
modality for tumor therapy. Antiangiogenic therapy holds
the promise of providing an effective novel treatment for
HCC, which is of great clinical significance as there is no
effective systemic therapy available for HCC.
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Abstract
AIM: To investigate the apoptotic effect of photoexcited
titanium dioxide (TiO2) nanoparticles in the presence of
visible light on human hepatoma cell line (Bel 7402) and
to study the underlying mechanism.
METHODS: Cerium-element-doped titanium dioxide
nanoparticles were prepared by impregnation method.
Bel 7402 human hepatoma cells were cultured in
RPMI 1640 medium in a humidified incubator with
50 mL/L CO 2 at 37℃. A 15 W fluorescent lamp with
continuous wavelength light was used as light source in
the photocatalytic test. Fluorescence morphology and
agarose gel eletrophoresis pattern were performed to
analyze apoptotic cells.
RESULTS: The Ce (Ⅳ)-doped TiO 2 nanoparticles
displayed their superiority. The adsorption edge shifted
to the 400-450 nm region. With visible light illuminated
3
for 10 min, 10 μg/cm Ce (Ⅳ)-doped TiO 2 induced
micronuclei and significant apoptosis in 4 and 24 h,
respectively. Hochest 33 258 staining of the fixed cells
revealed typical apoptotic structures (apoptotic bodies),
agarose gel electrophoresis showed typical DNA ladder
pattern in treated cells but not in untreated ones.
CONCLUSION: Ce (Ⅳ) doped TiO2 nanoparticles can
induce apoptosis of Bel 7402 human hepatoma cells in
the presence of visible light.
© 2007 WJG . All rights reserved.

Key words: Nano titanium dioxide; Cerium; Photocatalysis;
Apoptosis; Hepatoma cells
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INTRODUCTION
Application of titanium dioxide (TiO 2) photocatalysis
has received increasing attention since the first report of
microbiocidal effects by Matsunaga et al[1] in 1985. Recent
studies have investigated application of TiO2 in life science, especially in the field of cancer treatment[2-4]. In the
presence of ultraviolet (UV) light with a wavelength less
than 400 nm, nano TiO2 can induce cancer cell apoptosis
and be used as a photosensitizer in photodynamic therapy
for endobronchial and esophageal cancers[5].
However, TiO 2 displays its high photoactivity only
when it is irradiated by ultraviolet light due to its wide
band gap (3.2 eV for anatase). Doping with impurities has
been widely used to modify the properties of TiO2 by introducing new states in its electronic structure[6,7]. Because
of the unique 4f electron configuration, lanthanide metal
ions are ideal dopants to modify the electronic structure
of TiO2[8-10]. For example, cerium element doping could
introduce new energy level into band gap of nano TiO2,
making it possible for light with a wavelength over 400 nm
(generally named visible light) enough to excite electron
jumping to conduct band from valence band[10].
As hole and electron separate successfully on the surface of nanoparticles, they could react with absorbed water
or other adsorbates to produce reactive oxygen specimens
such as OH∙ and H2O2[6]. These reactive radicals can destroy cell membrane structure[11,12] and induce micronuclei
(MN)[13], even cause DNA damage[12,14].
Apoptotic cells can be characterized by a number of
morphologic, molecular, and biochemical features, including shrinkage of cells, blebbing of cells and nuclear
membranes, compaction and condensation of chromatin
toward the nuclear periphery, and fragmentation of DNA
into oligonucleosomes[15]. Detection of more than one of
these parameters is essential for the clear characterization
of apoptotic cells.
In this communication, we reported the occurrence of
oxidant-mediated DNA damage resulting in apoptosis and
www.wjgnet.com
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Figure 3 UV-Vis reflectance spectra of pure nano-TiO2 and CDT.

Figure 1 XRD spectra of CDT calcined at 500℃ for 3 h.

Morphological studies
Variations in cell morphology were analyzed by fluorescence microscopy. Cells attached to coverslips were
fixed in cold methanol for 5 min, air dried, stained with
Hoechest-33 258 (2.5 mg/mL in milli-Q water, 2 min).
Microscopic observations were carried out under Olympus BX61 microscope, and photographs were taken with
Olympus DP50 digital camera.

50 nm

Figure 2 TEM of CDT.

induction of micronuclei (MN) by Ce-doped TiO2 nanoparticle (CDT) in the presence of visible light in Bel 7402 human hepatoma cells.

MATERIALS AND METHODS
Preparation and characteristics of CDT
CDT samples were prepared by impregnation technique[6].
Cerium sulphate [Ce(SO4)2] aqueous solution was slowly
dropped into nano-anatase TiO2 (13 nm) gel by vigorous
stirring, and water-bathed for 2 h at 40℃, then mixture
was filtered, dried at 120℃ for 2 h and finally calcined at
500℃ for 3 h. CDT was suspended in physiologic saline,
sterilized and diluted with RPMI 1640 medium to appropriate concentration when exposed to cells.
The characteristics of CDT were determined with UVVis spectrometer (SPECORD 2000, German) by X-ray
diffraction (XRD, DX-2000), and transmission electron
microscopy (TEM, JEOL JEM-2011).
Cell culture and treatment
The present study was carried out using Bel 7402 human
hepatoma cell line, which was cultured with RPMI 1640
(Gibco) containing 10% (v/v) fetal calf serum (FCS),
50 U/mL penicillin, 50 μg/mL streptomycin, and 1% (v/v)
0.2 mol/L L-glutamine. Cells were maintained at 37℃ in a
humidified atmosphere containing 50 mL/L CO2.
After attached to culture plate, Bel 7402 cells were
exposed to CDT for 4 h in incubator, then washed three
times softly with PBS and irradiated for 10 min with the
15 W fluorescent lamp at a vertical height of 30 cm.
www.wjgnet.com

Analysis of DNA fragmentation
Fragmentation of DNA was analyzed by agarose gel electrophoresis during apoptosis. Bel 7402 cells were treated
with 10 μg/cm3 CDT for 4 h, then irradiated for 10 min
with fluorescent light, and incubated for 4 h or overnight.
DNA was extracted with phenol/chloroform and precipitated in ethanol. The extracted DNA was separated by
agarose gel electrophoresis (1.5% agarose gel containing
0.4 μg/mL ethidium bromide, 100 V, 1 h) and visualized
under UV light.

RESULTS
Phase formation and microstructure of CDT
Figure 1 shows XRD patterns of CDT. The presence of
peaks (2θ = 25.4, 37.8 and 48.1) could be regarded as an
attributive indicator of anatase TiO2[10]. CDT could maintain anatase crystalline structure at 500℃, and no other
crystal phases were observed. According to Scherrer formula, d = λ/β cosθ, particle size was about 21 nm.
Morphologies of CDT were studied under transmission electron microscope (Figure 2). Most particles were
in sphere shape, with a size of about 20-30 nm, coincided
with that of XRD. Diffuse reflectance of UV-vis adsorption spectra of undoped TiO 2 and CDT calcinated at
500℃ was observed (Figure 3). The adsorption edge of
CDT shifted to a longer wavelength region (named red
shift) than that of undopd TiO2.
Fluorescence morphology
Bel 7402 cells were stained with Hoechest 33 258 (Figure 4).
Neither CDT had effect on cells in the absence of light
(Figure 4A), nor light (Figure 4B). Formation of MN
could be found 4 h after cells were exposed to CDT
(10 μ g/cm 3, with visible light illuminated for 10 min)
(Figure 4C). Treated cells appeared typical changes in
apoptosis after incubated overnight (Figure 4D). Many
apoptotic bodies containing nuclear fragments were found
in CDT-treated cells. Normal cells were stained uniformly,
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Figure 4 Fluorescence morphology of Bel 7402 cells treated with Ce (Ⅳ) doped
nanometer titanium dioxide and stained with Hoechest 33 258. A: CDT 10 μg/cm3,
without light irradiation, × 200; B: Light irradiation, × 200; C: CDT (10 μg/cm3
illuminated for 10 min and incubated for 4 h), × 400; D: Cells exposed to CDT
(10 μg/cm3 illuminated for 10 min and incubated overnight), × 400.

apoptotic cells appeared a brighter fluorescence. At the
same time, cytoplasmic shrinkage was also observed.
DNA electrophoresis
Fragmentation of CDT-treated DNA (at the concentration of 5 and 10 μg/cm3, irradiated for 10 min, incubated
overnight) was found after agarose gel electrophoresis
(Figure 5). In contrast, DNA in untreated cells did not show
such a DNA ladder pattern in electrophoresis. There was no
conspicuous difference in the effect of both concentrations.

DISCUSSION
In this experiment, CDTs were easy to attach to cellular
membranes and aggregated. They were also easy to enter
cytoplasm via phagocytosis (data not shown).
Nano TiO 2 showed no cytotoxicity to cells in the
absence of UV light [16], neither did UV light alone [17].
Visible light could only elevate culture temperature to
36℃, since it was lower than the culture temperature of
cells, thermal death did not occur[18].
However, cell viability decreased as the concentration
of UV-irradiated TiO2 nanoparticles in cells increased.
Furthermore, cell morphology changed with increasing
nanoparticle concentration, giving rise to shrinkage and
fragmentation of cells[4].
DNA was damaged when exposed to UV and nano
TiO2. Strand breaks in DNA were assayed on agarose gels
by transformation of a supercoiled plasmid into the relaxed or linear form[14]. Nakagawa et al[12] studied the effects
of four sizes of UV-irradiated TiO2 particles on a mouse
lymphoma cell line. DNA tail length was measured by
SCG assay. The results showed that UV-irradiated samples
could increase DNA damage and decrease cell survival.
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Figure 5 Agarose gel electrophoresis of DNA from
Bel 7402 cells irradiated with visible light for 10 min.
Lane 2: 10 μg/cm3; lane 3: 5 μg/cm3; lane 4: Bel
7402 cells in the presence of light as control; lane 1:
DNA marker (100 base pairs).

These observations have led the researchers to believe
that the mechanism of cell death caused by photoexcited
TiO 2 nanoparticles is through reactive oxygen species
(ROS).
Uchino et al[17] studied the relationship between the
amount of radicals produced in UV irradiated TiO2 particles and cytotoxicity. The viability of Chinese hamster ovary (CHO) cells with internalized TiO2 particles decreased
significantly after UV irradiation. Although the intensity of
UV light did not influence cytotoxicity, the anatase fraction
in TiO2 particles had a significant effect on cytotoxicity. In
addition, cell viability was proportional to the formation of
DMPO-OH radical adducts. The Electron spin resonance
(ESR) results confirmed the presence of DMPO-OH radical adducts, consistent with the formation of OH∙ radicals.
The optimum crystal size for OH∙ radical formation was
30 nm for anatase. Most anatase samples produced more
hydroxyl radicals than rutile oram orphous TiO2. These
findings indicate that when anatase forms TiO2 with UV
exposure, hydroxyl radicals have cytotoxic effects[17].
Molecular scavengers of both hydrogen peroxide and
hydroxyl radicals, catalase and cysteine could effectively diminish cell death when added to cell samples. These findings provide evidence that hydroxyl radicals and hydrogen
peroxide play a role in cell death[14,17,19].
Cerium element doping can reduce band gap energy by
introducing new energy into the surface band gap of nano
TiO2[10]. The adsorption edge of nano TiO2 could shift to
the long-wavelength region, and the energy of light at a
length of 400-450 nm is enough to excite electron jump
from valence band to conduct band by Ce (Ⅳ) doping. At
the same time, Ce (Ⅳ) can separate e-/h+ pair by grasped
electron, then liberate h+ to reacting H2O to generate ·OH
and H2O2, leading to accumulation of ROS on cell membranes and in cytoplasm.
MN is frequently used to detect genetic damage induced by environmental mutagens, andror carcinogens. In
general, MN may arise from the breakage of chromosomes
or the loss of an entire chromosome[13]. Our results show
that CDT at a noncytotoxic dose can significantly increase
the frequency of MN after UV irradiation. The formation
of MN may be due to ROS and/or the presence of these
particles around the mitotic apparatus.
Apoptosis is an unique type of programmed cell death,
and oxidant-mediated DNA damage is one of the key
factors for its induction[20].
In the present study, Bel 7402 cells treated with photowww.wjgnet.com
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excited CDT were severely damaged, with cells contracted
and a lot of cell fragments simultaneously observed under
inverted phase-contrast microscope.
Degradation of internucleosomal DNA segments as a
consequence of activation of endogenous endonucleases
is considered a characteristic end point of apoptosis and
can be analyzed by gel electrophoresis[21]. In the present
study, DNA agarose gel electrophoresis depicted typical
inter-nucleosomal fragmentation in DNA of CDT-treated
cells.
Cell damage induced by nanoparticles occurs in two
stages. The first stage is oxidative damage by the photoexcited TiO2 nanoparticles as they come in contact with
cell membranes, resulting in permeabilization of the cell
membranes but not producing a significant decrease in cell
viability. The decrease in cell viability, eventually cell death,
occurs as a result of leaking intracellular components, or
CDT trafficking into the damaged cells and directly attacking nuclei and other intracellular components.
In conclusion, nano CDT induces apoptosis in the
presence of visible light. However, the precise mechanism
of MN formation and induction of apoptosis by ultra
fine particles and fibers is still unknown. Further insight is
required into intracellular signaling and the role of reactive
oxygen species.
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Abstract
AIM: To study the effect of glucose on sodium butyrateinduced proliferation inhibition and apoptosis in HT-29
cell line, and explored its possible mechanisms.
METHODS: HT-29 cells were grown in RPMI-1640
medium supplemented with 10% fetal calf serum, and
were allowed to adhere for 24 h, and then replaced
with experimental medium. Cell survival rates were
detected by MTT assay. Apoptosis was detected by
TUNEL assay. Glucose transport protein 1 (GLUT1) and
monocarboxylate transporter 1 (MCT1) mRNA expression
was detected by RT-PCR.
RESULTS: Low concentration of glucose induced
apoptosis and regulated proliferation in HT-29 cell
line, and glucose can obviously inhibit the effect of
proliferation inhibition and apoptosis induced by sodium
butyrate. Glucose also down-regulated the expression of
MCT1mRNA (0.28 ± 0.07 vs 0.19 ± 0.10, P < 0.05), and
decreased the expression of GLUT1mRNA slightly (0.18
± 0.04 vs 0.13 ± 0.03, P < 0.05).
CONCLUSION: Glucose can regulate the effect of
proliferation inhibition and apoptosis induced by sodium
butyrate and this influence may be associated with
the intracellular concentration of glucose and sodium
butyrate.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Butyrate is a naturally occurring product of colonic
microbial fermentation of dietary carbohydrates. It is
important for maintaining homeostasis of normal colonic
mucosa, but it also possesses anti-proliferative and prodifferentiating properties and can induce apoptosis in
many cancer cell lines[1,2].
Butyrate is the principal energy source for colonic
epithelial cells. But in colorectal cancer cell line Caco-2,
butyrate was not significantly metabolized within 10 min.
It may not be the main energy source in colon cancer
cells. Previous studies showed that malignant tissues had
increased glucose uptake and utilization. Colon cancer cells
may burn 30 to 40 times more glucose for energy than
normal cells. All these suggest that glucose is an important
energy source for colon cancer cells.
Glucose transport is the rate-limiting step in glucose
metabolism and is controlled through glucose transport
proteins (GluTs) with GluT1 being the important isoform
in human colonic cancer cells[3,4]. Nagachi et al assessed
GluT1 expressing in all the colonic tumor samples while
none of the samples of normal epithelium expressed
GluT1. The expression of GluT1 is associated with
the uptake of glucose and the intracellular glucose
concentration and the metabolic rates in tissues. At the
colonic luminal pH, butyrate (pKa 4.7) dissociates almost
entirely to the butyrate anion. This charged species
cannot cross the luminal membrane by free diffusion and
therefore requires a specific transport system. MCT1 is a
member of the family of monocarboxylate transporters
(MCTs), which can transpor t butyrate across the
membrane[5]. The expression of MCT1 is associated with
the uptake and the intracellular concentration of butyrate.
The ability of butyrate to exert its effects may depend
upon its intracellular concentration. The expression of
MCT1 may be associated with the effect of butyrate.
www.wjgnet.com
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Both glucose and sodium butyrate are the energy source
for colonic cancer cells. The regulation of glucose on the
uptake of itself and sodium butyrate in colonic cancer cell
was not clear. In this study, we examined the regulation of
glucose on effect of proliferation inhibition and apoptosis
induced by sodium butyrate, and the regulation of glucose
on the GluT1 and MCT1mRNA in the presence of
sodium butyrate.

MATERIALS AND METHODS
Cell culture
HT-29 human colon cancer cells were g rown as a
monolayer in RPMI-1640 medium (Sigma) supplemented
with 10% fetal calf serum (GIBCO), cultured in T-75 cm2
culture flasks, maintained at 37℃ in 5% CO2, humidified
atmosphere. At the beginning of the experiment
mycoplasma-free cells in the exponential growth phase
were removed from the flask with 0.25% trysin and
0.02% EDTA solution and seeded in T-75 cm2 flask in
RPMI-1640 medium with 10% fetal calf serum. The cells
were allowed to adhere for 24 h, and then replaced with
experimental medium.
Cell were seeded onto 96-well plates at the density of
2 × 104 per well for HT-29 colonic cell line and incubated
in a humidified atmosphere with 5% CO2 for 48 h, then
0, 100, 200, 500, 1000, 2000, 4000 mg/L glucose in RPMI
1640 with 10% fetal calf serum and 5 mmol/L butyrate
was added or not. For the control, the complete medium
(RPMI 1640 containing 2000 mg/L glucose) was added
without sodium butyrate. After incubated for 48 h, MTT
20 µL (5 g/L) was added. The plates were incubated for
4 h and 100 µL DMSO was added. The absorbance was
recorded using an ELISA reader and the survival rate was
calculated.
Reverse transcriptase-polymerase chain reaction
Cells were kept for in the medium containing (0, 500,
1000 or 2000 mg/L glucose in RPMI-1640) supplemented
with 5 mmol/L sodium butyrate. After harvesting of
the cells, total RNA was extracted by means of Trizol
(Invitrogen) according to the manufactures instruction.
The concentration of RNA was quantitated by absorbance
260 and 280 nm. Total RNA was suspended in DEPCtreated water and stored at -80℃.
Single-stranded cDNA was prepared using 2 µ g
of total RNA, 200U MMLV Reverse transciptase
(Promega), MMLV buffer (Promega) 5 µL, 10 mmol/L
dNTP (Promega) 1.25 µ L, oligod T (Promega) 1 µ g,
RNasin (Biostar) 25 U in a 25 µL solution and incubated
for 90 min at 42℃. An amplification of the resulting
cDNA sequence was carried out using polymerase chain
reaction (PCR). cDNA 1 µL was combined with 1 pmol
oligonucleotide primers specific for human GluT1, MCT1,
β-actin and Tap DNA Polymerase (Biostar) 0.5 U, Tap
buffer (Biostar) 2.5 µL, 10 mmol/L dNTP 0.5 µL in a
25 µ L solution. The conditions for the reaction were
the following: 5 min at 95℃ (predenaturation), followed
by 28 cycles of 1 in at 95℃ (denaturation), 45 s at 60℃
(annealing), and 1 min at 72℃ (extension), and 7 min at
72℃ (final extension). Then 5 µL samples of amplified
www.wjgnet.com
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Figure 1 The survival rate of HT-29 cell. aP < 0.05 vs without sodium butyrate.

products were resolved by electrophoresis in 2% agarose
gel, stained with ethidium bromide. The level of each PCR
product was semiquantitatively evaluated using a digital
camera and an image analysis system (Viber lourmat,
France), and normalized to β -actin. Following are the
primers for:
β -actin: sense: 5'CGAGCGGGAAATCGTGCGTG
ACATTAAGGAGA3', antisense: 5'CGTCATACTCC
TGCTTGCTGATCCACATCTGC3'; GLUT1: sense:
5 ' C G G G C C A AG AG T G T G C TA A A 3 ' , a n t i s e n s e :
5'TGACGATACCGGAGCCAATG3'; MCT1: sense:
5'CACCACCAGCGAAGTGTC3', antisense: 5'AGAAAG
AAGCTGCAATCAAG3'.
Apoptosis assay
Terminal dUTP Nick End labeling (Tunel) assay was used
to detect apoptosis in HT-29 human colonic cell line.

RESULTS
The rate of cell survival rate
Without treatment with sodium butyrate, when the
concentration of glucose was 0 or 100 mg/L, the growth
of cancer cell was slightly slower than that in control
(2000 mg/L glucose in RPMI 1640). But when the
concentration of glucose was more than 200 mg/L, the
proliferation of cancer cells was similar to the control (P >
0.05). When with 5 mmol/L sodium butyrate was added,
with the concentration of glucose increase from 0 to
2000 mg/L, the survival rate increase obviously. When the
concentration of glucose is 0 mg/L, the survival rate is
9.5% ± 5.3%, and when the concentration of glucose
reached to 2000 mg/L, the survival rate is 42.7% ± 9.4%.
However when the concentration of glucose increased
from 2000 to 4000 mg/L, the effect of survival rate did
not continue to increase (Figure 1).
GluT1 and MCT1 mRNA assay by RT-PCR
After treatment with 5 mmol/L sodium butyrate, the
expression of GluT1 and MCT1 mRNA was regulated
by the concentration of glucose. When the concentration
of glucose increased from 0 to 2000 mg/L, there was a
slightly decrease of GLUT1/β-actin from 0.18 ± 0.04
to 0.13 ± 0.03. And MCT1 mRNA was also slightly

He L� et al . Regulation of glucose on the effect of NaBu

MCT1

Figure 2 The expression
of GluT1 and of MCT1 of
HT-29 cell decreased with
the increase of glucose
concentration.
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reduced from 0.28 ± 0.07 to 0.19 ± 0.10 (P < 0.05)
(Figure 2).
Apoptosis assay
Without treatment with sodium butyrate, low
concentration of glucose (0, 100, 200 mg/L) can induce
apoptosis in HT-29. When the concentration of glucose
was 0 mg/L, the apoptosis rate was 3.5% ± 1.4%. But
when the concentration of glucose was more than 200
mg/L, there is no significant change of apoptosis rate
compared with the control (2000 mg/L in RPMI 1640).
When 5 mmol/L sodium butyrate was added, with the
concentration of glucose increasing from 0 mg/L to
2000 mg/L, the apoptosis decreased obviously (P < 0.05).
The concentration of glucose was 0 mg/L, the apoptosis
rate was 28.7% ± 9.3%, and when the concentration of
glucose reached to 1000 mg/L, The apoptosis decreased to
7.5%± 3.2% (P < 0.05). But when the concentration of
glucose reached to 4000 mg/L from 2000 mg/L, the
apoptosis did not decrease continuously in HT-29 cell line
(Figure 3). This result was consistent with that we have
found in previous study by using flow cytometric assay.

DISCUSSION
Short-chain fatty acid (SCFA), which occurs in millimolar
amounts, is rapidly absorbed in the colon, providing
important energy supplies for the colorectal epithelium.
Out of three SCFA, butyrate is considered to be the main
energy source and it accounts for 70% of total energy in
rat colonocytes. But tumors display a high metabolism
rate of glucose and glycolysis. Glucose may be a more
important energy for colon cancer cell. Sodium butyrate
was transported by MCT1. Glucose is controlled by GluTs
with GluT1 being the most important isoform in human
colonic cancer cells[6,7].
In the experiment, low concentration of glucose or
glucose deprivation without sodium butyrate induced
apoptosis and inhibited proliferation in HT-29 cell line.
Many researches have the similar results. Low intracellular
concentration of glucose or glucose deprivation may
induce ATP depletion and stimulation of mitochondrial
death pathway cascade, and may induce oxidative
stress and tigger bax-associated events including the

C

Figure 3 HT-29 cancer cell apoptosis (TUNEL, × 400). A: 2000 mg/L glucose; B:
Without glucose; C: 5 mmol/L sodium butyrate.

JNK/MAPK signal pathway [8,9]. But it was interesting
that when the concentration of glucose increased more
than 200 mg/L, glucose seemed to have no regulation on
proliferation and apoptosis on HT-29 cell line.
When cells were treated with sodium butyrate, with
the increase of the concentration of glucose from 0 to
200 mg/L, the survival rate increased obviously and the
apoptosis of HT-29 colonic cancer cell reduced obviously.
And when the concentration of glucose continued
to increase more than 200 mg/L (in this condition,
glucose had no significant influence on apoptosis and
proliferation), the effect of sodium butyrate inhibited by
glucose was still observed. This suggested that glucose
could inhibit the effect of sodium butyrate to a certain
extent.
Increased the concentration of glucose not only
inhibited the effect of proliferation inhibition and apoptosis
induced by sodium butyrate, but also downregulated the
expression of MCT1mRNA. MCT1 is a member of family
of monocarboxylate transporters, which mediate the
www.wjgnet.com
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transport of sodium butyrate. The increase of expression
and activity of MCT1 may ser ve as a mechanism to
maximize intracellular availability of sodium butyrate.
A more rapid accumulation of intracellular sodium
butyrate may promote the effect of itself. Many of the
cellular effects of butyrate are concentration-dependent,
and time-dependent. The ability of sodium butyrate
to exert its effects may depend upon its intracellular
concentration [10,11] . The increased concentrations of
glucose down-regulated the expression of MCT1. The
decreased expression of MCT1 mRNA may reduce the
intracellular concentration of sodium butyrate, which may
weaken the effect of sodium butyrate. So, the change of
intracellular concentration of sodium butyrate may play
a role in inhibition of glucose on the effect of sodium
butyrate.
When treatment with sodium butyrate, increased of
concentration of glucose slightly decreased the Glut1
mRNA expression. Because glucose passes through
membrane by facilitated diffusion, with the concentration
of glucose increasing obviously, the intracellular glucose
may still increase. The increase of intracellular glucose may
protect cell[12-14]. In contrast, the decrease of intracellular
glucose sensitized tumor cells to apoptosis[15,16]. So, the
intracellular concentration of glucose may also be closely
associated with the inhibition of glucose on the effect of
sodium butyrate.
The results showed that low concentrations of
glucose induced apoptosis and reduced the growth of
HT-29 cancer cell. And glucose can inhibit the effect of
proliferation inhibition and apoptosis induced by sodium
butyrate which may be associated with the intracellular
concentration of glucose and sodium butyrate. We have
been found that sodium butyrate may affect apoptosis by
regulating intracellular concentration of glucose in the
past. Now, in the present study, we found that intracellular
concentration of glucose and sodium butyrate may
contribute to the inhibition of glucose on proliferation
inhibition and apoptosis of colon cancer cells induced
by sodium butyrate. All these may help further study the
mechanism of sodium butyrate, and provided a novel
possible way to enhance the effect of sodium butyrate.
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Abstract
The differential diagnosis between hepatocellular
carcinoma (HCC) and regenerative liver nodules and
other primary liver tumors may be very difficult,
particularly when performed on liver biopsies. Difficulties
in histological typing may be often minimized by
immunohistochemistry. Among the numerous markers
proposed, CK18, Hep Par1 and glypican 3 (GPC3) are
considered the most useful in HCC diagnosis. Here we
report a case of HCC in a 72-year-old male with HBVrelated chronic liver disease, characterized by a marked
morphological and immunohistochemical intratumoral
variability. In this case, tumor grading ranged from areas
extremely well differentiated, similar to regenerative
nodule, to undifferentiated regions, with large atypical
multinucleated cells. While almost all sub nodules were
immunostained by Hep Par 1, immunoreactivity for
glypican 3 and for Ck18 was patchy, with negative tumor
region adjacent to the highly immunoreactive areas. Our
case stresses the relevance of sampling variability in
the diagnosis of HCC, and indicates that caution should
be taken in grading an HCC and in the interpretation
of immunohistochemical stains when only small core
biopsies from liver nodules are available.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the 5th most frequent
malignancy worldwide[1]. The prognosis is generally poor;
therefore, the early diagnosis is critical for successful
treatment and clinical behaviour [2]. For evaluation of
HCC, computerized tomography-guided needle biopsy
represents the most accurate diagnostic procedure. HCC
has distinct morphologic features and, in the majority of
cases, it can be identified by routine H-E stained sections.
However, distinguishing a well-differentiated HCC from
a regenerative nodule or from a dysplastic nodule may
be very difficult, particularly in small needle aspiration
or core biopsies [3]. Furthermore, some of the unusual
morphologic variants, including clear-cell, pleomorphic,
and sarcomatoid variants, may be mistaken for metastases.
Similarly, metastases to the liver from various hepatoid
variants of extra-hepatic neoplasms and other primary
hepatic tumors, such as cholangiocarcinoma (CC), may
be mistaken for HCC [4]. The differential diagnosis of
these lesions is often difficult, especially because of the
scant material obtained by needle biopsy[5]. The current
literature shows that difficulties in histological typing
of liver tumors, particularly in the differential diagnosis
between HCC and CC and metastases can be minimized
by using immunohistochemistry[4,6]. Among the numerous
diagnostic immunohistochemical markers studied, alphafetoprotein (AFP)[7], CK7[8], CK20[9], CK19[10], hepatocyte
paraffin 1 (Hep Par 1)[11,12] and glypican 3 (GPC3)[3,5,13]
have been found to be valuable in the diagnosis of
HCC. The sensitivity and specificity of the monoclonal
antibody Hep Par 1 for HCC are considered ver y
high; as a consequence, the usefulness of this marker
in the differential diagnosis of hepatic tumors is widely
accepted[14,15], although it stains normal hepatocytes as well.
Moreover, expression profiling of primary hepatic tumors
has demonstrated that GPC3, a membrane-anchored
heparan sulfate proteoglycan, is markedly expressed in
HCC, particularly in well differentiated cases[20]. In spite of
the availability of such armamentarium, daily experience
shows that diagnostic mistakes can occur more frequently
than generally expected. Indeed, some cases of HCC have
been reported that do not show immunoreactivity for Hep
Par 1, nor for GPC3[5,17]. The reason for this heterogeneity
in immunoreactivity of HCCs could be related to
multiple factors: different etiology, variable degree of
differentiation, size of the bioptic core and sampling
variability. Here we report a case of HCC characterized
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by marked morphological and phenotypical intratumoral
variability, which underlines a previously unreported major
role for sampling variability in the interpretation of needle
biopsies from HCC.
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B

CASE REPORT
A 72-year-old man with a clinical history of HBV-related
chronic liver disease (Child-Pugh A5) was admitted the
Hospital San Giovanni di Dio of Cagliari. Ultrasonography
(US) revealed a liver nodule in the VIIth hepatic segment,
measuring 25 mm in diameter, which was later confirmed
by CT scan. Surgical excision was performed. Gross
examination of the surgical specimen showed a light
nodule, white-yellow on cut surface, characterized by
a multinodular pattern. The surrounding parenchyma
showed an active chronic hepatitis with porto-central
bridging septa. Histological examination of the nodule
revealed an HCC organized in multiple sub-nodules,
some of which were capsulated. The morphology of
each sub-nodule varied greatly from well to scantly
differentiated HCC (Figure 1A-C). According to the subnodular organization of the neoplastic cells and to the
degree of differentiation of the lesion, 17 different subnodules were detected. Immunohistochemical analyses
showed a marked heterogeneity among the different
sub-nodules (Table 1). While almost all sub-nodules
showed immunoreactivity for Hep Par 1 (Figure 2A), the
immunoreactivity for CK18 was patchy, with negative
tumor regions adjacent to intensely immunoreactive areas
(Figure 2B). We found immunoreactivity for GPC3 in 6
out of the 17 subclones; immunoreactivity for GPC3 was
constantly absent in well differentiated areas and positive in
several, but not all, poorly differentiated ones (Figure 2C).
Immunoreactivity for CK7 was observed in scattered
neoplastic cells within some sub-nodules. p53 was unevenly
distributed among different sub-nodules; in the 5 positive
sub-nodules, immunoreactivity for p53 ranged from 10%
up to 40% of tumor cells. Proliferating cell nuclear antigen
(PCNA) was evenly distributed through the entire tumor,
without any significant difference among the sub-nodules.
No immunoreactivity for AFP, nor for CK20 was observed.

DISCUSSION
Currently, the diagnosis of HCC is based on a multidisciplinary approach, including imaging modalities and
serum markers, such as AFP. However, the diagnosis
of HCC still rests on the incontrovertible histological
evidence obtained by CT scan or echo-guided needle
biopsy. The histological appearance of HCC has been
described in detail over the years and criteria for diagnosis
and nomenclature have been clarified[1].
In the present case, we observed a striking variability
in the degree of differentiation of the tumor cells among
the 17 different sub-nodules detected. As a consequence,
in the case that, before the surgical resection, a needle
biopsy had been performed, we may hypothesize that
the interpretation of the bioptic core could have lead to
different diagnoses, depending on the different tumor
region sampled. Tumor samples from well differentiated
www.wjgnet.com
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Figure 1 The morphology of each sub-nodule varied greatly including well
differentiated (A), moderately differentiated (B) and poorly differentiated HCC (C).

Table 1 Immunohistochemical patterns of the different subnodules
Sub-nodule
L
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Hep-Par 1 CK18
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+/+
+
+
+/+
+
±
+
±
+
±
+
-

GPC3
+
+
+
+
+
+

CK7
+/+/+/+/-

p53
+
+
+
+
+

PCNA
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

L: Normal liver; ±: Scattered reactivity; +/−: Focal reactivity.

areas (Figure 1A) should lead to a differential diagnosis
between well differentiated HCC and a regenerative
nodule; a bioptic core from the poorly differentiated subnodules (Figure 1C) should lead to a differential diagnosis
between a polymorphous aggressive variant of HCC and a
metastasis from a poorly differentiated carcinoma.
Moreover, even the expression of the immunohistochemical markers utilized in this study varied greatly
among different tumor regions. This finding underlines
the possibility that, in clinical practice, when a very small
fragment of the liver tumor is obtained by an ultrasoundguided biopsy, immunoreactivity of the observed tumor
cells could not represent the distribution of tumor markers
in the whole neoplasm, leading to sampling variabilityrelated diagnostic mistakes. In fact, the majority of subnodules were negative for GPC3, a marker which is
considered a valuable tool in distinguishing HCC from
dysplastic liver nodules[3].
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Figure 2 Sub-nodules localization and their different immunoreactivity for Hep
Par1 (A), CK18 (B) and GPC3 (C).

In conclusion, our case highlights the role of sampling
variability in the interpretation of a needle biopsy from
a liver nodule, not only for defining tumor grading but
even in the differential diagnosis between primary and
secondary liver tumor.
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to occur more frequently in patients with IBD and their
relatives[4]. Minimal change disease (MCD) causes more
than 90% of cases of nephrotic syndrome in children and
10%-15% cases in adults[5]. The aetiology and pathogenesis
of both MCD and psoriasis are also unknown and
presumed to have an immunological basis. We report a case
of fulminant ulcerative colitis which developed soon after
withdrawal of immunosuppressive treatment for steroidresistant MCD in a patient with a history of psoriasis.

Abstract

CASE REPORT

A 43-year-old Chinese patient with a history of
psoriasis developed fulminant ulcerative colitis after
immunosuppressive therapy for steroid-resistant minimal
change disease was stopped. Minimal change disease
in association with inflammatory bowel disease is a rare
condition. We here report a case showing an association
between ulcerative colitis, minimal change disease,
and psoriasis. The possible pathological link between 3
diseases is discussed.
© 2007 WJG . All rights reserved.
Key words: Ulcerative colitis; Inflammatory bowel
disease; Minimal change disease
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease
of colon and rectum. The underlying aetiolog y and
exact pathogenesis remain unknown. Current hypothesis
favours dysregulation of gastrointestinal immune system
in a genetically predisposed individual[1]. Extra-intestinal
manifestations of inflammatory bowel disease (IBD) are
common and may occur in 40% of patients[2]. It mainly
involves skin, eye, joint, and the biliary system. Many of
them are postulated to have autoimmune mechanisms[3].
Renal manifestations such as glomerulopathy associated
with IBD were rarely reported, whereas psoriasis was found
www.wjgnet.com

A 43-year-old Chinese patient had a 3 years history of
plaque psoriasis follow up in dermatology clinic. He
was treated by topical steroid and vitamin D analogue
(calcipitriol) only. He presented to our hospital with a
2 wk history of generalized oedema involving his face,
limbs, and scrotum in January 2002. His renal function was
normal but he was found to have significant proteinuria
(18 gm/day). His serum albumin level was low, 18 gm/L,
and fasting blood glucose was 4.5 mmol/L. Investigations
for the underlying cause of his nephrotic syndrome
including antinuclear antibody, antineutrophil cytoplasmic
antibody, immunoglobulin pattern, hepatitis B and C
serology, anti-streptolysin O titre, and serum mercury level
were all negative or within the normal range, respectively.
He denied taking any other medications in particular nonsteroidal anti-inflammatory drugs or herbs. Subsequent
renal biopsy confirmed minimal change disease (Figure 1).
He was treated with high dose prednisolone (60 mg daily)
but his disease was found to be steroid resistant. A second
renal biopsy was performed 4 mo later to rule out alternative
diagnosis. The histological finding was still consistent
with MCD. Treatment with cyclophosphamide and then
azathioprine was started by the nephrologist to keep his
disease in remission. Steroid and all immunosuppressants
were stopped in August 2003 after his renal disease has been
continued to be quiescent for 6 mo.
One month later, he was admitted to the gastroenterology unit because of right lower quadrant abdominal
pain and passing bloody diarrhoea 8 to 10 times per day.
At that time, he was afebrile and his vital signs were stable.
Blood result showed that he had significant hypochromic
microcytic anaemia with haemoglobin of 8.6 gm/dL. Renal
and liver function was normal. His serum albumin was
28 gm/L and his 24 h urine for protein was 0.2 gm per day
only. Stool for common bacterial and parasitic pathogens
and clostridial difficle toxin were negative. Blood for
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Figure 1 Renal biopsy showed features consistent with minimal change disease.

Figure 2 Ileo-colonoscopy showed severe pancolitis.

cytomegalovirus pp65 antigen was negative. Abdominal
X-ray did not reveal features of toxic megacolon. Ileocolonoscopy was performed and showed severe pancolitis
without terminal ileum involvement (Figure 2). Histology
showed active colitis with crypt distortion and crypt abscess
without granuloma or pathogen seen (Figure 3). The clinical
picture was compatible with fulminant ulcerative colitis.
High dose intravenous hydrocortisone (100 mg thrice daily)
and mesalamine were started but his condition did not
improve. At that moment, he refused surgery and therefore,
intravenous cyclosporine A infusion (4 mg/kg per day)
was commenced. His bloody diarrhoea started to improve
after 1 wk of treatment and he was discharged with close
follow up in the outpatient clinic. During the subsequent
6-mo follow up, his intestinal symptoms remained poorly
controlled and bloody diarrhoea persisted despite optimal
immunomodulatory therapy. Finally, he agreed for operation
and restorative procto-colectomy with ileal pouch anal
anastomosis was performed.

DISCUSSION
Glomerulonephritis (GN) and nephrotic syndrome have
been reported as rare extra-intestinal manifestations
of inflammatory bowel disease. So far, less than 30
cases had been reported in the literature [6]. Different
types of lesion that have been described, including IgA
nephropathy[7-9], IgM nephropathy[10], membranoproliferative
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Figure 3 Colonic biopsy showed histological features of active ulcerative colitis.

glomerulonephritis [11], mesangial proliferative glomerulonephritis [12,13], membranous nephropathy [14,15] , and
antiglomerular basement membrane glomerulonephritis[6].
The renal disease occurs in a setting of active IBD in many
of these cases. The proposed mechanism of association
between IBD and GN is the release of intestinal antigens
secondary to bowel inflammation. The subsequent
antibody production and immune complex formation cause
glomerular injury[12]. However, the exact mechanism and the
type of immune complex remain to be elucidated. At least
in some cases, the renal disease may not concur with active
bowel disease at the same time[12,16].
MCD, also known as lipoid nephrosis or foot process
disease, accounts for majority of nephrotic syndrome in
children and 10%-15% of cases in adults. It is characterized
by normal glomeruli as visualized by light microscopy
and the non-detectability of immune complexes using
immunof luorescence assays. The pathogenesis of
MCD is thought to be related to the T-lymphocyte
production of an abnormal cytokine which only affect
glomerular permeability but do not promote sclerogenic
mechanisms[5]. In the past, only 2 cases of MCD associated
with Crohn’s disease (CD) has been reported (1 in English
literature)[17]. Perard L et al[16] reported a case of T-cell
acute lymphoblastic leukemia (ALL) which developed
in a 17-year old boy with a history of MCD and CD. In
their case, the development of MCD preceded that of
CD for 4 years. They proposed that T-cell dependent
dysfunction with abnormal cytokine production could
be the common pathologic link between the 3 diseases:
glomerular lesion, inflammatory bowel disease, and
proliferation of ALL blast cells. Similarly, the pathogenesis
of psoriasis is also attributed to the immune dysregulation
by T-lymphocytes[18]. An epidemiological study shows a
higher prevalence of psoriasis in patients with Crohn’s
disease[4]. The findings of high tumour necrosis factoralpha (TNF) level and effective treatment with infliximab
(a TNF inhibitor) for both diseases suggest a relationship
between IBD and psoriasis[19]. Thus, abnormal cytokine
production by dysfunctional T-lymphocytes could be a
common pathogenetic mechanism of all 3 diseases in our
patient. To our knowledge, this is the first reported case of
ulcerative colitis associated with minimal change disease
and psoriasis.
www.wjgnet.com
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We believe that there is true association between UC,
MCD, and psoriasis rather than just a coincidence in our
patient. Scrapa R et al[20] found that microscopic colitis
occurred in patients with active psoriasis or psoriatic
arthritis even they did not have any bowel symptoms.
During therapy for MCD, our patient did not complain
of significant intestinal symptoms. We speculated that his
colitis activity could be suppressed by the treatment of
steroid and immunosuppressive agents. Abrupt withdrawal
of immunosuppressive treatment might contribute to
his fulminant presentation of ulcerative colitis. Previous
studies also demonstrated that withdrawal of azathioprine
could lead to a relapse of IBD activity[21,22].
In conclusion, we report the first case with rare
association of UC, MCD, and psoriasis. The pathologic
link between these diseases with presumed autoimmune
mechanisms cou l d b e d u e t o a b n o r m a l c yt o k i n e
production in dysregulated T-cells, causing damage to
intestine, kidneys, and skin tissues. Further studies are
required to identify that cytokine and delineate the exact
pathogenesis.
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Abstract
Liver biopsy is considered the most accurate means to
estimate the necroinflammatory activity and the extent
of fibrosis. However, histology evaluation is an invasive
procedure associated with risk to the patient, risk of
sampling error and diagnostic inconsistencies due to
inter- and intra-observer error. On the basis of histological
studies performed so far, chronic hepatitis C in children
appears morphologically benign in the majority of cases.
At the Pediatric Liver Unit of our university, a total of 67
children with chronic hepatitis C underwent liver biopsy.
Liver biopsy was repeated 5.5 years after the initial
histological evaluation in 21 children. On a total number
of 88 liver biopsies, micronodular cirrhosis was detected
only in one genotype 1b-infected obese child. Since liver
histology investigation of a child with chronic hepatitis C
has few chances to highlight severe lesions, we question
how liver biopsy helps in the management of children
with chronic hepatitis C.
© 2007 WJG . All rights reserved.
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TO THE EDITOR
Liver biopsy is considered the most accurate means to
estimate the necroinflammatory activity of a process
and the stage of a disease involving the liver by assessing
type and extent of fibrosis together with recognition of
architectural disturbances[1]. The level of aminotransferase
elevation does not adequately reflect the severity of the
disease and methods measuring fibrosis-related molecules
circulating in blood are not yet put into widespread use[1].

Liver biopsy represents, however, an invasive procedure
associated with discomfort and risk to the patient[1]. In
pediatric age, it has been reported that liver biopsy is
burden with a 6.8% incidence of overall complications,
a 2.4% incidence of major complications and a mortality
rate of 0.4%[2]. Furthermore, histology evaluation carries
risk of sampling error because of specimen fragmentation
or inadequate length, and interpretation of the biopsy
is subject to diagnostic inconsistencies due to inter- and
intra-observer error[3-6].
In initial treatment trials of hepatitis C, liver biopsy was
considered an important parameter to guide management
and therapy, particularly at a time when response to
treatment was low. As a consequence, it was desirable
for patients with a more severe liver damage to receive
a therapy with potentially serious side effects. In the
vast majority of pediatric treatment trials of hepatitis
C, patients were candidate for treatment only if liver
histology was available [7-9]. With the improvement in
response rate to antiviral therapy, although reduction of
fibrosis is still considered a common endpoint of clinical
trials, the value of liver biopsy in management of patients
with chronic hepatitis C has been questioned, advocating
that this procedure may not be necessary for the initiation
of therapy[10]. Indeed, in the recent years, following the
encouraging rates of response to combined therapy with
pegylated-interferon and ribavirin, also patients with
normal aminotransferases and minimal histological liver
damage have been considered for therapy[11,12].
On the basis of the studies available so far, chronic
hepatitis C in children seems to be a milder disease with
a more favourable natural course when compared to
hepatitis C virus (HCV) infection in adults[13-16]. Recently,
pediatric cases of severe chronic hepatitis C requiring liver
transplantation have been reported, but in these reports no
information was provided about either the total number
of transplanted children for diseases other than HCV
infection in the same period or the pediatric prevalence of
hepatitis C in the area from which transplanted children
derived[17,18]. Furthermore, these data about the severe
course of pediatric HCV infection obtained from studies
performed in tertiary or quaternary referral centres, do
not provide an adequate perception of the real prevalence
of worsening prognosis[17,18]. As a matter of fact, several
histological studies have confirmed that in children
chronic HCV infection is morphologically benign in the
majority of cases, progression of fibrosis is relatively
slow and cirrhosis is extremely rare. In an Italian-Spanish
multicenter study, Guido et al [13] enrolled 80 children
with chronic hepatitis C without underlying systemic
diseases to study their liver histology. Liver biopsies were
www.wjgnet.com
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performed at a mean of 41.5 ± 51.9 mo after the first
observation of increased transaminases. The authors
reported a rate of 0.8% of cirrhosis. Vogt et al[14], in a
study including German patients with a median duration
of HCV infection of 20 years at histological evaluation,
described only one child with micronodular cirrhosis (this
patient was co-infected with hepatitis B virus) out of 17
who underwent liver biopsy. Jara et al[15], in an European
multicenter retrospective study, analyzed 92 liver biopsy
specimens from children with chronic HCV infection but
no underlying systemic diseases. Histological analysis was
performed 4 wk to 17 years after the clinical diagnosis.
Progressive liver disease was reported only in two HCV
infected children (severe hepatitis in one case and cirrhosis
in another).
At the Pediatric Liver Unit of the University “Federico
Ⅱ” (Naples, Italy), a total of 67 children with chronic
hepatitis C without other underlying systemic diseases
(31 males, median age at liver biopsy 8.6 years, range 2-15
years, median duration of HCV infection 7.2 years, range
2-15 years), underwent liver biopsy from 1986 to 2007.
Percutaneous liver biopsies were performed after informed
consent was obtained from parents or guardians in order to
assess the extent of liver damage. Histological examination
was performed by the same liver pathologist, who was
blinded to biochemical and clinical data. Specimens were
scored with regard to hepatitis activity (graded 0-18)
and fibrotic changes (staged 0-6), in accordance with the
methodology of Ishak et al[19]. Thirty-two children acquired
infection through blood transfusion, 22 through vertical
transmission, and 8 through minor surgery. The route of
infection was unknown in the remaining 5. Forty patients
were infected with genotype 1, 16 with genotype 2, 3 with
genotype 3 and 8 with other genotypes.
At the time of histological evaluation, all patients
had viremia (median serum HCV RNA 218 000 IU/mL,
range 40 000-146 7000 IU/mL) and all but two had
hypertransaminasemia (median alanine amino-transferase
value 85 IU/L, range 40-350 IU/L). Liver biopsy was
performed in 47 children before commencement of
antiviral treatment and in 20 children who remained
untreated. Liver biopsy was repeated 5.5 years (range
2-11.2 years) after the initial histological evaluation in
21 children. On a total number of 88 liver biopsies,
micronodular cirrhosis was detected only in one genotype
1b-infected obese child at the second liver biopsy[16].
In conclusion, liver histology investigation of a child
with chronic hepatitis C has few chances to highlight
severe lesions. We question how the knowledge of
histological assessment could affect the management
of chronic HCV infection in children. Is it necessary to
systematically perform liver biopsy in children with chronic
HCV infection before starting therapy? Which information
regarding the treatment will it add?
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TO THE EDITOR
We read with interest the article entitled: ‘Jejuno-jejunal
invagination due to intestinal melanoma’ by Resta G,
et al[1]. They reported a rare clinical case of a young woman
with a bleeding jejunal melanoma, whose early clinical
presentation was an intestinal invagination. The article is
also referred to the rarity of gastrointestinal melanomas as
well as their possible primary nature.
We would like to make a few comments about this and
report our experience with a case series of gastrointestinal
melanomas that have been proved of primary origin.
Malignant melanoma involving the gastrointestinal
(GI) tract is mainly related to metastatic disease, the most
common metastatic site of cutaneous melanoma[1-3]. Usually
being asymptomatic, such metastases are diagnosed premortem in 1.5%-4.49% of the patients[2-4]. GI metastases
may not be clinically detected until after removal and
potential cure of primary melanoma, mostly affecting the

small bowel, the stomach and the colon[2-8]. However, there
is a portion of GI melanomas without any documented
evidence of a primary lesion in the skin or elsewhere, even
after thorough examination[9]. Incidence of GI melanotic
metastases from unknown primary origin ranges from
4% to 9% in case series. A potential metastatic nature
remains difficult to be formally excluded, because they
can precede the identification of a primary site and
regress spontaneously or it is too small to be identified
by conventional clinical and laboratory investigations[6].
These cases might represent melanomas primarily derived
from the alimentary tract [2,3,5,6,10]. However, they could
not be documented as primary lesions because of the
retrospectivity of such studies[5,10].
Thus, identifying GI melanomas results in problems
relating to histogenesis and determination of their primary
or secondary nature. Primary mucosal melanomas are
rare, mainly arising in head and neck, female genital
tract, esophagus, anorectum and urinary tract[2,10-12]. GI
melanomas’ primary or secondary nature is often difficult to
establish, giving rise to much controversies[10-12]. Esophagus
and anorectum are considered to be the most frequent sites,
while their existence in the remaining part of the GI tract is
still debated[3,9]. Scattered cases, claimed to be of primitive
origin, are occasionally reported in the literature[2,3,6,10,14-17].
The proposed primary sources, from which melanomas
are derived, are melanoblastic cells of the neural crest, which
migrate to the ileum through the omphalomesenteric canal.
However, this theory can only explain ileal melanomas.
This discrepancy is addressed by the theory that intestinal
melanomas could originate from APUD cells, which
undergo neoplastic transformation in noncutaneous sites[14].
Over the past two decades, we have documented five
cases of solitary melanomas at the anorectum as well as the
small intestine, claiming to be primary (Table 1). Our report
includes three cases of melanoma located in the small
intestine and two cases at the anorectum. These melanomas
were considered as primitive of the gastrointestinal
tract, after thorough investigation for another primary
site elsewhere and a constant follow-up in patients after
surgery. All underwent a thorough investigation whether
they fulfill the criteria for primary GI melanomas. Clinical
presentation included abdominal pain or cramping, palpable
mass, diarrhea, GI bleeding, obstruction (Figure 1),
intussusception or weight loss.
To establish the existence of primary GI melanomas,
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Table 1 Patients’ data
Patient/Sex
Age (yr)
Location of melanoma
Size of melanoma

A/m
72
Small bowel
12 cm × 6 cm × 6cm

B/f
45
Small bowel
Multiple tan-black
lesions, ranging from
0.5 to 2 cm
Complains
Intermittent right
Abdominal cramping,
on admission
abdominal pain
diarrhea, black stools
since a month
Physical examination Palpable mass in the right Acute abdomen
lower quadrant

C/f
56
Small bowel
4 cm × 5 cm

D/m
48
Anorectum
7.5 cm × 6 cm × 2.7cm

Strangulated umbilical 3-mo history of 2-3 kg
hernia
weight loss, stools mixed
with blood
Strangulation
Digital rectal examination: obstructive mass,
just above the dentate line
Preoperative work-up CT scan: abdominal mass Plain X-rays: small
No specific finding
Biopsy: ulcerated
attached to the right colon
bowel obstruction
melanoma
Operation
Exploratory laparotomy- Laparotomy-segmental Hernioplastry-segmental Abdominoperineal
segmental enterectomy
enterectomy
enterectomy
resection
Findings in operation A mass found 30 cm distal to Intussusception, 40 cm Hernial sac: ileum with a Melanoma extended
the Treitz ligament, causing in length-multiple tan- 4 cm × 5 cm mass
through the muscularis
partial obstruction
black lesions
propria into the subserosa
Adjuvant therapies
Declined further treatment No
No
No
Metastases
No infiltrated mesenteric No
The whole thickness of 4/9 lymph nodes
lymph nodes
the wall, 3/16 lymph
infiltrated
nodes infiltrated
Postoperative course Uneventful
Uneventful
Uneventful
Uneventful
Follow-up
Died 1 yr
Disease-free 2 yr
Died 6 mo
Died 1 yr

×

Pruritus, tenesmus,
bleeding during
defecation
Digital rectal examination:
obstructive mass, blood
Endoscopy: dark brown,
partially ulcerated lesion
Sigmoidectomy-ileoanal
anastomosis
Ulcerated melanotic lesion

No
Extending to the serosa,
6/7 infiltrated local lymph
nodes
Uneventful
Died 3 mo

× 1

Figure 1 An abdominal CT scan section showing an obstructive luminal mass at
the jejunum proved to be of melanotic nature.

Figure 2 Melanoma of the small intestine with submucosal infiltration. Numerous
pleomorphic tumor cells with melanin deposits are viewed (HE, x 250).

cer tain criteria have been developed. Sug g estive
characteristics of primitive nature include lack of concurrent
www.wjgnet.com

E/f
68
Anorectal juncture
6 cm × 5 cm × 3 cm

Figure 3 Colonic malignant melanoma originated at the anorectum (HE, x 100).

or previous removal of a melanoma or atypical melanotic
lesion from the skin, lack of other organ involvement,
in situ change in the overlying or adjacent GI epithelium
and disease free survival of 12 mo after diagnosis[18]. The
latter, recognized histologically by the presence of atypical
melanotic cells in the basal layer of the epithelium and
extending in a “pagetoid” fashion into the more superficial
epithelium, may be reported in 40%-100% of primary GI
melanomas[5,17]. Histologically, the tumor cells show varying
proportions of spindled cells and epithelioid areas, the
latter is characterized by large, pleomorphic cells with large
eosinophilic nucleoli and abundant cytoplasm (Figures 2 and
Figure 3). Cells frequently are poorly cohesive, particularly
in the more epithelioid areas. Tumors may show abundant
melanin pigment, confirmed histochemically by a Masson
Fontana stain (Figure 4), within stromal macrophages and
tumor cells. They may be even completely amelanotic. Stains
that do not depend upon the presence of melanin pigment
include S100 and the more specific HMB-45 (Figure 5).
Electron microscopy demonstrates melanosomes and
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low morbidity and mortality and long-term disease-free
survival[2,4,7]. Systemic adjuvant therapy has a limited role.
Chemotherapy using cisplatin, dacarbazine and tamoxifen
has been applied, but the response rates are extremely
low[2,15]. Melanomas that arise on mucosa surfaces appear to
be more aggressive and are associated with worse prognosis
than cutaneous melanomas. This may be related to delayed
diagnosis, an inherently more aggressive behavior of
mucosal melanomas or earlier dissemination because of the
rich lymphatic and vascular supply of the GI tract mucosa.
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Abstract
The role of enteric glial cells has somewhat changed
from that of mere mechanical support elements, gluing
together the various components of the enteric nervous
system, to that of active participants in the complex
interrelationships of the gut motor and inflammatory
events. Due to their multiple functions, spanning from
supporting elements in the myenteric plexuses to
neurotransmitters, to neuronal homeostasis, to antigen
presenting cells, this cell population has probably more
intriguing abilities than previously thought. Recently,
some evidence has been accumulating that shows how
these cells may be involved in the pathophysiological
aspects of some diseases. This review will deal with
the properties of the enteric glial cells more strictly
related to gastrointestinal motor function and the
human pathological conditions in which these cells may
play a role, suggesting the possibility of enteric neurogliopathies.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The enteric nervous system (ENS) is organized in a complex
structure that controls motility, blood flow, uptake of nutrients,
secretion, immunological and inflammatory processes in
the gut[1]. Two main cell populations are represented in the
ENS, neurons and enteric glial cells (EGC), the latter being
much more abundant (up to fourfold) than neurons [2,3]
(Figure 1). In humans, the ENS is subdivided into several
plexuses (subserous, longitudinal muscle, myenteric, circular
muscle, deep muscular, muscularis mucosae, and mucosal)[4].
Ganglionated plexuses are present in the submucosa (Meissner’
s and Henle’s plexuses) and in the septum between the circular
and longitudinal layers of the muscularis propria (Auerbach’s
plexus)[5] (Figure 2A). Most EGC are found within the ganglia,
and are also present in the interconnecting nerve strands of
the ganglionated and in all non-ganglionated plexuses[6,7].
In the time course, the traditional view of EGC
function has changed from simple mechanical support (as
their very name, derived from the Greek “glue”, implies)
to more articulate and complex ones, extremely important
for the homeostasis of the gut, including influence on
motility and inflammatory processes[8-10].
In this article we will take into consideration the role
of EGC, looking at both experimental animal models
and some human diseases for which evidence exists,
and in particular their involvement in intestinal motor
abnormalities and inflammatory conditions of the gut.

MORPHOLOGY AND IDENTIFICATION OF
EGC
Anatomical considerations
These cells are small, with several projecting processes
of various length and shapes, which often confer them a
star-like appearance[2,11,12] (Figure 2B). In the ganglia, EGC
are very tightly packed around neurons[2,13] (Figure 3) and
extend several flat projections which incompletely insulate
enteric neurons from extraganglionic cells[2,14,15], whereas
in the nerve strands glial processes wrap up several axonal
bundles[2,16]. Electron microscopic studies have shown that
EGC contain intracellular arrays of 10 nm filaments (mainly
constituted by glial fibrillary acidic protein, GFAP[17-19]
crisscrossing their bodies, forming axial bundles and
anchoring the cells to the ganglionic surfaces[2] (Figure 4).
Moreover, some studies have suggested that EGC in the
various plexuses layers of the ENS may be constituted by
www.wjgnet.com
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Figure 1 A: Human colonic myenteric plexus showing that neurons (white arrows)
are less numerous with respect to EGC (black arrows) (NSE immunostaining, x 40); B:
Semithin section of human colonic submucosal plexus, showing the preponderance
of EGC (black arrows) with respect to the enteric neurons (white arrows) (Toluidine
blue, x 40).

A
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Figure 3 EGC (arrows) tightly packed around enteric neurons in a submucosal (A)
and a myenteric ganglion (B) (S100 immunostaining, x 40).

B

Figure 2 A: Full thickness section of the human colon, showing the submucosal
(black arrow) and the myenteric plexus (white arrow) (HE, x10); B: Human
myenteric ganglion, showing numerous EGC (black arrows) and an enteric neuron
(white arrow) (HE, x 100).

functionally heterogeneous populations[9,20-22].
Histological and immunohistochemical considerations
The EGC were first described in 1899 with methylene
blue staining on full thickness preparations [23]; today,
immunohistochemical methods are most frequently
employed for their identification. Mature EGC strongly
express vimentin[24] (also expressed in myofibroblasts)[25]
and GFAP, considered a specific gut glial marker[17] even
though its cellular functions are still obscure[26]. Another
frequently used EGC marker is the S100 protein, which is
thought to yield the best results in identifying these cells[27].
www.wjgnet.com
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Figure 4 Electron microscopic image of glial cells (arrows) in a human colonic
myenteric ganglion (x 1900).

This protein regulates cytoskeletal structure and function
and calcium homeostasis in the cytoplasm of glial cells[28];
in the ENS S100 is thought to be exclusively localized in
these cells[29]. Other putative antibodies for EGC, such
as glutamine synthetase (GS)[30] and the glial cell surface
antigen Ran-2[31] have not been widely employed.
It is also important to underline the fact that EGC,
being of neuroectodermal origin [32], are not related to
microglia in the central nervous system, which has a
monocyte-macrophage lineage [33]. Instead, EGC share
more similarities with astrocytes, the predominant glial
cells of the central nervous system, that regulate synaptic
transmission and neurovascular coupling[34], in addition
to be of paramount importance for the formation and
function of the blood-neural barrier[35]. However, it must

Bassotti G et al . Enteric glial cells and gastrointestinal motility

be stressed that although EGC display some similarities
with astrocytes, there are differences between these two
cell populations, such as the dependence on neuregulins
in EGC[9,36] and the functional properties[9,25]. Finally, the
EGC are structurally and functionally different from the
Schwann cells of the peripheral nerves (including those
within the intestinal wall)[37,38]; Schwann cells of intramural
nerves are S-100-positive but GFAP-negative[39].

FUNCTIONS OF EGC
Homeostatic function
Experimental evidence suggests that EGC are essential for
maintaining the homeostasis of enteric neurons. Studies
in animal models demonstrated that the loss of enteric
glia causes neuronal degeneration[40,41] and/or alterations
of the neurochemical coding of enteric neurons[42]. It is
thought that the structural and functional integrity of
enteric neurons may be due to the glial synthesis of some
still unknown trophic factor[43]. Some studies, for instance,
have shown that mature EGC produce glial-derived
neurotrophic factor and neurotrophin-3[44-46], even though
no neuronal populations depending on these substances
have so far been described in the ENS of mammals.
Recent investigations have shown that EGC may have a
dipeptide transport function, contributing to the clearance
of neuropeptides in the ENS[47].
ENS mechanical supporting functions
EGC are anchored to the surface of enteric ganglia and
nerve strands by means of GFAP bundles[48], and respond
to mechanical stimulation increasing the expression of the
immediate-early c-fos gene[49], raising intracellular Ca2+ levels
and spreading intercellular Ca2+ waves[50]. Thus, it is thought
that these cells support and stabilize the ENS through
continuous adaptations to the structural and metabolic
impairments of the gut wall[9]. Moreover, EGC express
voltage-activated inward and outward K +-channels [51],
suggesting a possible role in preventing extracellular
accumulation of K+, which can impair synaptic transmission
and ion channel kinetics in the ENS.
Neurotransmitter function
EGC might also be involved in the enteric neurotransmission. In fact, due to the exclusive expression of GS
by these cells[24,30], and the presence of glutamate immunoreactivity in human EGC[52], enteric glia could have a role
in glutamatergic signaling [9] and represents a source of
glutamine for neuronal glutamate and gamma-aminobutyric
acid (GABA) resynthesis[53]. This is further supported by
the demonstration that immunoreactivity to the highaffinity GABA transporter GAT2 mostly occurs in EGC[54],
suggesting that the latter might rapidly remove GABA
from the extracellular space. Moreover, since EGC but not
enteric neurons display immunoreactivity to L-arginine (an
essential precursor for nitric oxide)[55,56], a role in nitrergic
neurotransmission might also be possible.
Owing to the fact that EGC propagate intercellular
Ca 2+ waves, an orchestrated intestinal glial activity has
been postulated [50] that would act through a functional
network[57,58]. This network is suggested by the demonstration
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of cell-to-cell coupling between EGC (probably through gap
junctions)[12,50,51,58] and the expression of the P2Y4 receptor
on these cells[59]. EGC may also transfer information to the
neurons by means of nucleotide signaling[60-62]. Numerous
molecules (serotonin[60], histamine[60], endothelin[63], proteaseactivated receptors[64]) can also activate EGC, which increase
intracellular Ca2+ concentrations[65] or express the c-fos gene,
a marker of early cell activation. It has also been shown that
EGC express purinoreceptors[60,66] and that multiple lipidactivated signalling mechanisms exist in these cells[67,68].

EGC AND GASTROINTESTINAL
INFLAMMATION/MOTILITY
EGC and intestinal inflammation
Experimental animal studies have demonstrated that EGC
may have a role in intestinal inflammatory processes[9], and
that initiation and/or progression of inflammatory bowel
disease (especially Crohn’s disease) might be ascribed to an
immune-mediated damage to enteric glia[69]. The fact that
EGC functionally interact with lymphocytes[70-73], respond
actively to inflammation, and become activated as antigenpresenting cells[74] attracting immune cells to the ENS[9,75],
suggests that this cell population is likely involved in
inflammatory processes of the gut. Moreover, the immune
cells are usually nearby, since the intestine physiologically
contains such a cell population that provides a series of
pattern recognition receptors interacting with bacterial
molecular patterns, and helps to modulate intestinal
innate immunity and an appropriate adaptive immune
response[76-78].
Thus, it is not difficult to imagine these cells as active
participants in the pathogenesis of the so-called “functional”
gastrointestinal disorders. These are usually thought
to occur in the absence of anatomical or biochemical
abnormalities [79]. However, this definition now seems
outdated, because structural and molecular abnormalities
have begun to be recognized in subsets of patients[80]. For
instance, studies in patients with irritable bowel syndrome
disclosed the presence of inflammatory infiltrates closely
associated with the enteric plexuses and mucosal activation
of the immune system[81,82], and some patients with intestinal
dysmotility and megacolon have a lymphoplasmacellular
infiltrate within the myenteric plexus that likely accounts for
their symptoms[83].
Evidence for involvement of EGC in abnormal
gastrointestinal motility
The role of EGC has been investigated in only a few
human diseases, even though there is still no pathological
condition entirely ascribable to EGC dysfunction. For
instance, patients with colonic diverticular disease have a
significant decrease of EGC and of interstitial cells of Cajal
(ICC) in the enteric plexuses[84]. Owing to the fact that in
colonic diverticulosis the smooth muscle hypertrophy acts
as a partially obstructive mechanism, the EGC population
loss might be partly due to this mechanism, similar to that
documented for ICC in analogous experimental animal
models[85].
The number of EGC, together with that of enteric
neurons and ICC, is also considerably decreased in patients
www.wjgnet.com
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ICC

EN

EGC

Abnormal neurotrasmission

Abnormal gut motility
(delayed transit?)

Figure 5 Putative mechanisms linked to the decrease of enteric glial cells (EGC),
leading to abnormal gut motility. EN: enteric neurons; ICC: interstitial cells of Cajal.

with severe constipation (slow-transit type) undergoing
surgery for intractable symptoms[86]. Interestingly, the loss
of EGC, but not of ICC and enteric neurons, was also
documented in the terminal ileum of these patients[87]; this
implies that this cell population may be involved in the small
bowel dysmotility repeatedly described in these patients[88,89].
A significant decrease of EGC, but not of other elements
of the ENS, was then described in the myenteric and
submucosal plexuses of patients with severe constipation
due to obstr ucted defecation refractory to medical
treatment and biofeedback training[90]. These findings are
intriguing, and consistent with the recent hypothesis, based
on abnormal colonic manometric findings, that at least
one subpopulation of patients with obstructed defecation
might result from defective colonic, rather than anorectal,
function [91]. Of practical importance, our results could
give an explanation for the lack of response to treatments,
especially to biofeedback, in these patients.
More recently, we have reported a significant decrease
of EGC in patients with chagasic and idiopathic megacolon
compared to controls[92]; it is worth noting that all the above
human pathological conditions in which EGC have been
found to be decreased share a common denominator, i.e.
constipation.
How can we explain the role of EGC in pathological
conditions?
We could hypothesize that the reduced number of EGC,
together with the decrease/loss of other cell populations
essential for gastrointestinal motility, may play a role in
these diseases. For instance, the ICC decrease impairs the
pacemaker enteric signals and might add to an abnormal
neurotransmission secondary to the decreased number of
enteric neurons, and be further worsened by an impairment
of EGC. The summation of the loss of the properties
of these cell populations might thus lead to dysmotilities
of the involved viscera, by means of several mechanisms
(Figure 5): impairment of the mechanical properties of the
plexuses, decreased gut neurotransmission, and reduced
homeostatic support to the enteric neurons, leading to
neurodegeneration and/or phenotypic shift, even in the
absence of inflammation[9,93]. Experimental animal models
also support this hypothesis, suggesting that EGC play a
major role in the modulation of enteric neural circuits that
www.wjgnet.com
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regulate intestinal motility[94].
Why EGC, ICC, and enteric neurons are decreased in
such patients is still unknown. Evidences in experimental
animal models suggest that the number of EGC reduces
with aging[95], but this has not been evaluated in human
beings[96]. Other mechanisms, such as the damaging effect
of antraquinone laxatives on the ENS, have not been
confirmed with modern immunohistochemical methods[97].

CONCLUSION
Probably, the EGC should be looked at differently, since
evidence is mounting concerning an ever more active
role in the complex organization of the gastrointestinal
tract, including enteric neuroplasticity[98]. The (limited)
data so far accumulated sug gest that these cells are
probably somewhat involved in some motor dysfunction
of the gastrointestinal tract, mainly those characterized
by constipation. Thus, it is likely that in the future other
“functional” disorders of the gut, in addition to the
irritable bowel syndrome, may be reclassified. For instance,
we have recently proposed consideration of at least some
subtypes of constipation such as enteric neuropathies[99],
although seen in the light of the data on EGC we should
probably reformulate this definition in terms of neurogliopathies. However, more evidence are needed to
establish a more precise role for this fascinating cell
population, especially considering new perspectives, such
as the possibilities of neural stem cell transplantation[100-102]
for the treatment of disorders of the peripheral and
central nervous system. Hopefully, studies on EGC will
possibly be useful to establish new therapeutic approaches
to some gut disorders.
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Background

Enteric glial cells (EGC) are to date thought to be more than simple support
structures for the enteric nervous system (ENS). Recent developments in
their biological properties led to the belief that this cell population may have
pathophysiological importance in inflammatory and dysmotility conditions of the gut.

Research frontiers

The EGC have also, in addition to mechanical support function in the ENS,
homeostatic functions (are essential for enteric neuronal vitality), neurotransmitter
functions, immunological functions (may act as antigen-presenting cells) and
appear critically involved in the pathophysiology of inflammatory bowel diseases,
especially Crohn’s disease.

Innovations and breakthroughs

Recent research in human beings showed that the EGC are likely involved also in
the pathophysiological mechanisms of some diseases presenting with abnormal
gastrointestinal motility, and especially those characterized by constipation. In
fact, significant decreases of EGC have been reported in diverticular diseases,
slow transit constipation, some subsets of obstructed defecation, Chagasic and
idiopathic megacolon.
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Applications

The study of EGC, in addition to that of other components of the ENS (neurons,
interstitial cells of Cajal), might result in a better understanding of the pathophysiological
grounds of conditions characterized by abnormal gut activity, and perhaps lead to a
more targeted therapeutic approach to these disorders.
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This is an interesting review dealing with the properties of the enteric glial cells,
more strictly related to gastrointestinal motor function and the human pathological
conditions in which these cells may play a role, suggesting the possibility of enteric
neuro-gliopathies.
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Abstract
Hilar tumors have proven to be a challenge to treat and
manage because of their poor sensitivity to conventional
therapies and our inability to prevent or to detect early
tumor formation. Endoscopic stent drainage has been
proposed as an alternative to biliary-enteric bypass
surgery and percutaneous drainage to palliate malignant
biliary obstruction. Prosthetic palliation of patients with
malignant hilar stenoses poses particular difficulties,
especially in advanced lesions (type Ⅱ lesions or
higher). The risk of cholangitis after contrast injection
into the biliary tree in cases where incomplete drainage
is achieved is well known. The success rate of plastic
stent insertion is around 80% in patients with proximal
tumors. Relief of symptoms can be achieved in nearly all
patients successfully stented.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Extrahepatic malignant stenoses have traditionally been
www.wjgnet.com

separated into three groups, based on anatomical location.
Upper third or hilar tumors are those located in the
common hepatic duct and/or the right and left hepatic
ducts including their confluence. Middle third tumors
occur in the region bounded by the upper border of the
duodenum and extending to the common bile duct. Lower
third or distal bile duct tumors arise between the ampulla
of Vater and the upper border of the duodenum.
Malignant biliary obstruction at the liver hilum is
caused by a heterogeneous group of tumors that includes
primary bile duct cancer (the so-called Klatskin tumor),
cancers that involve the confluence by direct extension
(e.g., gallbladder and liver cancer), and metastatic cancer to
hilar lymphatic nodes or to the liver or
����������������
b������������
iliary t����
�����
ree�.

ANATOMICAL CLASSIFICATION
The extent of duct involvement by perihilar tumours
may be classified as suggested by Bismuth and Corlette[1]:
A. typeⅠ: tumors below the confluence of the left and
right hepatic ducts (ceiling of the biliary confluence is
intact; right and left ductal systems communicate); tumors
reaching the confluence but not involving the left or right
hepatic ducts (ceiling of the confluence is destroyed;
bile ducts are separated)��;����
���
C. �����
type Ⅲ: tumors occluding the
common hepatic duct and either the right (Ⅲa) or left (Ⅲb)
hepatic duct; D. type Ⅳ: multicentric tumors or tumors
involving the confluence and both hepatic ducts, the right
one and the left one (Figure 1).

MANAGEMENT STRATEGIES
Hilar tumors have proven to be a challenge to treat and
manage because of their poor sensitivity to conventional
therapies and our inability to prevent or to detect early
tumor formation. Untreated patients usually die within 6 mo
to a year after�����������
����������������
diagnosis.
The range of therapeutic modalities varies from
a curative approach by perfor ming extensive liver
resections-in some cases even total hepatectomy and liver
transplantation-to a more palliative approach in which a
surgical bypass or even percutaneous or endoscopic stent
insertion is undertaken, with or without radiotherapy.
All patients should be fully evaluated for resectability
before any type of intervention is performed because
stent-associated inflammation or infection often makes
assessment more difficult.
Patients being evaluated for resectability must at
first be physiologically suitable for a potential operative
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Figure 1 Schematic representation of Bismuth classification of hilar cholangiocarcinoma.

resection that may include a partial hepatectomy. The
patient’s nutritional status and risk of postoperative liver
failure are important factors to consider before proceeding
to exploration for resection. A retrospective review of
resected hilar cholangiocarcinoma cases demonstrated
that a preoperative serum albumin level < 3 g/d��������
L�������
and a
total bilirubin level > 10 mg/d����������������������������
L���������������������������
were both associated with
poorer survival[2].
Since �����������������������������������������������������������
the vast majority of extrahepatic strictures, particularly
hilar strictures are the result of a cholangiocarcinoma,
histological diagnosis is not mandatory before exploration.
The diagnosis of malignant biliary strictures depends
on the identification of tumor cells obtained by ultrasound
(US) or
������������������������������
CT-guided percutaneous fine needle aspiration,
bile sampling, endobiliary brushings, or bile duct biopsies.
Percutaneous needle biopsies are reliable only if US or CT
identifies a malignancy (sensitivity of 50%).
Bile samples, obtained through a percutaneous or
endoscopic stent, contain cancerous cells in 30�����
%����
to 40��
����
%�
of cases of cholangiocarcinoma. The use of brush biopsy
and cytologic examination may increase the yield to 40��
%�
to 70���
%��. Unfortunately,
�����������������������������������������������
even percutaneous or endoscopic
biopsy not infrequently yields non-diagnostic tissue
because of the desmoplastic nature of the lesion.
In the absence of clear evidence of unresectability, all
suspected lesions should be considered for resection.
Endoscopic approach
Endoscopic stent drainage has been proposed as
an alternative to biliary-enteric bypass surgery and
percutaneous drainage to palliate malignant biliary

obstruction. In addition, alternative approaches to biliary
stent placement have been compared with particular
interest in determining optimal stent material, design, and
placement strategies[3-7].
Prosthetic palliation of patients with malignant hilar
stenoses poses particular difficulties, especially in advanced
lesions (type Ⅱ lesions or higher). The risk of cholangitis
after contrast injection into the biliary tree in cases where
incomplete drainage is achieved is well known. Retention
of contrast and subsequent segmental cholangitis is a risk
associated with endoscopic attempts to treat advanced
hilar lesions and this has prompted some to question the
role of endoscopic drainage in this situation[8].
Some studies suggest that patients undergoing stent
placement for malignant low bile duct obstruction had
significant improvement in abdominal discomfort, weight
loss, or anorexia and sleep patterns, in addition to the
expected improvement in pruritus and jaundice[9]. Similar
studies would be needed to confirm that endoscopic
stent placement of hilar obstruction is associated with an
improved quality of life and can be justified by economic
considerations�.
Although metabolic and immune parameters appear
improved with biliary drainage, there has been no evidence
that endoscopic stent placement translates into prolonged
survival.�������������������������������������������������������
������������������������������������������������������
The success rate of plastic stent insertion is around
80% in patients with proximal tumors. Relief of symptoms
can be achieved in nearly all patients successfully stented.
Technique of stent implan��������
ta������
tion��: The options include
draining only the left hepatic system, draining only the
www.wjgnet.com
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Figure 2 A: Unilateral stent implantation in Bismuth type-Ⅰhilar stricture; B: Bilateral stent implantation in Bismuth type Ⅲ a hilar stricture; C: Unilateral stent implantation
in Bismuth type-Ⅳ hilar stricture.

right hepatic system, or draining both systems.
The decision whether to place a single biliary stent or
multiple stents depends initially on the location of the
stricture in the biliary tract.
In patients who have strictures that do not involve the
confluence of right and left hepatic ducts (Bismuth typeⅠ
hilar strictures), jaundice can be palliated completely with a
single biliary stent because both the right and left intrahepatic
ductal systems are in communication (Figure 2���
A��).
In patients who have more complex strictures (Bismuth
type Ⅱ to Ⅳ strictures) the central question is whether
adequate palliative relief of obstruction requires the
placement of two endoprostheses, one to drain the left
system and one to drain the right, or if one prosthesis
placed in either system will suffice (Figure� 2B
����������
and C��
).
Palliation of jaundice generally requires drainage of 1/4
to 1/3 of a healthy liver, or proportionally more in those
with underlying dysfunction. Hence unilateral drainage is
usually adequate, and many studies have reported good
results using a single stent in about 80% of patients with
type Ⅱ and Ⅲ tumors. No difference in efficacy has been
shown between single stent placement in the left or the
right system.
Really, the necessity to ensure the drainage of both
systems, including additional endoscopic or percutaneous
stent, if necessary, pertains more to the prevention of
procedure-induced cholangitis caused by contrast injection
in undrained biliary branches than to effective palliation.
Generally, if both lobes are imaged with contrast during
cholangiography bilateral stenting reduces the potential
sequelae of cholangitis in contaminated but undrained
areas. If contrast does not contaminate both sides then
unilateral stenting should be sufficient[10-13].
Patients with multiple intrahepatic strictures will
probably not benefit from any type of drainage procedure,
if several segments (> 1/4) will always remain undrained.
In the absence of intractable symptoms, it
���������������
������������
is probably
recommendable that these patients should not undergo
further endoscopic measures, as the risk of inducing
cholangitis outweighs any benefits that could be possibly
realized from the establishment of the endoscopic drainage.
Recent reports describe the utility of m������������������
agnetic resonance
cholangiopancreatography (�����������������������������
������������������������������
MRCP�������������������������
)������������������������
or CT imaging to guide
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selection of the target lobe for subsequent endoscopic
stenting, often without use of contrast[12,13].
Selection of the stent (plastic or metal)��: Theoretically,
a metal stent should result in better drainage than a plastic
stent in hilar strictures.
The metal stents have two advantages over the plastic
stents: it does not occlude side branches because of the
multiple meshes; furthermore, because most hilar tumors
are firm and scirrhous, tumor ingrowth probably occurs
less frequently.
Metallic stents offer longer but still limited stent
patency duration of about 4 to 6 mo compared with a
patency duration of 2 to 4 mo for plastic stents.
In contrast to plastic stents, metallic stents are not
removable after the first few days of deployment, as the
stent becomes embedded in the tumor tissue, which may
grow into each of the individual mesh opening. Thus,
metallic stents should be used in patients with proven
unresectable malignancies, because initial insertion of
an expandable metal stent makes subsequent surgery
more difficult as these stents cannot be readily removed
surgically.
The main disadvantage is the cost of the metallic stent
(USD 900-1200), and identification of patients who are likely
to out-live their first plastic stent, and warrant a metal stent,
is a major challenge for the managing clinician. Cost analysis
showed that metallic stents were advantageous versus plastic
stents in patients surviving more than 6 mo and very costly
when patients survived less than three months. Therefore, the
use of metal stents should be restricted to those patients with
unresectable tumors who will, in all probabilit���������������
y��������������
, live longer
than 3 mo. Unfortunately there is no good way to predict life
expectancy at this time. Tumor size (> 3 cm), evidence of
diffuse liver metastases, and general condition of the patient
could guide the choice of stent.

CONCLUSION
The evaluation of patients with suspected malignancy of
the hepatic hilum should include helical or multislice CT
of the abdomen. An MRCP should be obtained to assess
for resectability.����������������������������������������������
���������������������������������������������
If the disease is resectable and the patient

De Palma GD� et al . Malignant strictures at hepatic hilum and endoscopic palliation

is fit, surgical resection of the lesion should be performed.�
Preoperative ERCP should be avoided unless there is
cholangitis or significant delay in surgery and the patient
is symptomatic.����������������������������������������������
If
���������������������������������������������
the lesion is unresectable or the patient
is unfit for surgery, then endoscopic palliation of jaundice
should be performed by using the MRCP as a guide for
unilateral drainage to minimize cholangitis. If cholangitis
occurs, ERCP or a percutaneous approach to drain the
obstructed lobe of the liver should be performed promptly.�
The use of metal stents should be restricted to those
patients who will, in all probability, live longer than 3 mo�.
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Abstract
Hepatorenal syndrome (HRS) is a “functional” and
reversible form of renal failure that occurs in patients with
advanced chronic liver disease. The distinctive hallmark
feature of HRS is the intense renal vasoconstriction
caused by interactions between systemic and
portal hemodynamics. This results in activation of
vasoconstrictors and suppression of vasodilators in the
renal circulation. Epidemiology, pathophysiology, as well
as current and emerging therapies of HRS are discussed
in this review.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The association between liver disease and renal dysfunction
was reported more than a century ago when patients
with chronic liver disease and normal renal histology
were found to develop oliguric renal failure (Flint A, Am
J Med Sci 1863). This led to proposed links between renal
dysfunction and the derangement in systemic circulation
secondary to the liver failure[1].
Renal failure in patients with liver disease may be caused
by several factors, including shock, sepsis, nephrotoxic
www.wjgnet.com

medications, intrinsic renal diseases, or volume depletion
secondary to diuresis or large-volume paracentesis.
However, renal failure may also occur in patients with
liver disease in the absence of the above factors and in
the absence of major renal histological changes. This
is referred to as hepatorenal syndrome (HRS). HRS is
considered a “functional” and reversible form of renal
failure[2-6]. The International Ascites Club defined HRS as:
“a syndrome that occurs in patients with advanced chronic
liver disease and advanced hepatic failure and portal
hypertension characterized by impaired renal function
and marked abnormalities in the arterial circulation
and activity of the endogenous vasoactive systems. In
the kidney, there is marked renal vasoconstriction that
results in low glomerular filtration rate (GFR). In the
extrarenal circulation, there is a predominance of arterial
vasodilation, that results in reduction of total systemic
vascular resistance and arterial hypotension". The
incidence of HRS in patients with chronic liver disease
is not well studied. In one study of 234 non-azotemic
patients with liver disease who had ascites and cirrhosis,
18% developed HRS at 1 year, and 39% by 5 years [7].
Although HRS usually occurs in patients with advanced
cirrhosis, it has also been described in patients without
ascites in the setting of acute fulminant hepatic failure[8].

PATHOPHYSIOLOGY
Approximately 80% of hospitalized patients with
cirrhosis and ascites have decreased renal perfusion due
to moderate vasoconstriction in the renal circulation,
which predisposes them to develop HRS[7-9]. In 10%-17%
of these patients, renal vasoconstriction becomes intense
enough to cause significant renal hypoperfusion, resulting
in HRS [7,10]. This intense renal vasoconstriction is the
distinctive hallmark feature of HRS[11,12]. The mechanisms
of renal vasoconstriction are complex and multifactorial,
and are incompletely understood. There appear to be
interactions between changes in systemic hemodynamics,
portal hypertension, activation of vasoconstrictors, and
suppression of vasodilators in the renal circulation[13,14]. In
contrast, significant vasodilation occurs in the splanchnic
arterial bed secondar y to increased production of
local vasodilators, predominantly nitric oxide[15]. Other
vasodilators hypothesized to play a role in splanchnic
arterial vasodilation include prostacyclin, prostaglandin E2,
atrial natriuretic peptide, kallikreins, and kinins[10,16,17]. This
splanchnic vasodilation is believed to lead to compensatory
responses by activating vasoconstrictors including the renin-
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Liver
disease

Vasoconstrictors (terlipressin,
somatostatin, octreotide,
NA, AVP)

Table 1 Clinical types of HRS

Portal hypertension

TIPS

Arterial underfilling
portal hypertension

←

Vasoconstrictor stimulation
(Including:RAAS, neuropeptide Y,
endothelin-1, NE, thromboxane A2,
adenosine, AVP)

Splanchnic
vasodilation

Type 1
(1) 100% increase in serum creatinine to a level higher than 2.5 mg/dL
or a 50% reduction of the initial 24-h creatinine clearance to a level
lower than 20 mL/min in less than 2 wk
(2) Very poor short-term outcome
Type 2
(1) Serum creatinine > 1.5 mg/dL, without meeting the criteria for type 1 HRS
(2) Refractory ascites is usually present
(3) Prognosis is not as poor as with type 1

Altered renal
blood flow

PRECIPITATING FACTORS
Liver transplant

HRS
typeⅠ

HRS
typeⅡ

Figure 1 Pathophysiology of HRS and potential therapeutic interventions. NA:
noradrenalin; AVP: arginine vasopressin; RAAS: renin-angiotensin system; NE:
norepinephrine; TIPS: transjugular intrahepatic portosystemic shunt.

angiotensin-aldosterone system (RAAS), neuropeptide Y,
endothelin-1, norepinephrine, thromboxane A2, adenosine,
and antinatriuretic agents such as arginine vasopressin
(AVP). This leads to retention of sodium and water in
addition to renal vasoconstriction[15,18,19]. Other factors such
as the absence of or decrease in glomerulopressin or other
liver-borne diuretic factors (factors that are released by the
liver and target the kidney) could also contribute to renal
failure[20]. In recent years, the potential role of cirrhotic
cardiomyopathy has been postulated in the pathogenesis
of HRS. Ruiz-del-Arbol et al have demonstrated that HRS
is due to decreased cardiac output in the setting of a severe
arterial vasodilation[21]. Similar circulatory events were also
shown in cirrhotic patients who developed spontaneous
bacterial peritonitis[22].
In the early stages of cirrhosis, the activation of local
vasodilators may overcome the renal vascular effects
of systemic vasoconstrictors, maintaining adequate
renal perfusion [23] . As liver disease progresses, the
renal vasodilators are no longer able to antagonize the
circulating vasoconstrictors, and this results in severe
renal vasoconstriction and impaired renal blood flow. In
addition, the hypoperfusion itself may lead to further
intrarenal vasoconstriction. Figure 1 summarizes the
complex pathways involved in the development of HRS
and potential therapeutic interventions.

CLASSIFICATION OF HRS
T here are two types of HRS (Table 1). Type 1 is
characterized by a rapid elevation in blood urea nitrogen
(BUN) and creatinine, often defined as a 100% increase in
serum creatinine, reaching a level higher than 2.5 mg/dL in
less than two weeks[2]. The mortality of patients with type
1 HRS has been reported to be 80% at two weeks[7]. Type 2
HRS, on the other hand, generally follows a slower course
and has a better prognosis. It is usually characterized by
recurrent, diuretic-resistant ascites[10,14], and is thought to be
due to significant activation of anti-natriuretic systems[2].

HRS may develop spontaneously without known
precipitating factors, but there are known triggers[14,24].
Spontaneous bacterial peritonitis (SBP) has been associated
with type 1 HRS in approximately 20% of cases [21,25],
even with treatment and resolution of the infection.
These patients have a very poor outcome. HRS may
also occur after therapeutic paracentesis without plasma
expansion [26,27]. Gastrointestinal bleeding has also been
identified as a precipitant of HRS, but this usually occurs in
patients with hypovolemic shock. In this setting, acute renal
tubular ischemic injury or necrosis is more likely to be the
cause of acute renal failure than HRS[28]. There is no clear
evidence to support diuretic-induced volume depletion as
a precipitating factor of HRS[14]. Other factors that have
been associated with an increased risk of developing HRS
in patients with ascites and cirrhosis include severe urinary
sodium retention, spontaneous dilutional hyponatremia,
and a mean arterial blood pressure less than 80 mmHg.
There is not a direct linear association between the severity
of liver failure and the incidence of HRS, but HRS is
usually seen in patients with advanced liver disease and
portal hypertension[14,23].

DIAGNOSIS OF HRS
There are no specific clinical or laboratory findings for
the diagnosis of HRS. The diagnosis is established based
on predefined criteria in the appropriate clinical setting
(Table 2). Patients with advanced liver disease may develop
renal failure from a number of causes other than HRS,
and these causes must be excluded before making a
diagnosis of HRS. Common causes of renal failure in
patients with cirrhosis include volume depletion (which
could be secondary to over-diuresis, diarrhea, or poor fluid
intake), nephrotoxic medications (commonly non-steroidal
anti-inflammatory agents and aminoglycosides), allergic
interstitial nephritis, acute tubular necrosis (from various
factors including shock), contrast nephropathy, and intrinsic
renal diseases such as glomerulonephritis. A renal biopsy
may rarely be necessary if the diagnosis is unclear, mainly
to exclude other treatable renal diseases. It is also important
to note that there are significant limitations in using serum
creatinine as a marker of renal function in patients with
liver disease. Patients with advanced liver disease usually
have reduced muscle mass and hence low endogenous
production of creatinine. When creatinine clearances in
cirrhotic patients were compared with inulin clearances, the
www.wjgnet.com
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glomerular filtration rates were significantly overestimated[29].
Alternative diagnostic approaches have been applied in
order to overcome the limitation of serum creatinine
values in this population. Platt et al[9] examined the utility of
Doppler ultrasonography to assess the resistive indices of
the renal vasculature. In their study of 180 patients with liver
disease without azotemia, 42% of the patients were found
to have an increase in renal vascular resistive indices. Of
those patients, 55% subsequently developed renal failure as
compared to 6% of those with normal resistive indices. The
sensitivity and specificity of the resistive index in detecting
renal failure were estimated at 71% and 80% respectively
in a group of cirrhotic patients[30]. However, this technique
is operator-dependent and is still under investigation, and
therefore is not currently recommended as a standard
method to diagnose HRS.

PROGNOSIS
The prognosis of HRS is extremely poor. The median
survival time of patients with type 1 HRS is less than 2
wk, with less than 10% surviving their hospital stay[7]. The
survival time of patients with type 2 HRS, although still
short, is significantly longer, with a median survival time
of approximately 6 mo[14].

MANAGEMENT
Prevention of HRS
Prevention of HRS is potentially possible in some
high-risk patients. In patients with SBP, administering
intravenous albumin (1.5 g/kg upon diagnosis, and then
1 g/kg after 48 h) in addition to antibiotics has been
shown to decrease the incidence of HRS and to decrease
hospital mortality as compared with treatment with
antibiotics alone[26]. The authors of that study postulated
that the administration of albumin prevented circulatory
dysfunction by maintaining effective arterial blood volume
and therefore prevented vasoconstrictor activation.
However, albumin is expensive, and more studies are
needed to determine if lower doses of albumin or less
expensive artificial plasma expanders are as effective. In
one study, administration of pentoxifylline (400 mg orally
three times a day) to patients with severe acute alcoholic
hepatitis decreased the incidence of HRS as well as the
short-term mortality rate compared to placebo[31]. This
benefit may be related to the inhibition of tumor necrosis
factor production. Although both of the above studies
support the idea of preventing renal failure in the setting
of liver failure, there are no data evaluating the long-term
survival benefit in this population. Moreover, there have
been no further confirmatory studies.
General management measures
In patients with type 1 HRS, diagnostic paracentesis is
generally recommended to evaluate for SBP. In addition,
diuretics should be discontinued as they may potentially
worsen renal function. In the absence of contraindications,
patients with type 1 HRS should also be evaluated for
expedited liver transplantation.
www.wjgnet.com
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Table 2 Diagnostic criteria of hepatorenal syndrome

1

Major criteria (all must be present for the diagnosis of HRS)
(1) Advanced hepatic failure (acute or chronic liver disease) and
portal hypertension
(2) Low GFR defined as serum creatinine > 1.5 mg/dL or creatinine
clearance < 40 mL/min
(3) Absence of shock, significant volume losses, ongoing infection,
or treatment with nephrotoxic medications
(4) Absence of a sustained improvement in renal function after cessation of
diuretics and expansion of plasma volume with 1.5 L of isotonic fluids
(5) Urine protein excretion < 500 mg/dL with no ultrasonographic
evidence of obstruction or parenchymal renal disease
Additional criteria (not necessary for the diagnosis, but provide
supportive evidence)
(1) Urine volume < 500 mL/d
(2) Urine sodium < 10 mEq/L
(3) Urine osmolality greater than plasma osmolality
(4) Urine red blood cells < 50 per high-power field
(5) Serum sodium concentration < 130 mEq/L
1

Adapted from Arroyo et al[2].

Pharmacological therapy
Several systemic vasoconstrictors have been utilized in
the treatment of type 1 HRS as summarized in Table 3.
Renal vasodilators such as dopamine and prostaglandin
analogues are no longer recommended due to their side
effect profile and the lack of clinical evidence to support
their use. Other potential forms of therapy that have not
been extensively tested include endothelin blockers[32] and
N-acetylcysteine[33].
The rationale behind the use of vasoconstrictors along
with plasma expansion is that they will counteract the
splanchnic arterial vasodilation, which is hypothesized
to be the initial event in the pathogenesis of HRS.
Unopposed splanchnic arterial vasodilation may cause a
decrease in effective arterial volume which in turn triggers
the activation of vasoconstrictors[23,34]. Vasoconstrictors
that have been widely used for type 1 HRS include
vasopressin analogues (ornipressin and terlipressin), a
somatostatin analogue (octreotide), and alpha-adrenergic
analogues (midodrine and noradrenalin). In most studies,
albumin was administered concurrently.
The vasopressin analogues are effective in causing
marked splanchnic vasoconstriction. Ornipressin,
although effective in treating HRS, may cause significant
ischemic side effects and is not currently recommended
for the management of HRS[35]. Studies using terlipressin,
the long-acting analogue of vasopressin, have shown
significant improvement in renal function in approximately
60%-75% of patients, with a lower than 5% incidence of
ischemic side effects[36-43]. In these studies, patients with
Child-Pugh scores less than or equal to 13 and/or those
who received albumin infusions had a more favorable
outcome. However, it is important to note that GFR was
not normalized in most patients who responded [37,39].
Approximately 15% of patients had recurrence of HRS
once treatment was discontinued. Small, short-term,
non-randomized studies suggest that treatment with
terlipressin may also improve renal function in patients
with type 2 HRS[34]. Terlipressin is not currently licensed
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Table 3 Non-invasive therapies
Author
and Year

n (# Type 1, Study design

Moreau et al 99 (99/0)
2002[38]

Kiser et al
2005[44]

Intervention

Outcome
measures

Multicenter,
retrospective

Terlipressin
(75% received
albumin)

Observational
(retrospective
cohort)

Randomized
placebocontrolled
single-blind

# Type 2)

43 (32/11)

Solanki et al 24 (24/0)
2003[43]

Mean
baseline
SCr

Mean
follow-up
SCr

Other results

Comments

Reduction of
272 ± 114
SCr to
μmol/L
< 130 μmol/L
or a decrease of
at least 20% at
end of treatment)

Responders:
138 ± 59
μmol/L
Nonresponders:
382 ± 210
μmol/L

Renal function
improved in
58% of
patients.

Vasopressin
(AVP) vs
octreotide vs
combination

Clinical
response;
SCr 1.5 mg/dL
or less

3.9 ± 3.3
mg/dL

Responders:
SCr decreased
by 62% ± 9%
Nonresponders:
SCr increased
by 46% ± 119%

Terlipressin
vs placebo (all
patients received
albumin) for
4-15 d

Reversal of
HRS and
survival at
15 d

SCr
1.5 mg/dL
or lower

Terlipressin:
2.9 ± 0.1
mg/dL
Placebo:
2.2 ± 0.2
mg/dL
Terlipressin
with albumin:
3.6 ± 1.5
mg/dL
Terlipressin
without
albumin:
3.4 ± 0.3
mg/dL
Group 1:
215 ± 32
μmol/
Group 2: 208
± 16 μmol/L

Terlipressin:
1.2 ± 0.2 mg/dL
at d 15 Placebo:
no survival at d
15 (SCr 3.9 ± 0.2
mg/dL on d 8)
Terlipressin
with albumin:
1.5 ± 0.2 mg/dL
Terlipressin
without
albumin:
3.4 ± 0.7 mg/dL

42% complete
response with
AVP vs 38%
with AVP
and octreotide
vs 0% with
octreotide alone.
In terlipressin
group, 5 of 12
patients survived.
None survived
by d 15 in
placebo group.
10 of 13 patients
who received
terlipressin
and albumin
responded.
Of 8 patients
who received
terlipressin alone,
2 responded.
Treatment with
octreotide was
not effective.

Twenty-three patients
had adverse events
that may have been
terlipressin-related.
Three patients
required RRT 40%
survival at 1 mo.
No adverse effects
related to AVP.
RRT rates: 50% in
AVP group, 58% in
combination group,
and 31% in octreotide
alone group.

Ortega et al
2002[39]

21 (16/5)

Prospective,
Terlipressin with
nonrandomized albumin vs
without albumin
for 4-14 d

PomierLayrargues
et al 2003[61]

19 (NS)

Randomized,
double-blind,
placebocontrolled,
crossover

Placebo, then
20% decrease
octreotide
in SCr
(Group 1)
after 4 d
vs octreotide, then
placebo (Group 2)
(all patients
received albumin)

Colle et al
2002[42]

18 (18/0)

Chart review
(retrospective
analysis)

Terlipressin
Decrease in SCr
(some patients
to < 130 μmol/L
received albumin) or decrease of at
least 20% leading
to a stable value;
evaluation of
predictive factors

Patients with
improved
SCr:
276 ± 47
1
μmol/L
Patients
without
improved
SCr: 295 ± 891
μmol/L

Halimi et al
2002[41]

18 (16/2)

Multicenter
pilot
(retrospective)

Terlipressin
for 2-16 d

298 ± 124
μmol/L

> 30% decrease
in baseline SCr

Group 1:
222 ± 41
μmol/L
after placebo;
270 ± 54
μmol/L
after octreotide
Group 2:
194 ± 34
μmol/L
after octreotide;
204 ± 47
μmol/L
after placebo
Patients with
11 patients
improved SCr: had improved
130 ± 13
renal function
μmol/L
Patients with
improved SCr:
411 ± 89
μmol/L

145 ± 85
μmol/L

13 of 18 had
improved renal
function; 8 had
a normal
SCr at d 5

One patient had
ischemic side
effects
(finger ischemia).
At 1 mo, there
was a 5%
recurrence of
HRS after
complete response.
The study
included types 1
and 2 HRS patients
(numbers in each
group not
specified).
No side effects
reported.

Some of these
patients were
included in the
Moreau study.
Patients with
improved renal
function had less
severe cirrhosis
than patients
without. Patients
without a
precipitating
factor for HRS
or who responded
to terlipressin
were more likely
to survive.
Three patients
had ischemic
side effects.
One had severe
bronchospasms
after terlipressin
administration, and
subsequently died.
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Guevara et al 16 (Type NS) Open pilot
1998[49]
study

Ornipressin
and albumin
for 3 vs 15 d
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3-d arm:
2.9 ± 0.5
mg/dL
15-d arm:
3.0 ± 0.5
mg/dL
Group A:
3.6 ± 0.6
mg/dL
Group B:
5.0 ± 0.9
mg/dL
222 ± 27
μmol/L

3-d arm:
2.2 ± 0.4
mg/dL
15-d arm:
0.7 ± 0.1
mg/dL
Group A: 5.1 ± 1.5
mg/dL at 15 d
(only 1 patient
survived to d 20)
Group B: 3.3 ± 0.7
mg/dL at 20 d
169 ± 7
μmol/L

1.8 mg/dL

Volume 13

75% of patients
had improved
renal function.

Angeli et al
1999[62]

13 (13/0)

Efficacy
Nonrandomized Dopamine and
albumin (Group
A) vs midodrine,
octreotride, and Ⅳ
albumin (Group B)

Holt et al
1999[33]

12 (NS)

Open label

N-acetylcysteine
for 5 d

Efficacy

Mulkay et al
2001[40]

12 (12/0)

Pilot

Terlipressin for
1 wk to 2 mo

Safety and
efficacy

3.4 mg/dL

Duvoux et al 12 (12/0)
2002[48]

Pilot

Noradrenalin
(NA), albumin,
and furosemide
for at least 5 d

Safety and
efficacy

2.6 ± 1.1
1.6 ± 0.8 mg/dL
mg/dL prefurosemide/
albumin;
3.9 ± 1.8
mg/dL
after infusion
(pre-NA)

Baseline CrCl: CrCl after
15 ± 2
terlipressin
mL/min
(includes both
groups): 27 ± 4
mL/min
CrCl after placebo
(includes both
groups):
16 ± 3 mL/min
3.9 ± 0.7
1.5 ± 0.2 mg/dL
Reversal of HRS
mg/dL
in 7 of 9 patients.

All Group B patients
had improved GFR.
7 of 8 patients
in Group A had
worsening renal
function and died.

Reversal of HRS
in 10 of 12 patients

Hadengue
et al 1998[63]

9 (9/0)

Double-blind,
short-term,
controlled
crossover
study

Terlipressin and
placebo for 2 d in
randomized order

Efficacy

Uriz et al
2000[37]

9 (6/3)

Pilot

Terlipressin with
albumin for 5-15 d

Reduction
of serum
creatinine
to < 1.5
mg/dL

Angeli et al
1998[45]

8 (0/8) +
Open label
17 cirrhotic
patients
without HRS

Midodrine
(one dose)

Renal
GFR:
function and 39.0 ± 6.4
renal hemo- mL/min
dynamics
(acute effects)

GFR:
45.1 ± 7.6
mL/min

No significant acute
effect on renal
hemodynamics or
renal function.

2× increase
in Crcl
(to > 40
mL/min)

Treatment
success group:
1.3 ± 0.2
mg/dL

HRS was reversed
in 4 of 7 patients

Gulberg et al 7 (7/0)
1999[64]
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Nonrandomized Orinpressin,
dopamine, and
albumin for 5-27 d

Treatment
success
group:
4.6 ± 0.9
mg/dL, and
improved to
1.3 ± 0.2
mg/dL

Number 30
Treatment was
stopped in 4 patients
on the 15-d
protocol because
of ischemic
complications.
No significant
side effects.

67% survival at
1 mo, and 58%
at 3 mo (2 patients
received liver
transplants).
Three patients
received liver
transplants, and
had near-normal
renal function.
The other 9 died
during follow-up.
No ischemic
complications.
Two patients had
previously received
terlipressin
(underwent 48-h
washout before
starting NA).
Transient
myocardial
ischemia was
observed
in 1 patient.
No side effects
reported.

One patient did
not complete
the study due
to pancreatitis.
No ischemic
complications.
This study looked
at the acute effect
of one dose of
midodrine.
The results include
cirrhotic patients
without HRS.
Two responders
had a relapse.
One of them
responded to
retreatment, but
treatment was
stopped in the other
because of a
ventricular
tachyarrhythmia.
Treatment was
stopped in another
patient because of
intestinal ischemia.
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Kaffy et al
1999[65]

5 (NS)

Pilot

Octreotide
for 5 d

4051
Efficacy

194 μmol/L
in 4 patients

96 μmol/L
in 4 patients

Improvement of but 4 of 5 patients eventually died.
SCr in 4 of 5
HRS rapidly recurred when octreotide
patients,
was stopped, and did not respond to
further octreotide infusion.

SCr: Serum Creatinine; RRT: Renal replacement therapy; NS: Not Specified; CrCl: Creatinine Clearance. Cr conversion from μmol/L to mg/dL: divide by 88.4.

Table 4 Invasive therapies
Author and
Year

N (# Type 1,
# Type 2)

Study design

Brensing et al 31 (14/17); an Phase Ⅱ
2000[50]
additional 10
were too sick
to receive TIPS

Prospective

Intervention

Outcome
measures

Mean
baseline SCr

Mean
follow-up SCr

Other results

TIPS

Safety and
survival

(Of the 31
patients who
received TIPS)
2.3 ± 1.7
mg/dL

Wk 4:
1.5 ± 1.2
mg/dL

Renal function
improved within
2 wk after
TIPS and
subsequently
stabilized.

Midodrine,
octreotide,
albumin,
and TIPS

Efficacy (serum
creatinine < 135
μmol/L for
at least 3 d)

Responders:
233 ± 29
μmol/L
Nonresponders:
345 ± 83
μmol/L

Responders:
112 ± 8
μmol/L after
medical therapy
Nonresponders:
476 ± 139
μmol/L after
medical therapy.

Wong et al
2004[46]

14 (14/0)

Alessandria
et al 2002[36]

16 (0/11, and Prospective,
an additional 5 nonrandomized
with “organic
renal disease”)

Terlipressin Efficacy
for 7 d (and
TIPS in stable
patients)

2.4 ± 0.9
mg/dL

After terlipressin
therapy: 1.8 ± 0.8
mg/dL
After TIPS:
1.4 ± 0.3
mg/dL

Guevara et al
1998[49]

7 (7/0)

Prospective

TIPS

4.9 ± 0.8
mg/dL

Witzke et al
2004[53]

30 (NS)

Prospective

CVVHD (if
Survival
mechanically
ventilated) vs
intermittent
HD if not
ventilated

1 wk after TIPS:
3.7 ± 1.0 mg/dL
1 mo after TIPS:
1.8 ± 0.4 mg/dL
N/A

Efficacy

N/A

Comments

Three-month
survival rate was
81% (10% of nonshunted patients
survived, but
they were felt
to be too sick to
receive TIPS).
There was 1
TIPS-related death.
Renal function
TIPS was
improved in 10
performed in
of 14 patients
responders who
(71%) with
were stable.
medical therapy. Two of the five
Five responders
responders
received
who did not
TIPS; their
receive TIPS
renal function
underwent liver
continued to
transplantation,
improve. Mean
and their SCr
GFR was 96 ± 20 remained
mL/min by 12
normal at the
mo post-TIPS.
time of liver
transplantation.
Terlipressin: 8 of Renal function
11 HRS patients
improved
had improved
significantly
renal function
after TIPS in all
(and 7 of the 8
patients who
responders had
responded to
reversal of HRS
terlipressin.
(SCr < 1.5 mg/dL) One HRS patient
Subsequent TIPS: who did not
8 of 9 patients
respond to
(89%) who
terlipressin
underwent TIPS
underwent TIPS
had improved
and responded.
renal function by In the non-HRS
1 mo.
group (with
“organic renal
disease”, only
one patient had
an improved
SCr (from 3.7
to 1.8 mg/dL)
with terlipressin
treatment.
Renal function
Mean survival
improved in 6 of was 4.7 ± 2 mo.
7 patients.
8 of 15 patients
who received HD
survived. None
of the ventilated
patients (received
CVVHD) survived.

Note that the
sickest patients
(on a ventilator)
all received
CVVHD.
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Keller et al
1995[54]

Mitzner et al
2000[55]
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26 (NS); an
Retrospective
additional 81
patients had
liver disease
and renal
failure,
but were
not diagnosed
with HRS
13 (Type 1) Prospective,
randomized,
controlled

HD

World J Gastroenterol
Risk factor
N/A
evaluation
and outcomes

MARS and
Survival
HDF and
standard medical
therapy vs HDF
and medical
therapy

August 14, 2007
N/A

MARS + HDF:
3.8 ± 1.5
mg/dL
HDF alone:
4.4 ± 1.3
mg/dL

MARS + HDF:
2.3 ± 1.5 mg/dL
HDF alone:
3.8 ± 0.5 mg/dL

Jalan et al
2003[66]

8 (5/2, and
one patient
without
HRS)

Prospective,
MARS
nonrandomized

Safety and
efficacy

162 (51–312)
μmol/L

108 (34–231)
μmol/L

Mitzner et al
2001[55]

8 (NS)

Uncontrolled

Multiple
organ
function
changes

380 ± 182
μmol/L

163 ± 119
μmol/L

MARS

Volume 13

Number 30

7 of 16 patients
with HRS who
received HD
survived, while
only 1 out of 16
patients with
HRS who did
not receive HD
survived.
At one week:
62.5% mortality
in the treatment
group, and 100%
mortality in
the group who
did not receive
MARS.

None of these
patients
underwent liver
transplantation
or received
TIPS or
vasopressin
analogues during
the observation
period.
50% survival at All of the patients
3 mo follow-up
had alcoholic
hepatitis and were
encephalopathic.
Renal function
improved in all
patients. Of the
5 patients with
type 1 HRS, 3
remained anuric,
but there was
normalization of
SCr in the other
2 patients. SCr
was normalized
in both patients
with type 2 HRS
by the end of
treatment.
Improvement in
multiple organ
functions

SCr: Serum creatinine; CrCl: Creatinine clearance; TIPS: Transjugular intrahepatic portosystemic shunt; NS: Not Specified; CVVHD: Continuous veno-venous
hemodialysis; HD: Hemodialysis; MARS: Molecular adsorbents recirculating system; HDF: Hemodiafiltration. Cr conversion from μmol/L to mg/dL: divide
by 88.4.

for use in North America, but a double-blind, randomized,
placebo-controlled trial is now being conducted in the
USA and Germany in patients with type 1 HRS. Alpha-1
adrenoreceptor agonists and a somatostatin analogue
are readily available in North America and have been
studied in type 1 HRS. An observational study compared
vasopressin infusion with octeotride infusion in patients
with HRS, and found a complete response rate of 41% in
the patients treated with vasopressin compared with 0%
in the patients treated with octreotide[44]. In type 1 HRS,
alpha-1 agonists have only been used in combination
with other agents. Few nonrandomized, prospective
studies have evaluated treatment with both midodrine
and octreotide[45-47]. The study by Angeli[45] included only
five patients and showed that after 20 d of treatment, all
patients had serum creatinine levels below 2 mg/dL. In
the study by Wong et al[46], 10 of 14 patients with HRS
treated with midodrine, octreotide, and albumin had
their serum creatinine stable at less than 1.5 mg/dL for
three days. The use of noradrenalin in combination with
www.wjgnet.com

intravenous albumin and furosemide was studied in 12
patients[48]. HRS was reversed in 83% of patients, with an
adverse event rate of 17%. These small studies suggest
a short-term benefit in improving renal function in HRS
patients, although larger, randomized studies are required
before recommending the routine use of these agents in
clinical practice. Other drugs, such as N-acetylcysteine and
misoprostol, have been proposed as therapy for HRS, but
have not been well-studied.
Non-pharmacologic therapy
Transjugular intrahepatic portosystemic shunts (TIPS),
by reducing portal hypertension, may be useful in treating
HRS (Table 4), although no trials have shown a survival
advantage[49-51].
Renal replacement therapy
Patients with HRS who progress to severe renal failure
can be initiated on renal replacement therapy (RRT),
generally given as continuous hemofiltration. Dialysis
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is usually used as a bridge in patients who are awaiting
liver transplantation, and is not recommended for
patients who are unlikely to recover from liver failure or
are unlikely to receive liver transplantation because of
other contraindications. Survival on dialysis is generally
dependent on the severity of liver disease[52]. There are
only a few small studies evaluating the effects of dialysis in
HRS[53,54]. Keller et al[54], in a retrospective study, found that
7 of 16 patients with HRS who received RRT survived,
while only 1 out of 16 patients with HRS who did not
receive RRT survived. In the prospective study by Witzke
et al[53], 30 patients with Child-Pugh C cirrhosis and HRS
were treated with continuous veno-venous hemodialysis
(CVVHD) if they were on mechanical ventilation, or with
intermittent hemodialysis if they were not on mechanical
ventilation. No patients on mechanical ventilation survived
for more than 30 d, but 8 of 15 patients who were not on
mechanical ventilation survived for more than 30 d. The
absence of a control group and lack of randomization
make it difficult to draw any firm conclusions from this
study.
Molecular absorbent recirculating system (MARS) is a
form of albumin dialysis, which removes “toxins” such as
tumor necrosis factor-alpha, interleukin-6, and nitric oxide
via binding to dialysate albumin. A small, randomized trial
showed a survival advantage of MARS when compared
to standard therapy in HRS patients [55]. To date, there
have been no other published trials comparing MARS to
standard RRT.

treated with vasopressors and albumin prior to LT had
similar survival outcomes compared to those patients who
underwent OLT without HRS[60]. However, the study had
only 9 patients with HRS and as correctly stated by the
authors, further confirmation in a larger series of patients
is required. Clearly, further prospective studies are needed
to guide transplant physicians to determine whether they
should transplant the liver and the kidney or the liver alone
in patients with liver failure and kidney failure.

Transplantation
Liver transplantation (LT) is the only effective and
permanent treatment for HRS [10,14,56,57] that cures both
the liver and renal failure. However, the 5-year survival
rate in LT recipients with HRS is significantly less than
in LT patients without HRS [56]. Patients who undergo
LT may sometimes require postoperative hemodialysis.
It is preferable to delay administration of cyclosporine
or tacrolimus until renal impairment improves in these
patients, as these drugs may further worsen renal function.
The issue of whether to transplant a kidney in addition
to a liver (LKT, combined liver kidney transplantation) is
an important one as well. HRS alone is not considered an
indication for a LKT[58]. A renal biopsy may be helpful in
some patients to identify the etiology of the renal failure
and to determine the presence and extent of glomerular
scarring [59]. LKT should be reserved for patients with
irreversible renal failure, including HRS patients who are
on dialysis for more than 8 wk or patients with progressive
primary renal disease [59] . United Network of Organ
Sharing (UNOS) data indicate a 5-year survival of LKT
recipients of 62% compared with 50% for patients with
a serum creatinine > 2.0 mg/dL receiving isolated LT
(P = 0.0001). One center's results demonstrated a 5-year
patient survival of 48% for LKT patients, 67% for HRS
patients receiving isolated LT, and 70% for patients with
a serum creatinine > 2.0 mg/dL receiving isolated LT
(P not significant comparing all groups)[58]. It is not clear
if the advances in management of HRS in recent years
have had an impact on post-transplant outcomes. In a
case-control study by Restuccia et al, patients with HRS

2

CONCLUSION
Renal failure occurs commonly in patients with severe liver
disease and its causes are multifactorial. Patients with type
1 HRS generally have a fatal outcome without expedited
liver transplantation. Therapy with terlipressin and albumin
looks promising, but there is a paucity of data to make
firm conclusions. Use of other vasoconstrictors or TIPS
remains experimental. The only proven treatment option is
expedited liver transplantation. Dialysis is often used as a
bridge to liver transplantation, but there are no controlled
studies to support renal replacement therapy in type 1
HRS. Further research is necessary to better elucidate the
mechanisms of HRS and to identify treatment strategies
to reduce morbidity and mortality in patients with liver
disease.
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Abstract
The reported mortality rates in patients with cirrhosis
undergoing various non-transplant surgical procedures
range from 8.3% to 25%. This wide range of mortality
rates is related to severity of liver disease, type of
surgery, demographics of patient population, expertise
of the surgical, anesthesia and intensive care unit team
and finally, reporting bias. In this article, we will review
the pathophysiology, morbidity and mortality associated
with non-hepatic surgery in patients with cirrhosis, and
then recommend an algorithm for risk assessment and
evidence based management strategy to optimize postsurgical outcomes.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The prevalence of chronic liver disease is increasing in
the US and the rest of the world because of hepatitis C
(HCV), hepatitis B (HBV), alcohol and non-alcoholic fatty
liver disease (NAFLD)[1]. It has been estimated that about
10% of patients with cirrhosis will undergo surgery in the
last 2 years of their life[2]. General anesthesia and surgery
www.wjgnet.com

may lead to complications in a significant proportion of
patients with well-compensated or occult cirrhosis, and
these complications may result in considerable morbidity
and mortality. The reported mortality rates in patients with
cirrhosis undergoing various surgical procedures range
from 8.3��������������������������������������������
%�������������������������������������������
to 25% (Table 1) in comparison to 1.1% in
3���
-��
6�]
non-cirrhotic patients[����
. This wide range of mortality
rates is related to severity of liver disease, type of surgery,
demographics of patient population, expertise of the
surgical, anesthesia and intensive
�����������������������������������
care unit (��������������
ICU�����������
) team
���������
and
finally, reporting bias. It is therefore, important to assess
the risk in relation to the type of surgery that is performed;
arbitrarily, the type of surgery could be categorized into
high, moderate or low risk surgery (Table 2)[3]. In this article,
we will review the morbidity and mortality associated
with non-hepatic surgery in patients with cirrhosis, and
then recommend a risk assessment and evidence based
management strategy to optimize post-surgical outcomes[7,8].

MORBIDITY, MORTALITY AND RISK
STRATIFICATION
The published evidence for���������������������������������
������������������������������������
the risk of surgery in patients
with cirrhosis is mostly derived from retrospective studies.
These have shown that the postoperative mortality and
morbidity correlate well with Child-Turcotte-Pugh (CTP)
class of cirrhosis (Table 3)[3,9]. Based on these reports, it has
been suggested that elective surgery is tolerated in patients
with CTP class A cirrhosis, permissible with preoperative
preparation in patients with CTP class B cirrhosis (except
those undergoing extensive hepatic resection or cardiac
surgery) and contraindicated in patients with CTP class
C cirrhosis (Table 4). In recent years, the model for
end-stage liver disease (MELD) score has been utilized
to prioritize organ allocation in patients awaiting liver
transplant. This objective score has been shown to reflect
the 90����������������������������������������������������
d���������������������������������������������������
mortality in patients with cirrhosis. Unlike the
CTP score which has subjective components (severity of
hepatic encephalopathy and ascites), the MELD score
is considered more objective as it relies only on serum
bilirubin, creatinine and �������������������������������
international normalized ratio
(��������������������������������������������������
INR�����������������������������������������������
)����������������������������������������������
. More recent studies suggest that MELD could
also be used to stratify risk in patients undergoing nontransplant surgery, and MELD score < 10, 10-14 and > 14
may correspond to CTP classes A, B and C respectively[9,10].
Other proposed individual risk factors include the
presence of jaundice, prolonged prothrombin time
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Table 1 Reported surgical mortality risk in patients with cirrhosis
Surgery in patients with cirrhosis
Gastrointestinal
Peptic ulcer surgery-elective
Peptic ulcer surgery-bleeding
Peptic ulcer surgery-perforation
Gastric bypass
Biliary tract surgery
Small bowel surgeries
Colon surgeries
Open cholecystectomy
Laparoscopic cholecystectomy
Abdominal
Abdominal surgery for trauma
Emergency abdominal surgery
Splenectomy
Umbilical herniorrhaphy
Inguinal herniorrhaphy
Bone/Joint
Hip surgery-elective
Hip surgery-emergent
Knee surgery
Cardiac
Cardiac surgery-elective
Cardiac surgery-emergent

n

Died (n )

%

Ref No.

20
94
167
125
212
9
87
110
265

2
46
70
5
45
6
36
8
0

10
49
42
4
21
67
41
7.7
0

34
34
34
38
34, 39
34
34
40
41

17

8

7
24
1197

0
2
30

47
57
0
8.3
2.5

42
12
43
6
44

14
5
42

0
3
0

0
60
0

45
45
46
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Table 2 Surgical severity risk stratification

[14]

Low risk

Moderate risk

High risk

Eye
ENT

Intracranial surgery
Laminectomy/Disc
surgery
Thyroidectomy
Other endocrine
surgery
Head and neck surgery

Lung resection
Heart surgery

Major blood vessels
surgery
Peripheral artery
surgery
Embolectomy
Carotid artery surgery

Laparotomy

Dental
Sinuses/Tonsils
Chest tube/
Thoracentesis
Bronchoscopy
Laryngoscopy

18
5

Genito-urinary
TURP
30
Hysterectomy
105
Abdominal surgeries in various
liver conditions
Acute hepatitis
11
Hepatitis C
34
Chronic hepatitis
20
Obstructive jaundice

3
4

17
80

47
48

2
8

6.7
7.6

49
50

11
0
0

100
0
0
5-60

51
52
36
53

TURP: Transurethral resection of the prostrate.

(> 2.5 s above control that does not correct with vitamin
K), ascites, encephalopathy, hypoalbuminemia, portal
hypertension, renal insufficiency, hyponatremia, infection,
anemia and malnutrition. There is no evidence suggest����
ing�
that these individual risk factors are better than either
CTP or MELD scores. Semi-quantitative liver function
tests including galactose elimination capacity, aminopyrine
breath test, indocyanine g reen clearance, monoethylglycinexylidide test (MEGX) have also been proposed
to risk-stratify patients with cirrhosis undergoing surgery,
but these are not available universally and hence not used
routinely in clinical practice[11].
The nature of the surgical procedure is an important
determinant of postoperative complications. In general,
emergency surgery is associated with a higher morbidity
-���
14]
and mortality than elective surgery[12����
. The morbidity and
mortality risks are highest in patients undergoing cardiac
and open abdominal surgeries including cholecystectomy,
gastric resection, colectomy and hepatic resection [11].
Laparotomy causes a greater reduction in liver blood flow
and increased hepatic ischemia than extra-abdominal
surgery. Another contributing factor is increased risk
of intra-operative bleeding in the presence of portal
hypertension, especially in patients with previous
abdominal surgery and adhesions.
Hemodynamic changes, characterized by increased
cardiac output, splanchnic vasodilation and decreased

Tracheostomy
Venous procedures
Vein stripping
Pacemaker insertion
Lymph node biopsy/
resection
GI endoscopy

AAA repair
Porto-systemic shunt
Splenectomy

Rectal/Anal surgery
Herniorrhaphy
Bladder procedures

Esophagus/Stomach
surgery
Liver/Biliary surgery
Small bowel/Large
bowel/Pancreas surgery
Renal surgery
Hip surgery
Back fusion

Prostate procedures

Long bone fractures

Laparoscopy

Hysterectomy
± oophorectomy
GU endoscopy
Amputations
Male GU procedures Hand, foot, knee
surgery
Female GU procedures Breast biopsy/
mastectomy
D&C
Skin lesion excision
Superficial tumor
excision
Other diagnostic/
therapeutic
procedures
ENT: Ear, nose and throat; GI: Gastrointestinal; GU: Genitourinary; D & C:
Dilatation and curettage; AAA: Abdominal aortic aneurysm.

systemic vascular resistance, are common in patients
with portal hypertension, and these changes progress
with worsening liver disease. Despite an increased cardiac
output, perfusion may be impaired due to shunting of
blood, and in addition, anesthetic agents may also reduce
hepatic blood flow and decrease oxygen uptake by the
liver and splanchnic organs[15,16]. Hypotension, hypoxemia,
hemorrhage and use of vasoactive drugs may further
reduce hepatic oxygenation. Hepatic blood flow and liver
function may be further compromised by catecholamine
release and other neurohormonal responses[17].

PREOPERATIVE EVALUATION AND RISK
ESTIMATION
A thorough preoperative history and physical examination
are keystones in the evaluation and management of
patients with chronic liver disease prior to surgery. It
is essential to assess for the presence and severity of
liver disease. In addition to identifying the risk factors
for liver disease (blood transfusions, tattoos, illicit drug
use, sexual promiscuity, family history of liver disease,
alcoholism, travel history, review of prescribed or over the
counter medications), it is important to elicit any previous
www.wjgnet.com
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Table 3 Modified Child Turcotte Pugh (CTP) score
Feature
Albumin (g/dL)
Prothrombin time
-Seconds prolonged
-INR
Bilirubin (mg/dL)
(PBC/PSC)1
Ascites
Encephalopathy
CTP Class
Class A
Class B
Class C

August 14, 2007

Volume 13

Number 30

Table 4 Contraindications to elective surgery in patients with
[11]
liver disease

Points
1
> 3.5

2
2.8-3.5

3
< 2.8

<4
< 1.7
<2
<4
Absent
None
Points

4-6
1.7-2.3
2-3
4-10
Slight-moderate
Grade Ⅰ-Ⅱ
2 yr patient
survival (%)
85
60
35

>6
> 2.3
>3
> 10
Tense
Grade Ⅲ-Ⅳ

5-6
7-9
10-15

Acute hepatitis

Chronic hepatitis

Alcoholic
Autoimmune
Uncontrolled Wilson’s disease

Chronic severe hepatitis
Class C cirrhosis
Uncontrolled portal hypertension with
sequelae
Severe coagulopathy1
Systemic liver-related co-morbidities
Hypoxia (POPH or HPS)2
Cardiac volume overload
Hepatorenal syndrome

1

Severe coagulopathy defined as platelets < 50 000/mm3 and prothrombin
time prolonged beyond 3 s with no response to Vitamin K; 2POPH: Portopulmonary hypertension; HPS: Hepatopulmonary syndrome.

1

In primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC),
the bilirubin references are changed to reflect the fact that these diseases
feature high conjugated bilirubin levels.

history of decompensation such as ascites, edema, or
hepatic encephalopathy, variceal bleeding or anesthesiarelated complications (Table 5). Stigmata of chronic liver
disease such as jaundice, palmar erythema, spider nevi,
gynecomastia, or testicular atrophy and portal hypertension
such as splenomegaly, ascites, or asterixis should lead to a
thorough evaluation of liver disease and its severity. Figure
1 shows general guidelines for preoperative evaluation of
patients with liver disease.
A preoperative evaluation should comprise laboratory
tests such as comprehensive metabolic profile, complete
blood counts and prothrombin time. Elevated bilirubin,
low albumin, elevated liver enzymes, low platelets and
elevated prothrombin time may suggest the
����������������
������������
presence of
chronic liver disease. A medical history suggestive of liver
disease, clinical signs of chronic liver disease or abnormal
laboratory tests should prompt further evaluation to assess
severity of liver disease.

PREOPERATIVE MANAGEMENT
The outcomes of patients with cirrhosis who undergo
surgery could be improved by optimizing the following
premorbid conditions.
Coagulopathy
Even in urgent surgical situations, management of
coagulopathy is beneficial. While peripheral vascular
surgery can be performed with significant coagulopathy,
neurosurg er y usually requires an INR below 1.2,
platelets > 100 × 109/L, and fibrinogen > 100��������
mg/dL.
�������
A thromboelastogram, which is a graphic representation
of the interaction of plasma coagulation proteins with
platelets and fibrinogen, is a useful tool to help guide the
administration of coagulation factors in the operating
room.
Coagulopathy in liver disease could be due to hepatic
synthetic dysfunction or vitamin K deficiency usually
caused by ����������������������������������
malabsorption secondar y to prolong ed
cholestasis. Though hepatic synthetic dysfunction cannot
be corrected by vitamin K administration, it may be
www.wjgnet.com

Table 5 American Society of Anesthesiologists (ASA)
Classification of preoperative risk
ASA Class
1
2

3
4
5
E

Systemic disturbance

Mortality (%)

Healthy patient with no disease outside of the < 0.03
surgical process
Mild to moderate systemic disease caused by
0.2
the surgical condition or by other pathological
processes, medically well-controlled
Severe disease process which limits activity but 1.2
is not incapacitating
Severe incapacitating disease process that is a
8
constant threat to life
Moribund patient not expected to survive 24 h 34
with or without an operation
Suffix to indicate emergency surgery for any
Increased
class

b

P < 0.01 vs group B and control group; aP < 0.05 vs control group; dP < 0.01 vs
group B and control.

worthwhile to administer a trial of parenteral vitamin
K in elective surgery cases in case malabsorption is a
contributing factor. In emergen��������������������������
cy������������������������
situations or cases in
which there is inadequate response to vitamin K, fresh
frozen plasma can be administered. If patients do not
respond to fresh frozen plasma, Cryoprecipitate, which
contains large amount of fibrinogen and von Willebrand
factor, may be given intravenously preoperatively. DDAVP
0.3 µg/kg, which contains endogenous von Willebrand
factor and factor Ⅶa infusion are other novel agents that
could be used to correct clotting abnormalities. In most
refractory cases, plasma exchange may be necessary. In
addition to the correction of coagulopathy, prophylactic
platelet transfusions may be considered for severe
thrombocytopenia (< 50 000/m���
L��
).
Ascites
T he presence of ascites may increase the risk of
abdominal wound dehiscence, abdominal wall herniation,
and respiratory compromise. Ascites could be managed
by a combination of low sodium diet and administration
of diuretics such as furosemide and spironolactone with
careful monitoring of creatinine and electrolyte levels.
If ascites is uncontrolled prior to surgery, large volume
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Figure 1 An algorithm for evaluation
and management of patients with liver
disease prior to surgery.

Schema for pre-operative evaluation of patient with liver disease

Emergency surgery

Need for nonhepatic surgery

Elective surgery
No

Acute hepatitis
Auto immune
Alcoholic
Wilson’s
Viral

Defer till
condition
improves

Yes

Cirrhosis

Chronic
hepatitis

CTP-C (or)
MELD > 15

CTP-A/B (or)
MELD < 10

Lowmoderate risk
surgery
Risk factor
modification &
Routine
pre-operative
evaluation

High
risk surgery

No

Portal
hypertension
Yes

Operating
room

Operating
room

Post-operative
risk stratification
& risk factor
management

Post-operative
risk stratification
& risk factor
management

Close
peri-operative
monitoring

Close
peri-operative
monitoring

paracentesis could be performed either preoperatively
or intra operatively. Replacement with albumin (8�������
g������
for
each liter of ascites drained) is important to maintain
intravascular volume and to reduce the risk of hepatorenal
syndrome.
Patients with ascites could present with abdominal
pain from spontaneous bacterial peritonitis (SBP) or
secondary bacterial peritonitis. In such situations, it is
important to analyze the ascites fluid for differential white
cell counts. If absolute ascites neutrophil counts exceed
250 neutrophils/m�����������������������������������������
L����������������������������������������
, the patient should be treated for SBP
with a third generation cephalosporin such as ceftriaxone
or a fluoroquinolone such as ciprof loxacin as the
common pathogens are usually Escherichia coli and Klebsiella
pneumoniae. If multiple organisms are grown, secondary
bacterial peritonitis should be suspected.
Since ascites may reaccumulate rapidly with administration
of normal saline, it is advisable to use colloids or blood
perioperatively. The role of pre-operative transjugular
portosystemic shunt (TIPS) to control refractory ascites is
poorly defined and is not currently recommended[18].
Renal dysfunction
In advanced liver disease, patients may present with renal
insufficiency from a variety of etiologies including iatrogenic
causes such as medications �������������������������������
[������������������������������
diuretics, n������������������
�������������������
on-steroidal antiinflammatory drugs ��������
(������������������������������������
NSAID�������������������������������
)������������������������������
�����������������������������
or other nephrotoxic agents��]�
or large volume paracentesis (often performed without
albumin replacement), infections (SBP and urinary tract
infections are most common), gastrointestinal bleeding

Postpone
surgery
indefinitely

Consider delay
or alternatives
to surgery

or hepatorenal syndrome (HRS). HRS occurs in the
setting of advanced portal hypertension and associated
profound splanchnic vasodilation. These changes result in
a cascade of events leading to decreased renal perfusion
and renal insufficiency. From a practical point of view,
HRS is defined by a plasma creatinine > 1.5 mg/dL, in the
absence of any iatrogenic causes, bleeding or intrinsic renal
diseases, that is not improved by fluid (1.5��������������������
l������������������
iters of isotonic
saline) or colloids (albumin 1 g/������������������������
k�����������������������
g body weight for 3 d)
administration[19]. HRS may present in two different ways;
rapidly progressive (type 1) where creatinine doubles (100%
increase) over a period of 2 wk and slowly progressive (type
Ⅱ) where creatinine is ≥ 1.5 mg/dL, and then progress���
es�
slowly. Type 1 HRS has a dismal outcome without liver
transplantation. However, HRS that is precipitated by SBP
and the intravascular fluid shifts associated with anesthesia
or surgery is potentially reversible. Combination treatments
with midodrine and octreotide, or terlipressin and albumin
have shown promising results, but there is a paucity
of controlled data with adequate sample size on these
treatment modalities[20,21]. Hemodialysis or continuous venovenous hemodialysis (CVVHD) is often used as a bridge to
liver transplantation����������������������������������������
; again
��������������������������������������
there are no controlled studies
proving its efficacy.
Hyponatremia
Hyponatremia is common in advanced liver disease. Severe
hyponatremia may lead to seizures and worsening of
hepatic encephalopathy. Rapid correction (> 10 meq/L per
24 h) of sodium, especially in malnourished patients, could
www.wjgnet.com

4060

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

lead to fatal central pontine myelinolysis. Hyponatremia
is usually corrected by fluid restriction (< 1000 m�����
L����
/d)
and discontinuation of all diuretics. In symptomatic
patients, intravenous 3% sodium chloride may be used
judiciously[22].
Hepatic encephalopathy
It is important to recognize sub-clinical encephalopathy
preoperatively. Many conditions including constipation,
alkalosis, central nervous system depressants, hypoxia,
infection, azotemia and gastrointestinal bleeding may
precipitate overt �����������������������������������������
h����������������������������������������
epatic e��������������������������������
���������������������������������
ncephalopathy (HE). In patients
with cirrhosis, especially in those with clinical or subclinical HE, many of these precipitating factors could be
avoided or treated early to prevent significant HE. HE
may complicate the post-operative course resulting in
immobility, lack of cooperation with nursing procedures,
unnecessary investigations (if not diagnosed clinically or
suspected) and aspiration pneumonia. Encephalopathy is
treated with lactulose 30 mL orally every 6 h, titrated to 2
or 3 soft bowel movements daily. Metronidazole, rifaximin
and low dose neomycin could be used in combination with
lactulose, but it is important to avoid neomycin in patients
with renal insufficiency[23-25].
Malnutrition
Malnutrition can result in hypoalbuminemia, low
oncotic pressure and intravascular hypovolemia. Muscle
wasting may result in patient immobility and respiratory
muscle dysfunction, leading to prolonged mechanical
ventilation postoperatively. When hospitalized with
malnutrition, a nutritionist consultation should be
obtained. Patients with advanced liver disease should
receive nutritional supplementation, both enteral and
parenteral in the perioperative period. Consideration
should be given to star ting the supplementation
preoperatively, and this may reduce the short-ter m
mortality and postoperative complications, but the impact
of nutritional supplementation on long-term mortality
remains unclear [26,27]. The supplementation should be
high in carbohydrate/lipid content and low in amino
acid content to prevent worsening of preexisting hepatic
encephalopathy. Nutritional supplementation is particularly
important in alcoholics and should include vitamin B1.
Pulmonary conditions
Common conditions include hydrothorax, hepatopulmonary
syndrome, portopulmonar y hypertension, immune
mediated lung diseases (especially in autoimmune diseases)
and emphysema (in smokers and alpha-1 antitrypsin
deficiency). Hepatic hydrothorax occurs, usually on
the right side, in about 5% of patients with cirrhosis.
Preoperative thoracentesis is not usually recommended
as the resulting hypoxemia is not very severe[7]. Use of
an incentive spirometer postoperatively may prevent
atelectasis. Hepatopulmonary syndrome includes the
presence of systemic-to-pulmonary vascular shunts and
intrapulmonary arteriovenous shunts, both of which
result in systemic arterial desaturation. It is marked by
orthodeoxia and platypnea and can be diagnosed by contrast
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echocardiography or a Technetium 99 m-labelled albumin
scan. This could be further confirmed by pulmonary
angiography. Type�����������������������������������������
1����������������������������������������
HPS is a pattern, which responds well
to 100% oxygen supplementation. Type 2 HPS does not
respond to oxygen and is considered a contraindication to
general anesthesia. Portopulmonary hypertension occurs in
2���������������������������������������������������������
%��������������������������������������������������������
-4% of patients with cirrhosis and portal hypertension.
It is defined as a mean pulmonary artery pressure (MPAP)
greater than 24 mmHg with a normal pulmonary capillary
wedge pressure and a pulmonary vascular resistance
greater than 120 dynes/s�������
per cm
��5. When the MPAP is >
50������������������������������������������������������
�����������������������������������������������������
mmHg, the condition becomes life threatening and can
lead to right ventricular failure and hypoxemia. If surgery
is contemplated, pulmonary pressures must be optimized
usually with intravenous epoprostenol[28], but sildenafil or
bosentan have also been tried perioperatively.
Cardiac conditions
Dobutamine stress echocardiography has been advocated
as a screening modality for coronary artery disease in
patients with cirrhosis. However, its predictive value
in patients with advanced cirrhosis is quite variable.
In general�����������������������������������������
,����������������������������������������
the American College of Cardiology and
American Heart Association guidelines are useful to
assess the suitability of patients with liver disease for
non-cardiac surgery. Beta-blockers must be used in the
perioperative period if no contraindications exist. They are
not only useful in reducing the incidence of perioperative
myocardial ischemia and adverse cardiac events, but also
help to decrease the portal pressure. In patients with
advanced cirrhosis and cardiac disease, less invasive
procedures such as angioplasty, valvuloplasty and newer
off-pump procedures may prove to be beneficial[29,30].
Miscellaneous
Anemia must be managed aggressively with early and
sufficient substitution of clotting factors and blood
products. Glucose intolerance and diabetes are common in
patients with liver disease. Insulin infusion is beneficial to
maintain good control perioperatively. However, caution
is warranted as patients with cirrhosis are also at risk
for hypoglycemia[31]. Deficiency in 25-hydroxyvitamin D
can occur in cirrhosis and if associated with nutritional
deficiencies will lead to osteomalacia and will require
Vitamin D and Calcitriol supplementation. Screening for
varices should be performed in cirrhotic patients and
those receiving beta blockade for prophylaxis of variceal
bleeding and
��������������������������������������������������
should
����������������������������������������������
continue to do so in the perioperative
period [32,33] . Preoperative antibiotic prophylaxis is
mandatory due to high rates of septic complications
in patients with cirrhosis. In an emergency situation,
especially after resectional procedures, selective bowel
decontamination and prolonged course of antibiotics must
be considered. In patients with peptic ulcer disease, longterm maintenance therapy with proton pump inhibitor��s�
may be recommended[34].
Strategies for specific liver conditions
Stress-dose steroids should be administered preoperatively
in patients with autoimmune hepatitis who are on steroid
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therapy. Patients treated with D-pencillamine for
Wilson’s disease can suffer from poor wound healing and
thereby, the dosage should be decreased preoperatively and
for one to two weeks postoperatively.

OPERATIVE AND POSTOPERATIVE
MANAGEMENT
Liver dysfunction may result in prolonged duration
of action of anesthetic and neuromuscular blocking
agents because of altered metabolism or clearance rates.
Isoflurane is the preferred anesthetic agent for patients
with cirrhosis, while methoxyflurane, chloroform and
halothane should be avoided if possible. In addition,
the actions of neuromuscular blocking agents may be
prolonged due to increased biliary excretion and decreased
pseudocholinesterase activity. Therefore, atracurium
is the drug of choice in patients with liver disease or
biliary obstruction, and doxacurium is recommended for
prolonged surgeries. Oxazepam and lorazepam are the
most suitable anxiolytic sedatives, whereas fentanyl and
sufentanyl should be the first-line narcotics. In contrast,
morphine, meperidine and barbiturates can precipitate
hepatic encephalopathy and should be avoided[35].
Postoperative complications in patients undergoing
surgery����������������������������������������������
include (1)����������������������������������
���������������������������������
cirrhosis related complications:
worsening����������������������������������������������
or new onset ascites, worsening or new onset
hepatic����������������������������������������������������
encephalopathy (Grade 1-4), �����������������������
upper gastrointestinal
bleeding, worsening or new onset acute renal failure/new
need for dialysis, hepatorenal syndrome (acute renal failure
in the setting of decreasing liver function with no other
clinical, laboratory or anatomic cause for the renal failure),
liver failure, and coagulopathy�����������������������������
[disseminated
����������������������������
intravascular
coagulation (DIC), increased prothrombin time, increased
activated partial thromboplastin time, decreased fibrinogen
concentration, decreased platelet count]; (2) surgical
wound complications: infection, dehiscence, eventration,
fistula, abscess, surgical site bleeding; and (3) general
complications: pneumonia/Acute Respiratory����������
���������������������
Distress
Syndrome�����������������������������������������
(ARDS)����������������������������������
, ventilation dependence, chronic
obstructive ����������������������������������������
pulmonary�������������������������������
diseases (COPD) exacerbation,
chronic heart failure/arrhythmia/myocardial infarction,
urinary tract infections,������������������������������������
paralytic ileus, phlebitis/PE, and
death.
The common complications of surgery in patients with
cirrhosis are hemorrhage, sepsis, liver failure, fluid overload
and hepatorenal syndrome. Patients with cholestatic
jaundice are at an increased risk of postoperative renal
failure. Increased postoperative bilirubin levels (> 3���������
��������
mg/dL),
creatinine levels and a decreased albumin level are associated
with greater mortality[36].
Pre-operative strategies, which has
�������������������
been�����������
discussed
earlier to minimize complications, should be continued
in the post-transplant period. In addition, in the post�operative period, one needs to closely monitor fluid
balance and nutrition, identify and correct electrolyte
abnormalities, coagulopathy, encephalopathy and infection.
Non-steroidal anti-inflammatory drugs and nephrotoxic
drugs should be avoided, and caution should be exercised
with use of narcotics.
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CONCLUSION
The mortality from abdominal surgeries in patients with
cirrhosis is unacceptably high. Preoperative assessment
can predict survival to some extent in cirrhotic patients
requiring abdominal procedures. Furthermore, optimization
of premorbid factors may reduce perioperative mortality
and morbidity. However, better predictive models for riskstratification are necessary to predict and improve postoperative outcomes of patients with cirrhosis[37].
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COMMENTS
Background

In patients with cirrhosis, the surgical mortality is as high as 25%. Pre-operative
risk stratification in such patients and optimization of medical care prior to surgery
are essential to prevent adverse outcomes after surgery.

Research frontiers

Studies with better predictive models for risk-stratification are necessary to predict
and improve post-operative outcomes of patients with cirrhosis.

Innovations and breakthroughs

The recent adoption of the MELD score by UNOS to risk stratify patients prior
to transplant surgery has improved our ability to better characterize the severity
of liver disease objectively in liver transplant population. Similar models are
necessary to risk-stratify patients prior to any other surgery in patients with
cirrhosis.

Applications

CTP score, MELD score, age, and American Society of Anesthesiologists class
are factors that can quantify the risk of mortality postoperatively in patients with
cirrhosis, independent of the procedure performed. These factors can be used
in determining operative mortality risk, and to decide whether elective surgical
procedures can be delayed until after liver transplantation.

Terminology

MELD score is a numerical score obtained by inserting the values of serum total
bilirubin, INR and serum creatinine into a logarithmic formula. It is a disease
severity index score and helps determine the mortality without liver transplantation
in patients with advanced cirrhosis.

Peer review

The authors reviewed the pathophysiology, morbidity and mortality associated with
non-hepatic surgery in patients with cirrhosis, and then recommend an algorithm
for risk assessment and evidence based management strategy to optimize
post-surgical outcomes. They concluded that better predictive models for riskstratification are necessary to predict and improve post-operative outcomes of
patients with cirrhosis
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Abstract
Pancreatic sphincterotomy serves as the cornerstone
of endoscopic therapy of the pancreas. Historically,
its indications have been less well-defined than those
of endoscopic biliary sphincterotomy, yet it plays a
definite and useful role in diseases such as chronic
pancreatitis and pancreatic-type sphincter of Oddi
dysfunction. In the appropriate setting, it may be used
as a single therapeutic maneuver, or in conjunction with
other endoscopic techniques such as pancreatic stone
extraction or stent placement. The current standard of
practice utilizes two different methods of performing
pancreatic sphincterotomy: a pull-type sphincterotome
technique without prior stent placement, and a needleknife sphincterotome technique over an existing
stent. The complications associated with pancreatic
sphincterotomy are many, although acute pancreatitis
appears to be the most common and the most serious
of the early complications. As such, it continues to be
reserved for those endoscopists who perform a relatively
high-volume of therapeutic pancreaticobiliary endoscopic
retrograde cholangio-pancreatography.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Since its initial application in 1974, endoscopic biliary
www.wjgnet.com

sphincterotomy has revolutionized the approach to patients with biliary tract diseases[1]. Utilizing biliary sphincterotomy in conjunction with stone extraction, stent placement, or stricture dilatation has become the standard of
care for problems that were once only remedied by surgical
procedures. Endoscopic therapy for pancreatic disorders
has not advanced quite so rapidly, however[2]. Pancreatitis
and its associated complications have prevented some
endoscopists in the past from attempting to apply similar
therapeutic techniques as those used in treating biliary tract
disorders. In addition, clear-cut indications for endoscopic
therapy of the pancreas have been much more difficult to
define due to a paucity of well-designed clinical trials justifying its use. Most of the techniques that have been used
in previous studies were performed on small numbers of
patients, and in expert centers only. The majority of studies have been retrospective in nature, lacking randomization with a prospective design[2].
It is on this backg round in which the topic of
endoscopic pancreatic sphincterotomy (EPS) is reviewed.
EPS is the cornerstone of endoscopic therapy[3] of the
pancreas, and once access is obtained, EPS may be used as
a single therapeutic maneuver (e.g. to treat pancreatic-type
sphincter of Oddi dysfunction), or in series with other
endoscopic therapeutic techniques such as stone extraction
or stent placement[1,4]. The following review will attempt
to provide an evidence-based summary of the technique,
the indications, and the complications associated with
endoscopic pancreatic sphincterotomy.

THE ENDOSCOPIC TECHNIQUE
The main principles involved in EPS are very much
like those of biliary sphincterotomy. They involve wireguided cannulation of the duct prior to cutting, and
they utilize a slow and stepwise approach that relies on
accurate identification of anatomical landmarks. There
are essentially two different types of techniques that
are used by most expert endoscopists when performing
this procedure. The first approach, and the more widely
utilized, is performed while using a standard pull-type
sphincterotome. The second approach uses an endoscopic
needle-knife to cut the sphincter muscle after placement
of a pancreatic duct stent. Both techniques have their
advantages and disadvantages, and the details surrounding
each approach are discussed here. In addition, pre-cut
or ‘access’ pancreatic sphincterotomy in those instances
when the endoscopist is faced with a difficult pancreatic
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Figure 1 EPS performed using a pull-type sphincterotome without prior pancreatic
stent placement.
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Figure 2 EPS performed with a needle-knife sphincterotome over a pancreatic
stent.

annulation will be discussed. Finally, sphincterotomy of
the minor papilla will be briefly mentioned as well.

PULL-TYPE SPHINCTEROTOMY
Once successful cannulation of the pancreatic duct orifice
is achieved, the guidewire is advanced into the main
pancreatic duct and confirmation of position is usually
obtained with a contrast pancreatogram. Assuming a clear
indication for sphincterotomy has been established, this
part of the procedure is most often performed with a
pull-type sphincterotome. Like biliary sphincterotomy, the
incision should be ‘hot and slow’[5]. It should be directed
towards the 1 to 2 o’clock position with the very distal part
of the cutting wire[6-8]. In other words, most of the cutting
wire should be visible outside the papillary orifice. Note
that the direction of the cut is very different from that of
a biliary sphincterotomy. In biliary sphincterotomy, the
cutting direction is in the 11 o’clock to 1 o’clock position
(preferably the 12 o’clock position). The sphincterotome
is slightly bowed while the cutting wire is ‘walked up’ the
roof of the papilla in a stepwise fashion[6]. In pancreatic
sphincterotomy, the same principles apply, but the
direction is more towards the right, guiding the cutting
wire along the floor of the papillary orifice (Figure 1).
The actual incision should be performed using the
pure cutting current with the electrosurgical generator[7].
This prevents further damage to the pancreas and limits
the possible future development of fibrosis and papillary
stenosis[8-10]. The length of the cut is generally between
5mm and 10 mm. Larger diameter ducts require longer
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cuts in order to achieve the largest possible access. Once
the sphincterotomy has been completed, a temporary
pancreatic stent is usually left in place for a short period
of time in order to help facilitate adequate drainage from
the duct. The edema that ensues following a pancreatic
sphincterotomy can cause ductal obstruction and eventual
pancreatitis[11]. This policy of placing a pancreatic stent
after every pancreatic sphincterotomy, however, is not
universal. Some expert endoscopists do not feel the need
to perform this step. Moreover, the types of stents that are
chosen and the desired duration of use are also debated[12].
Early in the era of pancreatic sphincterotomy, many
endoscopists advocated always performing EPS in concert
with a prior biliary sphincterotomy. Biliary sphincterotomy
done immediately before pancreatic sphincterotomy is
felt by some to allow for easier identification of clear
anatomical landmarks, thus making it a safer and more
effective procedure. It may provide better exposure
of the pancreaticobiliary septum, and therefore allow
improved access to the desired pancreatic tissue[13]. Also,
this method of choice prevents the rare possibility of
biliary complications following a primary pancreatic cut[1].
This includes inadvertent damage to the distal bile duct, as
well as possible biliary obstruction due to edema adjacent
to the biliary duct orifice. Many recommend a biliary
sphincterotomy before a pancreatic sphincterotomy in
cases of cholangitis or obstructive jaundice, a common bile
duct diameter > 12 mm, or an alkaline phosphatase level >
twice normal[8]. It may also be performed when there is
a need to obtain improved access to the main pancreatic
duct[14].

NEEDLE-KNIFE SPHINCTEROTOMY
An alternative method to pancreatic sphincterotomy
utilizes an endoscopic needle-knife instead of a standard
pull-type sphincterotome. Cutting with the needleknife is done only after placement of a pancreatic duct
stent. The tip of the needle-knife is placed at the most
proximal portion of pancreatic sphincter tissue that is
overlying the stent. While using the stent as a guide to
direct the cut along the plane of the pancreatic duct, the
needle-knife tip is advanced over the top of the stent
and down its longitudinal axis thereby ‘unroofing’ the
intraduodenal portion of the major papilla (Figure 2).
Incision length is similar to that of sphincterotomy with
a pull-type sphincterotome; that is, the length is generally
between 5 mm and 10 mm. Many experts believe that a
prior biliary sphincterotomy is especially helpful before
utilizing needle-knife technique[13]. Good exposure of the
pancreaticobiliary septum allows for better tissue access
and more effective ‘septotomy’.
T here are a few limitations to this technique,
however. The absolute prerequisite of pancreatic stent
insertion makes it a technique that may not always be
feasible if a stent cannot be placed. For example, in
chronic pancreatitis, it may be very difficult to insert a
stent without first removing ductal calculi[8]. Also, many
endoscopists find it easier to perform the sphincterotomy
without having to first exchange the sphincterotome, place
the stent, and then insert the needle-knife in order to
www.wjgnet.com
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perform the cut. Finally, most biliary sphincterotomies are
performed with a standard pull-type sphincterotome, and
so many are accustomed to performing EPS in a similar
fashion. Furthermore, many experts may argue that EPS
could be done in a more controlled fashion using this
technique
Despite the fact that pancreatic sphincterotomy is
performed by only two different techniques, sur vey
questionnaires show that there is a lack of expert consensus
in terms of which is the better approach. A recent survey
of 14 expert endoscopists in nine US centers showed that
six of the 14 gastroenterologists either ‘always’ or ‘often’
use the pull-type sphincterotome technique, while seven out
of 14 ‘always’ or ‘often’ use the needle-knife technique[12].
Eight physicians ‘always’ perform a biliary sphincterotomy
prior to pancreatic sphincterotomy, and only two of 14
use pure cutting current during the procedure. Almost all
endoscopists insert a pancreatic stent after sphincterotomy,
as it lowers the likelihood of post-ERCP pancreatitis[11].
However, which types of stents to be used and how long to
leave them in place for is quite variable among those who
perform EPS on a regular basis[12].

PRE-CUT PANCREATIC SPHINCTEROTOMY
The pre-cut pancreatic sphincterotomy refers to an
endoscopic technique that allows access to the pancreatic
duct without performing prior deep cannulation. It is
usually done when access to the duct is blocked in some
manner (e.g. an impacted stone)[9,15]. Once the pancreatic
duct is accessed, conventional pancreatic sphincterotomy
is performed. Generally, this technique is not utilized as
often as the pre-cut biliary sphincterotomy since a difficult
pancreatic duct cannulation is encountered far less often
than a difficult biliary cannulation. The pancreatic precut is done in a manner that is very similar to the biliary
pre-cut sphincterotomy. Most endoscopists will use a
free-hand needle-knife to perform the pre-cut, although
there are several options for this technique[15]. In the case
of a stone that is obstructing the pancreatic orifice, for
example, a needle-knife can be used to cut the papillary
mucosa lying directly over the stone. Once the stone is
released and the obstruction is relieved, the pancreatic
duct can be cannulated in the usual manner to prepare for
a conventional pancreatic sphincterotomy.

MINOR PAPILLA SPHINCTEROTOMY
Minor papilla sphincterotomy is actually a misnomer
since the cutting that is performed during this technique
is more of a ‘papillotomy’, rather than a true muscle
‘sphincterotomy’, per se. Hence, the ter m is more
appropriately phrased as ‘minor papillotomy’. It was first
described by Cotton in 1978 as a means to treat recurrent
dorsal pancreatitis [16] . Since then, it has successfully
emerged as a recognized and effective treatment for
patients with pancreas divisum who require ductal
decompression. Like sphincterotomy of the major papilla,
minor papillotomy can be performed using two different
techniques: standard pull-type technique and needleknife technique. The pull-type technique involves wireguided cannulation of the dorsal duct with a regular size
www.wjgnet.com
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papillotome. Although some advocate the use of an ultratapered tip papillotome in this setting (e.g. 3-F), we find
a regular papillotome to be softer on the papilla and
allow for easier cannulation. In addition, a soft-tipped,
hydrophilic, 0.035-inch guidewire is generally used during
cannulation. Once deep cannulation is achieved, the
papillotome may be slightly bowed while the cutting wire is
directed along the course of the dorsal duct (usually in the
11 o’clock position) so as to completely ablate the mucosal
mound of minor papilla. Either pure cutting current or
blended current on the electrosurgical generator may be
used.
The needle-knife technique is similar to that of EPS
of the major papilla. Following wire-guided cannulation,
a small diameter 3-F or 5-F pancreatic stent is first placed
over the wire and through the minor papillary orifice into
the proximal dorsal duct. Once the stent is in position and
the guidewire is removed, a needle-knife is used to cut the
portion of the minor papillary mound above the stent.
The needle-knife cutting wire is generally directed in the 11
o’clock position along the course of the dorsal duct as the
minor papilla is ‘unroofed’. Again, either blended current
or pure cutting current may be used.

INDICATIONS FOR EPS
Unlike endoscopic biliary sphincterotomy, literature that
describes and validates the indications for pancreatic
sphincterotomy is sparse. There are several reasons for
this disparity. First, EPS appears to be mainly performed
at specialized referral centers. Physicians performing this
procedure usually have years of experience in therapeutic
biliary and pancreatic endoscopy. In order to perform EPS
with adequate proficiency, the endoscopist must typically
practice in an environment that yields a relatively high
volume of ERCP. The centers that perform EPS should
be capable of handling all the possible complications
associated with this procedure. Furthermore, it is the
relatively high likelihood of complications seen with EPS
that contributes to the reluctance among physicians to
perform this technique. As a result, there have been fewer
published studies over the years that outline the indications,
outcomes, and safety of pancreatic sphincterotomy.
EPS may be indicated for a variety of diseases and
disease-related manifestations that involve the pancreas.
In general, it is easier to consider the indications for EPS
in terms of primary or secondary therapy (Table 1). In
other words, this technique may be performed by itself
as the primary treatment modality (i.e. for the treatment
of pancreatic-type sphincter of Oddi dysfunction); or
it may be utilized as a secondary treatment modality in
facilitating a further intervention (i.e. better access to
the main pancreatic duct before dilating a downstream
dominant stricture. Overall, there is far more data available
regarding the use of EPS in conjunction with an additional
intervention (secondary therapy) than for using this
technique alone (primary therapy)[4].

EPS AS PRIMARY THERAPY
Most of the literature describing pancreatic sphincterotomy
as the primary endoscopic therapy of choice is concentrated
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Table 1 Indications for endoscopic pancreatic sphincterotomy
(EPS)
EPS as primary therapy
Sphincter of Oddi dysfunction (SOD)
-Pancreatic SOD
-Biliary SOD unresponsive to biliary sphincterotomy
Chronic pancreatitis with papillary stenosis/stricture
Pancreas divisum (EPS of the minor papilla)
EPS to facilitate a further intervention
Chronic pancreatitis treated with pancreatic stent and/or stone removal
Pancreatic pseudocyst treated with transpapillary drainage
Resection of an ampullary adenoma
Pancreatic fistula treated with stent placement
Pancreatic disease due to malignancy
-Primary pancreatic cancer causing strictures, stones, pseudocysts
-Metastatic disease to the pancreas causing strictures, stones,

on the area of pancreas divisum and minor papillotomy.
This is a separate topic and should be reserved for a separate
review. However, EPS has been shown to provide primary
therapeutic benefit in patients with at least two separate
and distinct disorders: pancreatic-type sphincter of Oddi
dysfunction (SOD) and chronic pancreatitis.
SOD is a benign obstruction to the flow of bile
or pancreatic juice at the level of the pancreaticobiliary
junction[16-20]. It is due to functional dyskinesia or hypertension
of the biliary and/or pancreatic portion of the sphincter[21-25].
It results in transient noncalculous obstruction, causing
abdominal pain or pancreatitis[26-30]. Isolated pancreatictype SOD may be seen in 15% to 20% of all patients with
acute recurrent pancreatitis of unknown etiology. It has
been estimated to occur in 25% of all patients undergoing
manometry for suspected SOD[31-35]. Type 1 pancreatic SOD
is characterized by the triad of pancreatic-type abdominal
pain, elevated amylase and lipase levels, and a dilated main
pancreatic duct[36.37]. Type 2 pancreatic SOD has pancreatictype abdominal pain associated with either elevated enzyme
levels or a dilated duct[16].
The overall clinical response rate of endoscopic
sphincterotomy for SOD (biliary and pancreatic) ranges
between 55% and 95%. Patients with Type 1 pancreatic
SOD are most likely to benefit from EPS. Several studies
have shown that these patients may experience a significant
reduction in pain and clinical episodes of pancreatitis. Type
2 pancreatic SOD may also achieve benefit from EPS, but
some prefer to document abnormal pancreatic manometry
before undergoing sphincterotomy. In addition, more
recent studies have suggested a clinical benefit from EPS
in those patients who have persistent pain despite prior
biliary sphincterotomy[38].
A pancreatic sphincterotomy alone is frequently used
as the primary treatment modality in moderate to severe
chronic pancreatitis. The rationale for treating chronic
pancreatitis with endoscopic therapy is based on the
principle of decreasing pancreatic intraductal pressure.
In moderate to severe disease, the development of ductal
stones, protein plugs, and ductal strictures may occur. Each
of these can cause partial or complete obstruction to the
flow of pancreatic juice out into the duodenum, resulting
in permanent alterations to the duct morphology. Ductal
obstruction leads to tissue hypertension, and thus tissue
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ischemia. Karanjia et al [39] demonstrated a reduction of
pancreatic blood flow after ligation of the main pancreatic
duct (therefore producing intraductal hypertension) in
a feline model of pancreatitis. The reduction of blood
flow was partially reversed after relief of the main duct
obstruction. It is believed that the symptom of pain in
chronic pancreatitis is directly due to this parenchymal
ischemia[1].
Another consequence of obstruction to the main
pancreatic duct is secondary obstruction to the smaller
side branch ducts. This ultimately causes parenchymal
atrophy. As the tissue begins to atrophy, the pancreas loses
its ability to perform both its endocrine and exocrine
functions. A therapeutic intervention that could minimize
intraductal pressure might help to prevent this dangerous
cascade of events, thus diminishing pain and preserving
function. This is the basis, although controversial, behind
EPS in chronic pancreatitis.
Few studies have specifically examined the role of EPS
as the sole endoscopic therapy in chronic pancreatitis.
Most studies that have investigated this topic have done
so in the context of additional endoscopic interventions.
Studies like this need to be examined closely in order to
separate those patients who received EPS alone versus
those who received EPS in concert with an additional
endoscopic technique. This is often difficult, especially
if the authors have not clearly distinguished between the
two groups. Nonetheless, several studies have attempted
to evaluate the safety and long-term results of pancreatic
sphincterotomy in chronic pancreatitis.
Ell et al[40] described pancreatic sphincterotomy in 118
patients with chronic pancreatitis. Eighty percent of the
patients underwent a standard pull-type sphincterotomy,
while 20% underwent a needle-knife technique. Overall,
98% of the sphincterotomies performed were successful,
and the complication rate was only 4.2%, including four
cases of moderate pancreatitis and one case of severe
bleeding. The results in terms of pain relief were not
examined in this study, however.
Okolo et al [41] retrospectively analyzed 55 patients
who had a pancreatic sphincterotomy. Forty patients
(73%) underwent the procedure for the indication of
symptomatic chronic pancreatitis. The goal of the study
was to assess the long-term efficacy of sphincterotomy
with pain relief being the primary endpoint. After a
median follow-up of 16 mo, 60% of all patients reported a
significant improvement in their pain scores.
Papillary stenosis appears to be a clear-cut indication
EPS in those patients with symptomatic chronic pancreatitis.
Without significant ductal abnormalities distal to the papilla,
pancreatic sphincterotomy by itself can be confidently
utilized as the primary endoscopic therapy of choice in
these patients. Similarly, mucinous ductal ectasia involving
the proximal main pancreatic duct is also a proven indication
for EPS in those patients with recurrent pancreatitis[4].

EPS AS SECONDARY THERAPY
Pancreatic sphincterotomy is commonly performed in
concert with other endoscopic techniques such as stent
placement or balloon dilatation of the pancreatic duct.
www.wjgnet.com
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Table 2 Complications of endoscopic pancreatic sphincterotomy
(EPS)
Early Complications (< 3 mo, typically < 72 h)
Pancreatitis
Severe bleeding
Perforation
Pancreatic and/or biliary sepsis
Late Complications (> 3 mo)
Papillary stenosis
Proximal pancreatic duct strictures
Stent-related Complications (variable timing)
Ductal and parenchymal changes
Stone formation
Infection
Ductal perforation
Stent migration
Stent occlusion
Duodenal erosion

In this setting, the purpose of the sphincterotomy is to
help facilitate the primary therapy (i.e. removal of stones
from the duct or dilatation of a ductal stricture). There are
several diseases and conditions in which EPS is used in
this manner (Table 1). The decision to cut the sphincter in
these situations is based on sound clinical judgment by the
endoscopist, and whether or not he or she feels that the
risk of EPS is outweighed by the potential benefit gained
in aiding the primary therapy.
In moderate to severe chronic pancreatitis, ductal
strictures and stones are frequently encountered. If their
location within the main duct is very distal to the papilla,
EPS alone may not be sufficient. Stone removal or
stricture dilatation is often times the main goal of ERCP
for certain patients. Pancreatic sphincterotomy may be
needed before the procedure for better access to the duct
(precut), or it can be used simply to help reduce intraductal
hypertension and allow for easier flow of juice and
calculous debris out into the duodenum. This also holds
true, for example, when treating pancreatic pseudocysts by
means of a transpapillary approach. For those pseudocysts
that communicate with the main pancreatic duct, a stent
is placed within the duct in order to bridge the fistulous
connection [42]. EPS in this setting also helps to reduce
intraductal pressures and facilitate flow out towards the
papilla.
Other clinical scenarios for which sphincterotomy is
indicated as secondary therapy include stent placement
prior to surgery for mucinous ductal ectasia, as well as
stent placement in the treatment of a pancreatic fistula[4].
EPS may also be used in concert with a pancreatic stent
following the resection of an ampullary adenoma. Here,
the purpose of the sphincterotomy (and the stent) is to
reduce the risk of post-procedural pancreatitis due to
peri-ampullary edema. Finally, sphincterotomy is often
indicated for the palliative treatment of strictures, stones,
and pseudocysts in malignant obstruction of the pancreas.

COMPLICATIONS OF EPS
In general, there are essentially three different types of
complications associated with pancreatic sphincterotomy:
early, late, and stent-related complications (Table 2)[43].
www.wjgnet.com
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Early complications are usually recognized within the
first 72 h after the procedure, but often times within
the first few hours. They include pancreatitis, severe
bleeding, perforation, and pancreatic or biliary sepsis.
Late complications are encountered at least 3 mo after the
procedure, and this category mainly consists of papillary
stenosis and proximal ductal strictures. Stent-related
complications include pancreatic ductal and parenchymal
changes, stone formation, infection, ductal perforation,
stent migration, stent occlusion (causing pain and/or
pancreatitis), and duodenal erosion.
Within the last 13 years, there have been four major
studies that have examined the rates of complication
associated with pancreatic sphincterotomy of the major
papilla[14,44-46]. In a study by Kozarek et al[13], 56 patients
underwent EPS. Fifty-four (96%) patients had chronic
pancreatitis and two patients had acute recur rent
pancreatitis. The indications for the sphincterotomy
were as follows: obstructing ductal calculi (26), ductal
disruption and leak (12), sphincter stenosis (10), and
dominant stricture (8)[14]. Forty-seven patients had a pulltype sphincterotomy, and 33 of these patients also had
a pancreatic stent placed after the sphincterotomy. Nine
patients had a needle-knife sphincterotomy over an
existing pancreatic stent. Early complications occurred
in 10.7% of the patients, and they included pancreatitis
(4 patients, 7.1%) and cholangitis (2 patients, 3.6%). Late
complications, however, occurred in 30% of the patients:
14% with papillary stenosis, and 16% with asymptomatic
ductal changes (thought to be due to the stent placement).
Esber et al[44] reported the complications of EPS in
236 consecutive patients. A pull-type sphincterotomy was
performed in 123, and 87 patients in this group also had
a stent placed following the sphincterotomy. Needle-knife
sphincterotomy over a pancreatic stent was performed in
113 patients. Seventy-four percent of the patients had a
sphincterotomy for the purposes of treating pancreatictype SOD, while 26% had chronic pancreatitis and the
procedure was performed to facilitate an additional
endoscopic maneuver such as removal of stones, stricture
biopsy, etc. Overall, post-ERCP pancreatitis occurred in
14% (mild in 76%, moderate in 21%, and severe in 3%).
Other various complications occurred in only 1.7% of the
cases. The rate of pancreatitis was 15.5% in the patients
with pancreatic-type SOD. It was only 9.7% in the patients
with chronic pancreatitis. It has been suggested that the
reason for this lower rate of post-ERCP pancreatitis is
due to the periductal fibrosis and scarring seen in those
patients with underlying chronic pancreatitis. In other
words, the limited amount of nearby healthy pancreatic
parenchyma offers some protection against the injury that
occurs after a pancreatic sphincterotomy[14,43].
Parsons et al [45] evaluated the complication rate of
performing a stentless pancreatic sphincterotomy. In 31
patients, EPS was done with a pull-type sphincterotome
followed by the placement of a nasopancreatic tube. All
the tubes were removed within 24 h of placement. PostERCP pancreatitis was observed in one patient (3.2%),
and there were no other complications seen such as
perforation, bleeding, or sepsis.
More recently, Varadarajulu et al [46] perfor med a
randomized, prospective trial comparing pull-type and
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needle-knife EPS in pancreatic-type SOD patients [47].
The aim of the study was to assess the relative safety of
each method of sphincterotomy. Consecutive patients
who were diagnosed with pancreatic SOD by manometry
were randomized to receive EPS by pull-type or needleknife sphincterotome. The primary outcome was the
rate of post-ERCP pancreatitis, and secondary outcomes
included the rate of endoscopic re-intervention and the
response to therapy. A total of 48 patients were enrolled,
with 24 in each group. Seven patients (29%) in the pulltype EPS group developed pancreatitis, as compared to
none in the needle-knife group (P = 0.01). Three patients
(12.5%) in the pull-type group required a re-intervention
of some kind, versus two (8.3%) in the needle-knife
group. Response to endoscopic therapy was the same in
each group. The authors concluded that EPS in high-risk
patients such as those with SOD is safer if performed with
a needle-knife over a pancreatic stent.
Attwell recently compared the complication rates of
minor papillotomy using either pull-type or needle-knife
technique in 184 patients with pancreas divisum[48]. In this
single-center study, there was no significant difference in
the rates of post-ERCP pancreatitis or post-papillotomy
bleeding. The overall complication rates in each group
were 8.3% (needle-knife group) versus 7.8% (pull-type
group). However, the authors did conclude that younger
age (< 40 years old) was independently associated with
higher rates of restenosis and endoscopic reintervention.
O ve r a l l , t h e r a t e o f p a n c r e a t i t i s f o l l ow i n g a
pancreatic sphincterotomy appears to be approximately
10%����
-���
12%[47-51], with a total early complication rate between
10%����
-���
15%[52-56]. Pancreatitis occurs more frequently in those
patients with pancreatic-type SOD, rather than those who
have it performed for problems associated with chronic
pancreatitis[57-61]. Thorough data concerning the use of
pancreatic stents in the prevention pancreatitis following
a pull-type sphincterotomy is somewhat lacking [62-66].
Sherman et al[67] showed that a pancreatic stent used with
needle-knife sphincterotomy may limit the frequency of
post-procedural pancreatitis in SOD patients. The problem,
however, is that if the stent is left in place for too long,
it may begin to induce unwanted ductal and parenchymal
changes itself. Also, depending on the type of stent used,
patients may need to undergo an additional procedure to
have this endoprosthesis removed.
Pancreatitis is the most concer ning potential
complication for those endoscopists who perform EPS.
This is mainly because it appears to be the complication
over which we have the least amount of control, and
also because its effect may be very severe and sometimes
lethal [68] . The decision to place a stent following any
sphincterotomy is made on a case-by-case basis. Factors
weighed in the decision include the perceived risk of early
pancreatitis versus the potential for late complications and
the need for an additional procedure.
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different techniques for performing EPS: a pull-type
sphincterotome without prior stent placement, and a
needle-knife sphincterotome over a stent. Historically, the
indications for EPS have been less well-defined than those
of endoscopic biliary sphincterotomy. Nonetheless, there
are at least a few conditions such as chronic pancreatitis
and pancreatic SOD in which pancreatic sphincterotomy
plays a definite role. The complications associated with
EPS are many, although acute pancreatitis appears to
be the most common and the most serious of the early
complications. Papillary stenosis is a significant late
complication of this procedure as well. The technique of
pancreatic sphincterotomy continues to be reserved for
those endoscopists who perform a relatively high-volume
of therapeutic pancreaticobiliary ERCP.
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Abstract
AIM: To compare the antiviral efficacy of adefovir
(ADV) in lamivudine (LMV)-resistant patients with LMV
treatment in nucleoside-naïve patients, using serum
samples collected sequentially during the course of
treatment progressing from LMV to ADV.
METHODS: Forty-four patients with chronic hepatitis
B (CHB) were included. The patients were initially
treated with LMV and then switched to ADV when LMV
resistance developed. Antiviral efficacy was assessed by
measuring the following: reduction in serum HBV DNA
from baseline, HBV DNA negative conversion (defined as
HBV DNA being undectable by the hybridization assay),
5
and HBV DNA response (either HBV DNA level ≤ 10
copies/mL or a ≥ 2 log10 reduction from baseline HBV
DNA level).
RESULTS: After two and six months of treatment, HBV
DNA reduction was greater with LMV compared to ADV
treatment (P = 0.021). HBV DNA negative conversion
rates were 64% and 27% after one month of LMV and
ADV treatment respectively (P = 0.001). Similarly, HBV
DNA response rates were 74% and 51% after two months
of LMV and ADV treatment respectively (P = 0.026).
The time taken to HBV DNA negative conversion and to
HBV DNA response were both delayed in ADV treatment
compared with LMV.
CONCLUSION: The antiviral efficacy of ADV in LMVresistant patients is slower and less potent than that with
LMV in nucleoside-naïve patients during the early course
of treatment.
www.wjgnet.com

INTRODUCTION
Chronic hepatitis B (CHB) is a common disease, with
an estimated prevalence of approximately 5% of the
world’s population[1]. Carriers of hepatitis B virus (HBV)
are at an increased risk of developing cirrhosis, hepatic
decompensation, and hepatocellular carcinoma [2], and
these complications result in greater than 1 million deaths
annually[3]. Therefore, the ultimate goal of therapy is to
limit or reverse the progression of the disease by sustained
suppression of HBV replication [4] . This goal can be
achieved with the use of well-tolerated antiviral agents
that provide clinical benefit without inducing resistance.
Lamivudine (LMV) and adefovir dipivoxil (ADV) are
safe and efficacious drugs licensed for the treatment
of CHB. LMV was the first oral drug licensed for the
treatment of CHB. It increases hepatitis B e antigen
(HBeAg) seroconversion, improves HBV-associated
liver disease and reduces the progression of hepatic
fibrosis, and the development of cirrhosis[5-8]. However,
selective amplification of LMV-resistant mutants is the
main concern with long-term LMV treatment [9,10]. The
prevalence of resistant mutants is 16%-32% during the
first year of treatment and increases by approximately 15%
with each year of additional treatment[11-14]. Emergence
of LMV-resistance has been reported to be associated
with diminished clinical and virological response to
LMV [6,15,16] . Exacerbation of CHB was reported to
develop in 40.6% patients carrying LMV-resistant mutants
during continued LMV treatment [17]. LMV-resistance
is associated with advanced hepatic fibrosis and severe
microinflammatory changes in patients with recurrent
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HBV infection after liver transplantation[18]. Furthermore,
hepatic decompensation and death can occur, particularly
in patients with cirrhosis[17,19-22]. In addition, the risk of
hepatocellular carcinoma may be increased in patients
with LMV-resistance[23]. Therefore, management of LMVresistant mutants is a major concern in clinical practice.
ADV use is associated with a low incidence of viral
resistance[24-26] and this drug has potent antiviral efficacy
in nucleoside-naïve patients with CHB, resulting in
significant biochemical, virological, and histological
improvement. Moreover, ADV is efficacious against LMVresistant HBV[27-29]. With an increasing number of patients
undergoing prolonged LMV treatment, the potential
candidates for ADV is growing. However, there are no
reports on a direct comparison between the use of ADV
for treating patients with LMV-resistant hepatitis B, and
the use of LMV for treating nucleoside-naïve patients, in
terms of antiviral efficacy and the duration of treatment
required.
The present study was carried out to compare the
antiviral efficacy of ADV in patients with LMV-resistant
strains and LMV in nucleoside-naïve states, using serum
samples collected sequentially from 44 patients with CHB
during the course of progression from LMV to ADV
treatment.

MATERIALS AND METHODS
Materials
Data was collected retrospectively from 44 patients treated
with LMV initially and switched to ADV because of
development of LMV-resistant HBV infection. Serum
samples were obtained at baseline and 1, 2, 3, 6, and 12 mo
after commencement of LMV and ADV treatment and
kept at -70℃ until HBV DNA levels were measured by
real time PCR. All patients were negative for antibodies to
human immunodeficiency virus and hepatitis C.
Tests for biochemical liver-functions and viral
replication, including HBeAg, anti-HBe antibodies and
HBV DNA levels, were assessed every 1-3 mo during the
treatment period. The HBV DNA levels were quantified
using both the hybridization technique (HBV Test, Hybrid
Capture Ⅱ, Digene Corp., Gaithersburg, MD; detection
limit, 0.5 pg/mL) and real time PCR assay (GeneMatrix Inc,
Seoul, Korea; detection range, 366-3.66 × 1011 copies/mL).
The protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in a priori
approval by Korea University Guro Hospital human
research committee.
Definitions of antiviral treatment response
Antiviral treatment efficacy was deter mined by the
reduction in HBV DNA levels from baseline, HBeAg
seroconversion, HBV DNA negative conversion, and
HBV DNA response. HBeAg seroconversion was
defined as the loss of HBeAg and detection of anti-HBe
antibodies in patients whose baseline HBeAg was positive.
HBV DNA negative conversion was defined as loss of
HBV DNA determined by the hybridization assay on
two or more consecutive occasions, at least three months
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apart. HBV DNA response was defined as HBV DNA
level ≤ 10 5 copies/mL or a ≥ 2 log 10 reduction from
baseline HBV DNA level[33]. Viral breakthrough (V-BT)
was defined as the reappearance of HBV DNA, measured
by the hybridization assay, in patients whose level had
become undetectable for at least three months after
commencement of antiviral treatment.
HBV DNA quantification by real time PCR
Quantitative analysis of serum HBV DNA was performed
retrospectively from stored serum samples. Viral DNA was
extracted using Qiagen Blood Kits (Qiagen, Chatworth,
CA, USA) according to the manufacturer’s instructions.
PCR amplifications were perfor med using a 25 µ L
reaction mix containing 300 nmol/L of the forward and
900 nmol/L reverse primers, and 250 nmol/L TaqMan
probe (Perkin Elmer Biosystems, Foster City, CA, USA),
TaqMan universal PCR masterMix (Applied Biosystems,
Foster City, CA, USA) and 5 µ L HBV DNA. An ABI
prism model 7300 (Applied Biosystems) continuously
detected amplified signals. The following real time PCR
amplification protocol was used: (1) initial minimal reamplification of carry over product with uracil-Nglycosylase (AmpErase, Applied Biosystems) at 50℃
for 10 min, and (2) a double round of amplification and
quantification involving: 45 cycles at 95℃ for 15 s and
at 60℃ for 60 s. The respective sequences of forward
primer, reverse primer and TaqMan probe were as
follows: 5’-CCgTCTgTgCCTTCTCATCTg-3’ (HBV1F,
nucleiotides 1549-1569), 5’-AgTCCAAgAgTTCTCTTATg
YAAgACCTT-3’ (HBV1R, nucleotides 1641-1669), and 5’
FAM-CCgTgTgCACTTCgCTTCACCTCTgC-TAMRA 3’
(HBV1TAQ, nucleotides 1575-1600). Nucleotide sequence
positions were numbered according to Ono et al[31].
The absolute amount of HBV DNA was quantified
using a standard curve generated from subcloned pUC119
(Takara, Japan), a recombinant plasmid containing the
entire 3.2 kb of HBV DNA. The linear dynamic range of
detection was 366-3.66 × 1011 copies/mL.
LMV-resistant mutation analysis
Aliquots of 2 µ L of viral DNA were used for PCR
r e a c t i o n s. Fo r g e n o t y p i n g , m a t r i x - a s s i s t e d l a s e r
desorption/ionization time of flight mass spectrometry
(MALDI-TOF MS; Bruker Daltonics Biflex IV, Billerica,
MA, USA), termed RFMP, PCR was performed in 18
µL of reaction mixture containing 20 mmol/L Tris-HCl
(pH 8.4), 50 mmol/L KCl, 0.2 mmol/L of each dNTP,
10 pmoL of each primer, and 0.4 units of Platinum® Taq
DNA polymerase (Invitrogen, Carlsbad, CA, USA). The
amplification conditions included initial denaturation at
94℃ for 2 min, followed by 35 cycles of denaturation at
94℃ for 30 s, annealing at 55℃ for 30 s, and extension
at 72℃ for 30 s. The sequences of forward and reverse
primers used in the PCR were respectively: 5’-TTCCCCCA
CTgTTTggCTggATgTCAgTTAT-3’ (nucleotide numbers
712-738) and 5’-TACAgACTTggCCCCCAATACCACAT
gA-3’ (nucleotide numbers 771-744). To insert a new FokI
digestion site or to eliminate the naturally occurring FokI
site in the products, sequences underlined in each primer
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Table 1 Baseline characteristics of 44 patients with chronic
hepatitis B sequentially treated with lamivudine and adefovir
dipivoxil
Lamivudine
310 ± 251
1.7 ± 2.1
3.8 ± 0.6
39 (88.6)
7.64 ± 0.77

ALT level (IU/L)
Total bilirubin level (mg/dL)
Albumin level (g/dL)
Positive for HBeAg [Nos. (%)]
HBV DNA level (log copies/mL)1

Adefovir
336 ± 379
1.5 ± 1.0
3.9 ± 0.7
33 (75.0)
7.36 ± 1.16
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Table 2 Types of lamivudine (LMV)-resistant mutations in
1
40 patients in whom analysis of LMV-resistant mutation was
performed

P

Types of LMV-resistant mutations
M204I
M204V
M204I + L180M
M204V + L180M

NS
NS
NS
NS
NS

Patients n (%)
8 (20.0)
1 (2.5)
19 (47.5)
12 (30.0)

HBV DNA level
7.5 ± 0.7
8.03
7.5 ± 0.9
7.8 ± 0.5

2

1
1

Values are expressed as mean ± SD. Serum HBV DNA levels were measured
by real time PCR (with a lower limit of 366 copies/mL) and log-transformed
with the use of a base-10 scale. ALT: alanine aminotransferase; HBeAg:
hepatitis B e antigen; HBV: hepatitis B virus; Adefovir: adefovir dipivoxil; NS:
not significant.

were modified as described in Hong et al [32]. PCR was
performed as above to amplify the HBV polymerase gene
encoding the YMDD motif for cloning or for sequencing
analyses. Nucleotide sequence positions were numbered
according to Ono et al[31].
Restriction enzyme digestion of PCR products was
performed by mixing the PCR reaction mixture with 10 µL
of buffer containing 50 mmol/L potassium acetate,
20 mmol/L Tris-acetate, 10 mmol/L magnesium acetate,
1 mmol/L dithiothreitol and 1 unit of FokI. The reaction
mixture was incubated at 37℃ for 2 h and further incubated
at 45℃ for 2 h with BstF5I. The resulting digest was
desalted by vacuum filtration through a 384-well sample
preparation plate containing 5 mg of polymeric solvent
(Waters, Miliford, MA, USA) per well. The desalted reaction
mixtures were resuspended with matrix solution containing
50 mg/mL 3-hydroxy picolinic acid, 0.05 mol/L ammonium
citrate and 30% acetonitrile, and were spotted in 3 µ L
volumes on a polished anchorchip plate. Mass spectra were
acquired on linear Bruker Daltonics MALDI-TOF MS
workstation in a positive ion, delayed extraction mode.
Statistical analysis
The data was analyzed using the statistical package SPSS
(version 10.0; SPSS Inc., Chicago, IL, USA). The results
are expressed as the means ± standard deviations (SD).
HBV DNA levels are expressed as logarithmic scales.
Quantitative values are expressed as means and ranges,
and were compared using the Student’s t-test or the MannWhitney nonparametric U test. Kaplan-Meier estimates and
log-rank analyses were used to identify factors associated
with the time to HBeAg seroconversion. Qualitative values
were correlated with Chi-square or Fisher exact tests. In
all cases, P < 0.05 (two-tailed) was considered statistically
significant.

RESULTS
Baseline characteristics
Table 1 summarizes the baseline characteristics of 44
patients with CHB sequentially treated with LMV and ADV.
The mean age was 45 ± 11.2 years (range, 17-67). Thirty
patients were men and 13 had cirrhosis. LMV treatment was
given for a mean of 29 ± 15.4 mo (range, 7-68). During
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In the remaining four patients, LMV-resistant mutations were diagnosed
clinically by the reappearance of hepatitis B virus (HBV) DNA after HBV DNA
negativization (determined by hybridization assay). 2Serum HBV DNA levels
were measured by real time polymerase chain reaction (PCR), with a lower
limit of 366 copies/mL and subjected to log10 transformation. 3HBV DNA level
of mutation M204V was expressed only as a mean value because n = 1. LMV:
lamivudine; HBV: hepatitis B virus.

LMV treatment, cirrhosis developed in five additional
patients. V-BT emerged at a mean of 17 ± 8.5 mo
of LMV treatment (range, 5-44 mo).
Because of the development of LMV-resistant HBV, all
patients were treated with ADV. In 17 patients, LMV was
maintained for the initial 1-4 mo (median, 3 mo) of ADV
treatment and in 17 patients, LMV was discontinued with
the commencement of ADV treatment. The remaining 10
patients were treated with ADV after a treatment-free period
of 5 mo (median, range, 1-15 mo).
The baseline serum alanine aminotransferase (ALT),
total bilirubin and albumin levels and HBeAg status were
not significantly different between the LMV and ADV
treatment groups. The mean baseline HBV DNA levels
were 7.64 and 7.36 log10 copies/mL respectively.
The different types of LMV-resistance mutations
are summarized in Table 2. This analysis was performed
in 40 of the 44 study patients; in remaining four, LMVresistance was diagnosed clinically by the reappearance of
HBV DNA (assessed by hybridization assay) after initial
HBV DNA negative conversion. The most common
LMV-resistance mutation was M204I with L180M (48% of
patients). M204V with L180M developed in 30% patients.
The M204I and M204V mutations developed in 20%
and 3% patients, respectively. Baseline HBV DNA levels
did not differ between the four types of LMV-resistant
mutations, as shown in Table 2.
Reduction of HBV DNA levels from treatment baseline
The decline in serum HBV DNA from the baseline level
after LMV or ADV treatment was measured using real time
PCR and the results are shown in Figure 1 as log10 copies/mL
(mean ± SD). After one month of antiviral treatment,
the mean reduction in HBV DNA levels was 2.3 and 1.8
during LMV and ADV treatment respectively (P = 0.121).
However, after two months of treatment, LMV treatment
produced a significantly greater decline in the serum HBV
DNA level compared to ADV (2.7 ± 1.2 vs 2.1 ± 1.2; P =
0.021). Furthermore, after six months of treatment, HBV
DNA levels fell by 3.2 ± 1.4 with LMV treatment compared
to 2.5 ± 1.6 with ADV treatment (P = 0.030).
At treatment month 12, HBV DNA reduction from
baseline in the LMV and ADV treatment groups was 2.3
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Figure 1 Mean log10 changes in serum hepatitis B virus (HBV) DNA levels after
administration of lamivudine (dashed line) and adefovir (continuous line). Mean
(± SD) changes from baseline in serum HBV DNA concentrations were evaluated
using real time PCR assays (lower limit of detection, 366 copies/mL). aP < 0.05.
HBV: hepatitis B virus; LMV: lamivudine; ADV: adefovir dipivoxil.
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Figure 3 Cumulative rates of sustained hepatitis B e antigen (HBeAg)
seroconversion during one year of treatment with lamivudine (dashed line) and
after switching to adefovir (continuous line). Only patients with positive HBeAg
values at baseline were included in the analysis. Cumulative rates after oneyear treatment of lamivudine and adefovir were 13% and 15%, respectively. LMV:
lamivudine; ADV: adefovir dipivoxil; HBeAg: hepatitis B e antigen.
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Figure 2 Mean changes in serum alanine aminotransferase levels after
administration of lamivudine (dashed line) and adefovir (continuous line). The
levels were obtained at baseline and after 3, 6, 9 and 12 mo of lamivudine and
adefovir treatment. The values are not significantly different (P > 0.05). ALT:
alanine aminotransferase; LMV: lamivudine; ADV: adefovir dipivoxil.

and 3.0, respectively (P = 0.181). During each 12 mo of
treatment with LMV and then ADV, 14 (32%) patients and
two (5%) patients developed V-BT, respectively.
When ADV treatment was started, LMV therapy
was continued for the first 1-3 mo in 17 patients. The
reduction in HBV DNA from the baseline level during
ADV treatment was not different between those receiving
LMV/ADV combination therapy compared to those
receiving ADV alone. HBV DNA reduction from baseline
level was not different in the four types of LMV-resistant
mutations.
Biochemical response
Figure 2 shows the changes in serum ALT levels before
and during antiviral treatment. The mean serum ALT
levels during 12 mo of antiviral treatment were not
different between LMV and ADV treatment regimens.
Serum ALT levels normalized in 40 (91%) patients during
12 mo of LMV treatment, and in 39 (86%) patients during
12 mo of ADV treatment (P = 0.551). The time taken to
ALT normalization was 4.0 ± 3.55 mo and 5.3 ± 5.18 mo

Figure 4 Changes in the status of hepatitis B e antigen (HBeAg) and anti-HBe
after treatment with lamivudine and adefovir in patients with positive HBeAg.
Before treatment with lamivudine, HBeAg was positive in 39 patients. After one
year of treatment, 7 patients became HBeAg negative and 2 of these became
anti-HBe positive. During treatment with lamivudine, 14 patients became HBeAg
negative and 7 of these became anti-HBe positive. After development of viral
breakthrough because of lamivudine-resistance, HBeAg reappeared in 8 of the
14 patients. HBeAg was positive in 33 patients before the treatment with adefovir.
HBeAg became negative in 22 patients and 5 of them became anti-HBe positive
after one year of treatment. The numerals in the boxes represent the number of
patients according to the status of HBeAg and anti-HBe.

after the commencements of LMV and ADV treatment
respectively (P = 0.081).
HBeAg seroconversion
The cumulative rates of sustained HBeAg seroconversion
during one year of antiviral treatment were not different
between LMV and ADV (Figure 3). Cumulative rates
after one year of treatment with LMV and ADV were
13% (5 of 39 patients) and 15% (5 of 33 patients),
respectively. Two (40%) of the five patients whose HBeAg
had seroconverted during one year of LMV treatment,
reconverted to HBeAg positive status during V-BT. The
changes in the HBeAg and anti-HBe status before and
during treatment with LMV are shown in Figure 4.
HBV DNA negative conversion
HBV DNA negative conversion (based on hybridization
assay) was found in 27% patients after one month of
ADV treatment, compared with 64% of patients after
one month of LMV therapy (Figure 5A; P = 0.001).
The proportion of patients who achieved HBV DNA
www.wjgnet.com
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Figure 5 A: Percentage of patients with undectable HBV DNA (by hybridization assay) at months 1, 2, 3, 6, 9, and 12 after treatment with lamivudine (gray bars) and
after switching to adefovir (black bars). aP < 0.05 vs ADV; B: Time to HBV DNA loss during 12 mo of lamivudine (left) and adefovir (right) treatment. HBV DNA became
negative in 36 patients with lamivudine and in 28 patients with adefovir. Note that HBV DNA negativization took about 1 mo longer with adefovir (median 2 mo) compared
to lamivudine (median 1 mo; P < 0.05). Times to HBV DNA negativization (by hybridization assay) after lamivudine or adefovir treatment in each patient is represented as
and ▲, respectively. Horizontal bars () represent median time to HBV DNA negativization. LMV: lamivudine; ADV: adefovir dipivoxil.
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Figure 6 A: Percentage of patients with HBV DNA responses at months 1, 2, 3, 6, 9, and 12 after treatment with lamivudine (gray bars) and adefovir (black bars). aP <
0.05 vs ADV; B: Time to HBV DNA response during 12 mo of lamivudine (left) and adefovir (right) treatments. HBV DNA responses appeared in 36 patients with lamivudine
treatment and in 30 patients with adefovir treatment. HBV DNA response was slower when patients were treated with adefovir (median 1.5 mo) than with lamivudine (median
1 mo; P < 0.05). Time to HBV DNA response after lamivudine or adefovir treatment in each patient is shown as and ▲, respectively. Horizontal bars () represent median
times to HBV DNA response. LMV: lamivudine; ADV: adefovir dipivoxil.

negative conversion increased with the duration of ADV
treatment to 83% after 12 mo of treatment. By contrast,
HBV DNA negative conversion decreased to 59% after
12 mo of LMV treatment, because of the development
of Ⅴ-BT.
The mean time to HBV DNA negative conversion
from the beginning of antiviral treatment was longer in
the ADV treatment group (3.5 ± 2.9 mo; median 2 mo)
compared to the LMV treatment group (2.0 ± 2.1 mo;
median 1 mo) (Figure 5B; P = 0.020).
HBV DNA response
HBV DNA response was seen in 59% and 38% patients
after one month of LMV and ADV treatment respectively
(P = 0.46). After two months of treatment, HBV DNA
response was seen in 51% patients on ADV compared
to 74% on LMV treatment (Figure 6A; P = 0.026). The
HBV DNA response rate increased to 73% after 12 mo
of treatment with ADV. By contrast, HBV DNA response
decreased to 61% after 12 mo of LMV treatment, because
of the development of V-BT.
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The mean time to HBV DNA response from the
beginning of antiviral treatment was longer with ADV
treatment (2.9 ± 3.4 mo; median 1.5 mo) than LMV
treatment (1.6 ± 1.2 mo; median 1 mo; Figure 6B, P = 0.001).

DISCUSSION
The antiviral efficacy of ADV has been reported to be
similar to that of LMV in nucleoside naïve patients with
CHB [25,26,33,34]. Moreover, a recent in vitro study showed
that LMV-resistant mutants remained sensitive to ADV[27].
These findings have been supported by several clinical
studies, which showed similar antiviral efficacy of ADV
against wild type HBV and LMV resistant HBV[28,29,35-37]. In
these studies, HBV DNA reduction after ADV treatment
in nucleoside-naïve patients and LMV-resistant patients
were 2.9-3.9 and 2.5-4.3 log10 copies/mL, respectively.
However, the antiviral efficacy of ADV in patients with
LMV-resistance appears to be slower and less potent
compared with the response to LMV in nucleosidenaïve patients; although the evidence in support of this
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observation is limited. The present study was designed to
provide an answer to this question by direct comparison of
antiviral efficacy of LMV and ADV using serum samples
collected sequentially from patients with CHB who had
earlier received LMV, and who had been switched to ADV
because of the appearance of LMV resistance.
In our study, HBV DNA levels were quantified by two
methods; hybridization assay and real time PCR. Real-time
PCR has a very high sensitivity, although it has not been
widely used clinically until recently. At the time our patients
were under treatment with LMV, real time PCR was an
experimental technique and most clinicians were using the
hybridization assay to quantify HBV DNA. Therefore, the
majority of studies have used such data to compare the
antiviral efficacy of ADV in LMV-resistant patients with
that of LMV in nucleoside-naïve patients. To assess the
antiviral efficacy of LMV and ADV, it therefore seemed
necessary to analyze the data obtained by the hybridization
assay.
In our study, the suppression of serum HBV DNA
levels after two and six months of treatment was lower
with ADV compared to LMV. This finding is in contrast
with a recent report that indicated that LMV-resistant
mutations resulted in increased van der Waals contacts
between ADV and the mutated residues, accounting
for the superior binding affinity of ADV with these
mutants[38]. Recently, Ono et al[39] reported that the median
effective concentration values of ADV for LMV-resistant
mutants were 4-16 times higher than those for wild-type
HBV, and suggested that higher doses of ADV will be
required for the treatment of LMV-resistant mutants. Our
results support this suggestion.
To assess the antiviral efficacy of LMV and ADV, we
compared the proportion of patients with HBV DNA
negative conversion, and the time required to achieve
this after LMV and ADV treatment. After one month
of treatment, the conversion rate was significantly
lower with ADV compared to LMV treatment (27% vs
64%). In addition, HBV DNA negative conversion took
significantly longer after ADV than LMV. We also analyzed
the proportion of patients with HBV DNA responses, and
the time taken after LMV and ADV treatments. An HBV
DNA response was defined as an HBV DNA level ≤ 105
copies/mL or a ≥ 2 log10 reduction from the baseline
HBV DNA level, according to the criteria proposed
by Perrillo et al[30]. In their study, HBV DNA response
occurred in 85% of LMV-resistant patients after one year
of treatment with ADV. Similarly, Locarnini et al[40] defined
the antiviral response as ≥ 1 log10 reduction in HBV DNA
from the baseline level within three months of treatment.
In our study, HBV DNA response rate after two months
of treatment was significantly lower with ADV compared
to LMV (51% vs 74%). The HBV DNA response was also
significantly delayed after ADV treatment compared with
LMV.
In our study, 17 of the 44 patients treated with
ADV also received LMV for the initial 1-4 mo of ADV
treatment. Because such a combination could influence
the overall antiviral efficacy, we compared the efficacy of
HBV DNA suppression between patients who received
combination treatment and those who did not, and found
no significant difference in the results (data not shown).
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Although the antiviral efficacy of LMV was faster
than that with ADV during the first several months
of treatment, the development of V-BT reduced this
advantage of LMV after 12 mo of treatment. By contrast,
the antiviral efficacy of ADV increased with time, with a
low incidence of ADV-resistance. Therefore, ADV appears
to be superior to LMV under conditions that require longterm antiviral treatment. When we compared the rate of
HBV DNA reduction from the baseline level after the
exclusion of patients who developed V-BT within 12 mo
of antiviral treatment, there was no significant difference
between LMV and ADV treatments.
The probability of a mutant strain being selected
during therapy depends upon the ability of a drug to
suppress viral replication[41]. Using a more potent antiviral
drug during the initial course of treatment may reduce
the chances of selection of drug resistant mutants[40,41].
Therefore, it is necessary to determine whether using
ADV rather than LMV for the initial treatment might
affect the incidence of drug resistance in long-term
nucleoside/nucleotide-treated patients. In our study, only
two of 44 (5%) patients developed V-BT after 12 mo of
treatment because of ADV-resistant mutation, which was
significantly lower than the incidence of V-BT caused by
LMV-resistant mutations (32%, P = 0.002). However, the
incidence of V-BT caused by ADV-resistant mutations
was higher than that reported previously[24]. Our findings
are consistent with a recent study which showed that
the emergence of the ADV mutations in LMV-resistant
patients appeared to occur earlier and was more frequent
than in nucleoside-naïve patients[42]. Further studies are
needed to determine whether the less potent and slower
antiviral efficacy of ADV in the early treatment course in
LMV-resistant patients could lead to a higher incidence of
ADV-resistant mutations.
The main limitation of our study was that we compared
the efficacy of ADV in LMV-resistant patients with that
of LMV in nucleoside-naïve patients and not with that of
ADV in nucleoside-naïve patients. It should be noted that
we compared the antiviral efficacy of two different drugs,
nucleoside analogue (LMV) and nucleotide analogue (ADV)
under different conditions: a nucleoside-naïve state and
an LMV-resistant state. However, our study was designed
to analyze any difference in the antiviral efficacy, and the
time taken to achieve sufficient HBV DNA suppression
after commencement of antiviral therapy when LMV was
switched to ADV because LMV resistance had developed.
We demonstrated that ADV had slower and less potent
antiviral effect, which most clinicians have suspected until
now using the hybridization assays, and verified these
findings using real time PCR.
In conclusion, the antiviral efficacy of ADV in patients
with LMV-resistant HBV appears to be slower and less
potent than that of LMV against wild type HBV during
the early course of treatment. However, the superior initial
antiviral efficacy of LMV was reduced in the later course
of treatment because of the appearance of drug resistant
viral mutations.
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Abstract
AIM: To study the effect of Hepatitis C virus nonstructural 5A (HCV NS5A) on IFNα induced signal
transducer and activator of transcription-1 (STAT1)
phosphorylation and nuclear translocation.
METHODS: Expression of STAT1 Tyr701 phosphorylation
at different time points was confirmed by Western
blot, and the time point when p-STAT1 expressed
most, was taken as the IFN induction time for further
studies. Immunocytochemistry was used to confirm the
successful transient transfection of NS5A expression
plasmid. Immunofluorescene was performed to observe
if there was any difference in IFNα-induced STAT1
phosphorylation and nuclear translocation between HCV
NS5A-expressed and non-HCV NS5A-expressed cells.
Western blot was used to compare the phosphorylated
STAT1 protein of the cells.
RESULTS: Expression of HCV NS5A was found in the
CNS5A-transfected
cytoplasm of P
Huh7 cells, but not in the PRC/
CMV transfected or non-transfected cells. STAT1 Tyr701
phosphorylation was found strongest in 30 min of IFN
induction. STAT1 phosphorylation and nuclear import
were much less in the presence of HCV NS5A protein in
RC/CMV-transfected
contrast to P
and non-transfected cells under
fluorescent microscopy, which was further confirmed by
Western blot.
CONCLUSION: HCV NS5A expression plasmid is
successfully transfected into Huh7 cells and HCV NS5A
protein is expressed in the cytoplasm of the cells. IFN-α
is able to induce STAT1 phosphrylation and nuclear
translocation, and this effect is inhibited by HCV NS5A
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protein, which might be another possible resistance
mechanism to interferon alpha therapy.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection has become a major
problem of public health with more than 100 million
infected individuals worldwide, including over 30 million
in China. Unfor tunately, up to 60%-80% of HCV
infected adults will develop chronic liver disease, although
the clinical phenomena may vary greatly from being
asymptomatic to liver cirrhosis or heptocellular carcinoma
(HCC)[1]. Interferon is still the major drug against chronic
hepatic HCV infection, but sustained virologic response
(SVR) to interferon alone remains low, especially in HCV
1b infected patients. Although a combination of peglated
IFN and ribovirin may greatly improve the SVR and now
become the standard therapy, some patients still remain
unresponsive. HCV proteins which may be related to
interferon resistance include core protein C[2], envelope
protein E[3], nonstructural protein NS3/4A[4] and NS5A[5].
As one of the HCV nonstructural proteins, NS5A plays an
important role in the interferon response, viral replication,
and hepatic carcinogenesis[6]. Janus kinase-signal transducer
and activator of the transcription (JAK-STAT) signaling
pathway is a major interferon-induced signal pathway
which executes the anti-vir us function. STAT1 is a
member of the STAT family, which exists in the cytoplasm
as an inactivated monomer. Induced by interferon, STAT1
is Tyr701 phosphorylated and dimerized, then translocated
into the nucleus to stimulate ISGs (interferon stimulated
genes) transactivation and anti-viral protein expression.
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The anti-viral effectiveness of interferon may be inhibited
when this STAT pathway is damaged. HCV NS5A protein
is supposed to play an important role in HCV resistance
to IFN, and one of the mechanisms is to interact with
PKR[5,7,8], but it is still uncertain whether HCVNS5A has
any influence on the STAT signal. In this experiment
we found that HCV NS5A may inhibit STAT1 Tyr701
phosphorylation and nuclear translocation, which may be a
new way of HCV NS5A to interfere with IFN function.
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MATERIALS AND METHODS
Cell lines and plasmids transfection
Plasmid PRC/CMV is a gift from Professor Siddiqui (University
of Colorado, USA) Plasmids p CNS5A is an eukaryotic
expression vector made in Dr. Siddiqui’s laboratory, which
was constructed by cloning HCV type 1b NS5A cDNA
into PRC/CMV plasmid[9]. The liver carcinoma cell lines Huh7
(preserved at the Institute of Hepatology, The Second
Xiangya Hospital, Central South University) were grown
in Dulbecco’s modified eagle medium (Life Technologies,
USA) with 10% fetal bovine serum at 37℃ and 5% CO2.
The cells were transfected by the individual plasmids
with Lipofectin reagent (Life Technologies, USA) when
they became 60%-70% confluent. Forty-eight h after
transfection, the cells were harvested for the detection of
HCV NS5A protein expression by immunocytochemistry,
and the analysis of STAT1 Tyr701 phosphorylation and
nuclear translocation by immunocytofluoresence and
Western blot.
Western blot experiment
Total cellular proteins of Huh7 cells induced by IFNα-2b
(Harbin Pharmaceutical Company, China) at different time
points (0.25, 0.5, 1, 2, 4 and 8 h) were extracted as follows:
Huh7 cells were collected and 100 µ L lysate solution
[150 mmol/L NaCl, 1 mmol/L EGTA, 1 mmol/L NaF,
50 mmol/L Tris-HCl (pH7.4), 1% NP-40, 0.1 mmol/L
NaN3, 50 µ g/mL PMSF] was added. After 30 min
incubation on ice and centrifugation at 4℃, 12 000 × g for
10 min, the supernatant was saved as total cellular protein
for further studies. The same amount of total protein was
used to load onto 10% SDS-PAGE, and then transferred
onto a NC membrane (Schleicher & Schuell Company).
After blocking in 5% fat-free milk for 1 h, the membrane
was probed by anti-phosphorylated STAT1 (Tyr701) (Cell
Signaling Technology), washed and incubated with the
second HRP-labeled antibody (Boster, China), and then
observed by DAB staining (KPL, USA), and anti-actin
(Santa Cruz) served as the control.
Immunocytochemistry and immunofluorescence assay
For immunocytochemistry, PCNS5A and PRC/CMV-transfected
and non- transfected Huh7, cells were washed three
times and fixed with 4% paraformaldehyde, then blocked
with 5% normal goat serum. Serum from HCV infected
patients as primary antibody was added to bind HCV
NS5A protein, followed by HRP-labeled antibody
incubation and DAB staining. For immunofluorecent assay,
PCNS5A- and PRC/CMV-transfected and non-transfected Huh7

B

C

Figure 1 HCV NS5A protein staining of Huh7 cells after 48 h transfection (DAB,
× 400). A: PCNS5A-transfected cells; B: PRC/CMV-transfected cells; C: Non-transfected
cells.

cells induced by IFNα-2b for 30 min were washed and
fixed as described in immunocytochemistry. Anti-STAT1
(Boster, China), anti-phosphorylated STAT1 (Tyr701, Cell
Signaling Technology, USA) and FITC-labeled antibody
(KPL, USA) were employed, and the staining was observed
under fluorescent microscope.

RESULTS
HCV NS5A expression was detected in PCNS5A-transfected
cells
HCV NS5A protein was found in brown staining, and
distributed in the cytoplasm around the nucleus in
some PCNS5A-transfected huh7 cells, but no staining was
observed in PRC/CMV transfected or non-transfected cells
(Figure 1). This result indicates that NS5A plasmid was
successfully transfected into Huh 7 cells and NS5A protein
expressed.
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Figure 2 Tyr701 phosphorylated STAT1 in Huh7 cells induced by IFNα-2b (10 000
U/mL) (Western blot).

STAT1 Tyr701 phosphorylation after induction of IFNα-2b
STAT1 Tyr701 was mostly phosphorylated after 30-min
of induction of IFNα-2b. Western blot showed that the
time point of 30 min after IFNα-2b induction was the
best for STAT 1Tyr701 phosphorylation, though early to
15 min and later till 4 h after IFN stimulation, the STAT1
phosphorylation was still detected (Figure 2). We therefore
chose the 30 min of IFN induction as the time point for
further experiments.
Immunoflurorescence assay was used to identify the
STAT1 phosphorylation and nuclear translocation more
clearly. Under fluorescent microscopy, whole STAT1 was
found in the plasm of Huh7 cells, but not in nucleus
without IFN stimulation. After 30-min induction of IFNα2b, almost all of the STAT1 translocated into the nuclei
(Figure 3A). When anti-phosphorylated STAT1 (Tyr701)
was employed as the first antibody, as we anticipated,
there was no staining of STAT1 in the cytoplasm of the
cells without IFN stimulation, indicating that STAT1
found in the plasma was un-phosphorylated. It was also
demonstrated in this experiment that the STAT1 in
nucleus was totally stained after 30 min of IFN induction,
indicating the STAT1 in the nucleus was phosphorylated
(Figure 3B). These results showed that IFNα-2b was able
to induce STAT1 phosphorylation and sequential nuclear
import.
IFNα-2b-induced STAT1 phosphorylation and nuclear
translocation inhibited by HCV NS5A protein
When the JAK-STAT signal pathway was activated by
IFN, STAT1 molecules originally distributed in the plasma
were phosphorylated at Tyr701 and translocated into the
nucleus in a short time. In our experiment, Huh7 cells
were induced by IFNα-2b (10 000 U/mL) for 30 min. We
found that PRC/CMV-transfected and non-transfected cell nuclei
were stained for STAT1, and no difference was observed
between the two-groups of cells. On the contrary, most
PCNS5A -transfected cells were nuclei negative while plasma positive
for STAT1, indicating the inhibition of HCV NS5A on IFNinduced STAT1 nuclear import. With regard to the test using
anti-phosphorylated STAT1 as the first antibody, most of
the NS5A-expressed cell nuclei were not stained for STAT1,
suggesting that HCV NS5A inhibited STAT1 phosporylation.
Some cell’s nuclei were stained for STAT1, possibly because
these cells were not successfully transfected by the NS5A
expression plasmid. In the other two groups, all the cell nuclei
were positive and plasma was negative for p-STAT1 (Figure 4).
Western blot was perfor med to further confir m
NS5A's inhibition of STAT1 phosphorylation induced by
IFN. It turned out that phosphorylated STAT1 (Tyr701)
expression was remarkably lower in the presence of HCV
www.wjgnet.com
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Figure 3 STAT1 or Phosphorylated STAT1 (Tyr701) in Huh7 cells stimulated by
IFNα-2b (10 000 U/mL) for 30 min (FITC, × 400). A: STAT1; B: Tyr701.

NS5A compared with the other two groups with no NS5A
protein expression (Figure 5), indicating that HCV NS5A
had an inhibitive effect on STAT1 Tyr701 phosphorylation.

DISCUSSION
HCV is a positive single-stranded RNA virus belonging
to the Flaviridae family, and its genome only contains a
single long open reading frame encoding a large polyprotein precursor which is thereafter processed by a
combination of cellular and viral proteases into several
mature proteins, including three or four structural proteins
(core, E1, E2/P7) and at least 6 nonstructural proteins
(NS): NS2, NS3, NS4A, NS4B, NS5A, NA5B[10]. HCV
NS5A is a phosphoprotein that exists mostly in the
cytoplasm in two different forms of Mr 56 000 and 58 000
with modifications of serine residues. Mr 58 000 form
is produced by additional phosphorylation of the Mr
56 000 form[11]. In 1995, Enomoto et al[12] first discovered
the association between HCV NS5A and sensitivity to
interferon therapy. Since then, a lot of work has been done
and showed that HCV NS5A might affect an interferon
therapeutic effect through several ways, including variation
of amino acid in the HCV NS5A ISDR (interferon
sensitivity determining region)[12] or variable region V3[13,14],
interaction between antiviral protein PKR(double-stranded
RNA-dependent protein kinase)[5,7,8] or 2’, 5’-OAS (2’, 5’
-oligoadenylate synthetase)[15] and others[16,17]. But it is still
uncertain whether HCV NS5A has any effect on the IFNinduced STAT signal pathyway. Recently, NS5 protein from
other viruses such as Langat virus (LGTV) and Japanese
encephalitis virus have been reported to inhibit IFNinduced STAT signaling[23,24]. This aroused our interest in
knowing if HCV NS5A has similar function.
It is well known that the interferon mediated antiviral
effect is mainly through a JAK-STAT pathway, in which
STAT1 plays an important role as molecular messenger.
STAT1 exists in two isomerides, STAT1 α and splice
variant STAT1 β /STAT2. STAT1 α gene knockout rats

Gong GZ� et al . HCV NS5A inhibits STAT1 activation
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F: non-transfected.

STAT1

A

B

C

E

F

p-STAT1 (Tyr701)

D

shows no response to interferon α or γ[18], indicating the
criticality of STAT1 in interferon antiviral activity. STAT1
molecules originally distribute in cytoplasm. Induced by
interferon, the 701 amino acid residue in the C terminal
of STAT1 is phosphorylated and interferon stimulatory
gene factors are formed, followed by nuclear import with
importin α 5[19], binding to ISRE (interferon-stimulated
response element), and regulation of transactivation and
expression of antiviral proteins. So in our experiment,
we mainly focused on the possible effect of HCV NS5A
on STAT1 phosphrylation and nuclear translocation.
The results showed that STAT1 phosphorylation became
strong gradually when induced by interferon from 15
to 30 min and decreased quickly in a few hours, which
is in accordance with other reports [19] . When HCV
NS5A protein was introduced by transient transfection,
IFN-induced STAT1 nuclear translocation was greatly
decreased. Since STAT1 Tyr701 phosphorylation is the
prerequisite of IFN-induced STAT1 nuclear import, we
further proved that STAT1 Tyr701 phophorylation and
sequential nuclear translocation were both reduced in
the presence of HCV NS5A, indicating that HCV NS5A
interferes with the interferon signaling pathway. It might
be one of the HCV NS5A related molecular mechanism
in interferon resistance. Interestingly, almost in the same
time, Lan also reported the similar result that HCV NS5A
protein inhibited IFN-induced STAT1 phosphorylation
and nuclear translocation in three heptocyte-derived cell
lines, and found HCV NS5A protein could interact with
the N-terminal of STAT1, which would be the molecular
mechanism by which HCV NS5A inhibits STAT1
phosphorylation[25]. They used full-length HCV and HCV
subgenomic constructs to transiently transfect Huh-T7
cells. HCV NS5A protein may be affected by other HCV
proteins such as NS5B[26]. Ours and other’s results suggested
that HCV NS5A protein may inhibit IFN-induced STAT1
phosphorylation and the subsequent nuclear import. One
of the mechanisms might be the binding of HCV NS5A
and STAT1.
JAK-STAT and MAPK pathway “cross-talk” with

p-STAT1 (Tyr701)

Actin

A

B

C

Figure 5 Phosphorylated STAT1 from IFN induced Huh7 cells (FITC, × 400): A:
PCNS5A-transfected; B: PRC/CMV-transfected; C: Non-transfected.

each other. Serine phosphorylation can modulate tyrosine
phosphorylation, activation and DNA-binding activity
of STATs while in the MAPK pathway, activated ERK
phosphorylates the conserved Ser727 on STAT3 and the
serine phosphorylation enhances tyrosine phosphorylation
on Tyr701[20-22]. Can HCV NS5A interact with the MAPK
pathway and indirectly depress STAT1 phosphorylation
in the JAK-STAT pathway? Can HCV NS5A disturb the
function of importin α 5? These questions need to be
addressed in future studies.
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Abstract
AIM: To identify the factors associated with virologic
breakthrough and to select a subgroup of patients who
respond well to lamivudine without developing virologic
breakthrough (VBT).
METHODS: Of 79 patients who had received lamivudine
therapy for 9-57 mo, 34 were HBeAg-positive and
45 were HBeAg-negative, 24 developed virologic
breakthrough and 55 did not. Clinical and virologic
factors were compared between the two groups.
RESULTS: The median duration of therapy was 25 (9-57)
mo. Virologic breakthrough was defined as a > 1 log HBV
DNA increase following initial suppression. When several
factors, including gender, duration of infection, baseline
HBV DNA, and baseline ALT in HBeAg-positive chronic
hepatitis patients were analyzed by logistic regression,
the most important predictor of virologic breakthrough
2
was the baseline HBV DNA (r = 0.12, P < 0.05). When
HBeAg-postitive chronic hepatitis patients were divided
into two groups by a point of 6.6 log HBV DNA, the
incidence of virologic breakthough between two groups
was significantly different.
CONCLUSION: Lamivudine may remain an effective
first line therapy for those HBeAg-positive patients with a
baseline HBV DNA < 6.6 log10 copies/mL.
© 2007 WJG . All rights reserved.

Key words: Hepatitis B; Lamivudine; Virologic

breakthrough; HBV DNA
Chae HB, Hann HW. Baseline HBV DNA level is the most
important factor associated with virologic breakthrough
in chronic hepatitis B treated with lamivudine. World J
Gastroenterol 2007; 13(30): 4085-4090

http://www.wjgnet.com/1007-9327/13/4085.asp

INTRODUCTION
A high incidence of virologic breakthrough (VBT) that
results from viral resistance is a major disadvantage of
lamivudine (LAM) treatment for patients with chronic
hepatitis B (CHB). Data from a study of 592 patients who
had undergone four years of LAM treatment indicated
that resistance increased from 23% in year 1 to 71% in
year 4[1,2]. The clinical consequences of viral resistance
can be severe, but early studies suggest that median
HBV DNA and ALT levels continue to improve even as
resistance develops[3]. LAM is known to have long-term
therapeutic effects, with well-known resistance and side
effects. LAM therapy for CHB patients with advanced
fibrosis significantly reduced the incidence of hepatic
decompensation and hepatocellular carcinoma (HCC)[4].
In addition, it is becoming increasingly clear that CHB
management requires a long-term therapy, thus making the
cost of treatment an important consideration. The need
for long-term therapy and the consequent financial burden
become significant in the economically disadvantaged
regions of the world which also happen to be the hyperendemic areas for HBV. Furthermore, this cost issue
presents a serious economic burden for CHB patients
who immigrated to the US from the hyper-endemic
regions. One study suggested that upfront LAM therapy
may be highly cost-effective, assuming that patients who
develop resistance begin a regimen of adefovir instead of
continuing LAM treatment[5]. Our study sought to identify
the factors associated with VBT in patients on LAM
therapy and attempted to select a subgroup of patients
who may respond well to LAM without developing VBT.

MATERIALS AND METHODS
Patients
We reviewed the medical records of 208 CHB patients
who were treated at the Liver Disease Prevention Center,
www.wjgnet.com
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Division of Gastroenterolgoy and Hepatology at Thomas
Jefferson University Hospital, Philadelphia from January
2000 to December 2004. Ninety-seven patients were
excluded because they were treated with other anti-viral
agents (excluding interferon) prior to their first visits. Five
were excluded due to co-infection with Hepatitis C virus.
We selected individuals from the remaining 106 patients
who had been on LAM therapy for at least 9 mo (which
excluded 14 patients) and whose pre-treatment HBV
DNA was greater than 3 log10 copies/mL (which excluded
5 patients). Baseline HBeAg status was not available for
four patients. Four patients who had suboptimal responses
during the entire treatment period were also excluded from
the final analysis because of uncertainty of classifying
these patients into either the breakthrough or the nonbreakthrough group. In the end, clinical and laboratory
data from a total of 79 patients were reviewed.
Inclusion and exclusion criteria
The inclusion criteria consisted of the following two
conditions: (1) Patients had received LAM therapy for at
least 9 mo; and (2) they had a baseline HBV DNA level
≥ 3 log10 copies/mL. Patients were excluded if they had
previously received anti-HBV therapy (with the exception
of interferon therapy), or if they had hepatitis C virus or
hepatitis D virus co-infection.
HBsAg, HBeAg, anti-HBe, and HBV DNA quantification
All patients had been positive for hepatitis B surface
antigen (HBsAg) for more than 6 mo. HBeAg/anti-HBe
and anti-HDV were determined using ELISA (Abbott
Laboratories, Chicago, IL), and anti-HCV antibodies were
assayed using a third-generation enzyme immunoassay
(Abbott Laboratories, North Chicago, IL). Between
2000 and 2002, a solution hybridization assay (Abbott
Laboratories, North Chicago, IL) with a lower limit of
detection (LLOD) of 1.6 pg/mL was used to measure
HBV DNA levels. These values were converted to copies/
mL by determining 283 000 copies/mL per 1 pg/mL of
HBV DNA. From 2003 until the present, HBV DNA was
measured by RT-PCR (Quest Diagnostics, Horsham, PA)
with a lower limit of detection of 500 copies/mL. Serial
dilutions were performed for samples exceeding 5.3 log10
copies/mL. Values below this cutoff were assigned a value
of 1 log10 copies/mL.
Definitions
The initial virologic response was defined as HBV DNA
that was less than 4 log10 copies/mL after 6 mo on therapy,
and viral suppression was defined as the difference
between the level of HBV DNA at baseline and after 6 mo
of treatment. Maximal virologic suppression was defined
as the difference in HBV DNA levels between baseline
and nadir. VBT was defined as > 1 log10 copies increase
in HBV DNA from nadir on two consecutive occasions
after an initial virologic response or HBV DNA could be
detected again after the previous report of “under the
detection limit”. Suboptimal responders were defined as
patients whose initial virologic response was less than 2 log
during the entire period of treatment.
www.wjgnet.com
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Determination of HBV genotype, antiviral resistance,
precore mutant, and core promotor mutant
HBV DNA was extracted using the QIAamp DNA
Blood Mini Kit (Qiagen, Valencia, CA) according to the
manufacturer’s instructions. The presence of HBV DNA
polymerase gene mutations was determined using the
InnoLiPA DR2 line probe assay (InnoGenetics, Ghent,
Belgium) according to the manufacturer’s instructions. Line
probe results were confirmed by bi-directional automated
sequencing at the DNA sequencing core facility (Thomas
Jefferson University’s nucleic acid facility, Philadelphia, PA)
using the standard protocol for the Applied Biosystems
DNA Sequencer 377 (Perkin Elmer Corp., Foster City,
CA). This amplicon covers domains A, B, C, D, and E of
the reverse transcriptase region of the HBV polymerase.
The PCR protocol and primers for the surface/polymerase
gene and core promotor/precore region used in this study
were described previously[6].
Statistical analysis
Statistical testing was performed using SPSS version 13.0
(SPSS Inc., Chicago IL). Results were expressed as mean
± SD or median (minimum-maximum). HBV DNA levels
were logarithmically transformed for analysis. Continuous
variables were compared using the two-tailed student’s
t-test, and categorical data were compared using the twotailed χ2 test. Factors associated with an initial virologic
response and LAM resistance were analyzed by univariate
analysis. Clinical, biochemical and virologic factors that
could influence LAM resistance, including gender, route
of infection, baseline ALT level, baseline HBV DNA level,
were analyzed by binary logistic regression. The cumulative
probability of lamivudine resistance was estimated by
Kaplan-Meier analysis. P < 0.05 was considered statistically
significant.

RESULTS
Baseline characteristics of patients prior to beginning
lamivudine treatment
Seventy-nine patients (54 males) met eligibility criteria.
All were Asian Americans, with a mean age of 47 ± 12
years. Thirty-seven (45%) had been infected at birth by
vertical transmission from their mothers. Twenty-four
patients (30%) had liver cirrhosis and two (2%) had liver
cancer prior to starting LAM therapy. The mean duration
of therapy was 26 ± 10 mo. At baseline, the ALT was 66
(11-3395) IU/L and the mean log HBV DNA level was
6.0 ± 1.6. The baseline HBV DNA level in the 34 HBeAgpositive patients was 6.6 ± 1.5, and the baseline DNA
level in the 45 HBeAg-negative patients was 5.6 ± 1.5
log10 copies/mL. Treatment was initiated if HBV DNA
levels were ≥ 3 log10 copies/mL. Eighteen patients had
HBV DNA levels between 3 and 5 log10 copies/mL. Based
on earlier observations of 317 CHB patients[7], normal
pre-therapy ALT was not considered a contraindication
for beginning antiviral therapy in certain patients. These
included patients who had normal ALT levels, high viral
DNA, and a strong family history of HCC or patients
who had had previous ALT spikes but whose ALT levels

Chae HB et al . Baseline HBV DNA and virologic breakthrough

Table 1 Baseline characteristics of patients (mean ± SD)

Age (yr)
Female (%)
Family history of CHB (%)
ALT (IU/L)
Total bilirubin (mg/dL)
Albumin (g/dL)
(INR)
Cirrhosis (%)
HBeAg-positive (%)
HBV DNA log10
copies/mLa
Mean duration of
lamivudine treatment (mo)
3 log < HBV DNA < 5 log (%)
HBV DNA ≥ 5 log (%)

All patients Breakthrough Non-breakthrough
(n = 79) (n = 24)
(n = 55)
47 ± 12
47 ± 13
47 ± 11
32
29
33
47
46
55
149 ± 44
98 ± 20
171 ± 63
1.1 ± 1.1
1.3 ± 1.4
1.0 ± 0.9
4.4 ± 0.4
4.2 ± 0.5
4.3 ± 0.4
1.07 ± 0.12 1.09 ± 0.15
1.06 ± 0.08
30
36
24
43
56
36
6.0 ± 1.6
6.6 ± 1.5
5.7 ± 1.5
26 ± 10

29 ± 11

25 ± 10

19
60

3
21

16
39

a

P < 0.05 breakthrough vs non-breakthrough group INR: International
normalized ratio..

were normal at the beginning of the study. All baseline
characteristics except HBV DNA level were similar
between the VBT and non-VBT groups. Only ALT level
was shown as mean ± SE (Table 1).
Response to lamivudine treatment
In HBeAg-positive patients (n = 34), the mean log reduction
(copies/mL) in HBV DNA from baseline was 4.6 ± 1.4, 3.7
± 2.4 and 2.7 ± 3.0 at 6 mo, 12 mo and 24 mo, respectively.
The less reduction in two years may be due to VBT in
some patients. As shown in Table 2, initial viral suppression
was 4.2 ± 2.0 and 4.3 ± 1.5 in VBT and non-VBT groups,
respectively. The maximal viral suppression was 4.8 ± 1.7
and 4.6 ± 1.2 in VBT and non-VBT groups, respectively.
Eighty percent of patients showed an initial anti-viral
response at 6 mo post-treatment. HBeAg loss rate was 18,
26, and 29% at 1, 2, and 3 years, respectively. Excluding
individuals with normal or absent ALT levels at baseline,
ALT normalization was observed in 90% and 96% of
patients after 6 mo and 12 mo, respectively. The mean time
for VBT detection was 21 (9-36) mo. There was no viral or
biochemical variable with a significant difference between
VBT and non-VBT groups.
In HBeAg-negative patients (n = 45), the mean log
reduction (copies/mL) in HBV DNA from baseline was
3.2 ± 2.0 at 6 mo, 4.2 ± 1.9 at one year, and 3.1 ± 3.0 at
two years. Initial viral suppression was 2.8 ± 2.5 and 3.4
± 1.9 in VBT and non-VBT groups, respectively. Maximal
suppression was 4.3 ± 1.7 and 4.3 ± 1.6 in VBT and nonVBT groups, respectively. Eighty-one percent of patients
showed an initial antiviral response at 6 mo post-treatment.
Excluding individuals with normal or absent ALT levels
at baseline, ALT normalization was observed in 84% and
82% of patients after 6 mo and 12 mo, respectively. The
mean time for VBT detection was 22 (9-36) mo. Also,
there was no viral or biochemical variable with a significant
difference between VBT and non-VBT groups.
HBV genotype, precore mutant, and core promotor mutant
HBV DNA sequences were examined in nine patients’ sera
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that were collected at the time of baseline and VBT. Six
patients without VBT were also examined as controls. The
samples from 15 patients were investigated for genotype,
precore mutant, and core promoter mutant. As shown in
Table 3, YMDD mutants were observed in six of the nine
individuals in the VBT group and none were observed in
the non-VBT group (67% vs 0%, P < 0.01). All patients
had HBV genotype C. The frequency of precore and core
promotor variants did not differ significantly between VBT
and non-VBT groups.
Patient 6 in the VBT group had a precore mutation in
the 1896 position and was HBeAg-positive (Table 3). Patients 3 and 8 also had smaller A peaks than G peaks at the
1896 position, but were classified as wild-type (Table 3).
VBT relative to baseline HBV DNA levels
When all factors, including gender, duration of infection,
baseline HBV DNA, HBV DNA at the 6 th month of
treatment, and baseline ALT in HBeAg-positive CHB
patients were analyzed by logistic regression, the most
important factor associated with VBT was only baseline
HBV DNA level (r2 = 0.12, P < 0.05) .
When HBeAg-positive CHB patients were divided into
two groups by the point of 6.6 log HBV DNA level: one
group > 6.6 log HBV DNA; and other group ≤ 6.6 log
HBV DNA, there was a significant difference between two
groups in terms of VBT rate (P < 0.05). We also compared
the cumulative VBT rate between these two groups
according to the treatment duration with Kaplan-Meier
analysis. The VBT percentage in HBeAg-positive hepatitis
patients with HBV DNA levels ≤ 6.6 log10 (n = 15) was
6.7%, 18%, and 39% at 1, 2, and 3 years, respectively, while
that in patients with HBV DNA levels > 6.6 log10 (n = 17)
was 19%, 45%, and 88% at 1, 2, and 3 years, respectively
(P = 0.061) (Figure 1).
The next important factor associated with VBT was
HBV DNA at the 6th month of treatment, but it did not
show a significant correlation with VBT. In HBeAgnegative patients, no relationship between the VBT rate
and HBV DNA level was observed.

DISCUSSION
Our study demonstrated that patients with lower HBV
DNA levels had less VBT with LAM therapy. Other
predictors of LAM-resistant mutations include male
gender, Asian ethnicity, higher baseline HBV DNA, longer
duration of lamivudine treatment, and higher BMI[2]. Our
study clearly showed that the baseline HBV DNA level is
the most significant predictor. However, it is true that the
number of study subjects was relatively small (n = 79) and
the median duration of follow-up was about 40 mo.
But, the findings of our study are contradictory to
the observation of the Taiwanese study[8]. They reported
that HBeAg status, HBV DNA, ALT levels and treatment
duration were the major determinants for the YMDD
mutation during lamivudine therapy. The most important
difference between two studies is what they observed. We
observed VBT, but they observed the genotypic resistance.
Besides, there were several differences between two
studies, such as study designs and the test for HBV DNA.
www.wjgnet.com
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Table 2 Response to lamivudine before breakthrough (mean ± SD)
HBeAg-positive hepatitis (n = 34)

Max suppression (log10 copies/mL)
Initial suppression (log10 copies/mL)
Patients with IVR (%)
Patients at 6 mo biochemical response (%)
Patients at 12 mo biochemical response (%)
Time to first detection of BT

HbeAg-negative hepatitis (n = 45)

All patients
(n = 34)

BT
(n = 14)

No BT
(n = 20)

All patients
(n = 45)

BT
(n = 10)

No BT
(n = 35)

4.7 ± 1.4
4.2 ± 1.7
80
90
96
-

4.8 ± 1.7
4.2 ± 2.0
75
82
100
26 ± 10

4.6 ± 1.2
4.3 ± 1.5
83
94
93
-

4.3 ± 1.6
3.3 ± 2.1
81
84
82
-

4.3 ± 1.7
2.8 ± 2.5
67
86
80
32 ± 12

4.3 ± 1.6
3.4 ± 1.9
85
83
82
-

BT: Breakthrough; Max suppression: Maximal virologic suppression; Initial suppression: Initial virologic suppression; IVR: Initial virologic response at 6 mo;
Biochemical response: ALT normalization.

Table 3 HBV genotypes, variants, and lamivudine-resistant mutants
Patients with VBT

During BT

Patient

Sex

BT

Genotype

Month after LAM

ALT

HBeAg

1
2
3
4
5
6
7
8
9

F
M
F
M
M
F
M
F
F

+
+
+
+
+
+
+
+
+

C
C
C
C
C
C
C
C
C

19
18
12
18
36
21
27
21
30

90
29
12
44
NA
42
24
NA
108

+
+
+
+
+
+
+

Patients without VBT

HBV DNA
log10 copies/mL
5.4
3
6.8
8.3
5.2
5.7
6.6
6.7
6.7

PC
Wild
Stop
Wild
Wild
Wild
Wild
Stop
Wild
Wild

CP A1763T
G1765A
TA
TA
AG
TA
TA
AG
TA
AG
TA

L180M

M204I/V

M
L
L
M
M
L
M
L
M

I/V
I/V
M
I/V
I/V
M
I/V
M
I/V

CP A1763T
G1765A
TA
TA
UD
TA
UD
TA

L180M

M204I/V

L
L
L
L
L
UD

M
M
M
M
M
UD

End of follow-up

Patient

Sex

BT

Genotype

Month after LAM

ALT

HBeAg

1
2
3
4
5
6

M
M
M
M
M
M

-

C
C
C
C
C
C

9
30
32
27
36
24

28
NA
12
NA
42
24

+
+
+
+

HBV DNA
log10 copies/mL
4.6
5.4
1
1
1
1

PC
Wild
Wild
UD
Wild
UD
Wild

PC: Precore mutants; CP: Core promotor mutants; SR: Suboptimal response; NA: Not available; UD: Undetectable; LAM: Lamivudine; BT: Breakthrough; VBT:
Virologic breakthrough.

When the study criteria were set up, AGA (���������
American
Gastroenterology Association�������������������������������
) expert panel recommendations
were followed; HBeAg-positive patients were individuals with
HBV DNA > 5 log10 copies/mL, while HBeAg-negative
patients were individuals with HBV DNA > 4 log10 copies/
mL. In this study, a lower HBV DNA cutoff, above 3 log,
was used for starting antiviral treatment. Although we did
not know the recent Taiwanese data when we started to treat
our patients, but it shows that higher baseline serum DNA
levels are associated with increased risk of HCC and liver
cirrhosis independent of serum ALT level[9]. The AGA panel
specifies that ALT levels should be abnormal, but this is not
always helpful in determining who should be treated[10]. ALT
levels do not serve as a good indicator of liver cirrhosis.
In addition, revision of the normal limits for ALT levels
was recommended in patients with chronic HCV infection
or nonalcoholic fatty liver disease (NAFLD) since current
standards for normal were defined using the populations
that included individuals with subclinical disease[11,12]. Some
patients experienced disease progression during follow-up
because they had normal ALT levels and were not treated
www.wjgnet.com

earlier. Thus, early antiviral treatment may be beneficial to
reduce HBV DNA levels, HCC risk, and the frequency of
liver transplantations[13]. LAM can reduce serum HBV DNA
levels and normalize ALT level in cirrhotic patients[14,15].
As shown in Table 1, we noted that HBeAg-negative
CHB have lesser LAM resistance than HBeAg-positive
CHB, which is in agreement with previous studies[16,17].
We conducted genotypic resistance analysis on 15 patients who had serum samples harvested upon viral breakthrough or at the end of follow-up. Genotypic resistance
occurred only in the VBT group and was not observed in
the non-VBT group. However, three patients in the VBT
group, and five in the non-VBT group had the wild-type.
The most plausible explanation for the disparity between
phenotypic and genotypic resistance is medication noncompliance. Possible solutions for this problem, like pill
counts and nurse monitoring, were beyond the scope of
our study. A blip in viral numbers is another potential explanation for the presence of wild-type virus in the VBT
patients. The InnoLiPa assay could be used to define the
mixed strains in six patients from the VBT group. When
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HBV DNA ≤ 6.6 log and limited financial means, we
conclude that LAM remains an affordable and effective
therapy.

1.0 Upper curve: HBV DNA > 6.6 log c/mL
Cumulative probability of virologic BT
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Lower curve: HBV DNA ≤ 6.6 log c/mL
+: Censored data
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Figure 1 Cumulative probability of breakthrough. The cumulative rate of
breakthrough tended to differ between HBV DNA > 6.6 log and HBV DNA ≤
6.6 log group (P = 0.06). The cumulative rate was 88% and 39% after 3 years
of lamivudine treatment in HBV DNA > 6.6 log and HBV DNA ≤ 6.6 log group,
respectively.

we found the viral breakthrough in 25 patients, we recommended several options such as adefovir monotherapy,
adefovir overlapped with lamivudine, and tenofovir monotherapy to our patients.
Two patients of suboptimal responders had YMDD
mutants. They did not show VBT during treatment period.
But we might have missed VBT in these patients because
the test for HBV DNA had not been tested at the right
time, or YMDD mutants may have existed even before
LAM monotherapy[18].
The experimental results from both direct sequencing
and InnoLipa DR2 line probe assay were consistent in all
patients.
The monthly U.S. wholesale prices for hepatitis B
treatment are $158 for lamivudine (100 mg/d), $528
for adefovir (10 mg/d), $715 for entecavir (0.5 mg/d),
$1429 for entecavir salvage therapy (1 mg/d), and $1540
for peginterferon alpha-2a (180 µg/wk). Thus, the most
cost-effective regimen across most healthcare settings,
independent of HBeAg status, is LAM monotherapy,
and adefovir salvage therapy for individuals with LAM
resistance[4].
Our study was limited by the small patient sample
size as well as potential referral bias. We were unable to
conduct genotypic resistance analysis for all subjects since
serum samples were not always available.
We observed the correlation between the occurrence
of VBT and initial HBV DNA level. We suggest that 6.6
log10 in HBeAg-positive CHB patients can be a criterion
for long-term LAM monotherapy and the patients with
baseline HBV DNA level ≤ 6.6 log may derive the most
benefit from LAM monotherapy because of low incidence
of VBT. For individuals with CHB, who have a baseline

Dr. Hann is on the speaker’s bureau for Gilead, BristolMyers Squibb and GlaxoSmithKline, and has received
research support from all three companies The authors
are grateful to Dr. Scott Fung at the University of
Toronto for his valuable advice in preparing the
manuscript, Ms. Munira Hussain at the University of
Michigan for providing invaluable information about
primers and the PCR protocol, and Dr. Mark Feitelson for
providing the laboratory facility to conduct the molecular
biology.
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Abstract
AIM: To investigate if differences exist for patients’
gastroesophageal reflux as measured by the Bravo
ambulatory esophageal pH system between d 1 and d 2.
METHODS: A retrospective study of 27 consecutive
adult patients who underwent Bravo esophageal pH
monitoring was performed. Patients underwent EGD
under Ⅳ conscious sedation prior to Bravo placement.
Acid reflux variables and symptom scores for d 1 were
compared to d 2.
RESULTS: The mean doses of fentanyl and midazolam
were 90.4 µg and 7.2 mg, respectively. D 1 results
were significantly more elevated than d 2 with respect
to total time pH < 4, upright position reflux, and mean
number of long refluxes. No statistical difference was
noted between the two days for supine position reflux,
number of refluxes, duration of longest reflux, episodes
of heartburn, and symptom score.
CONCLUSION: Patients undergoing Bravo esophageal
pH monitoring in association with EGD and moderate
conscious sedation experience significantly more acid
reflux on d 1 compared to d 2. The Ⅳ sedation may be
responsible for the increased reflux on d 1. Performed
this way, 48-h Bravo results may not be entirely
representative of the patients’ true GE reflux profile.
© 2007 WJG . All rights reserved.

Key words: Esophageal pH monitoring; Bravo; Gastroesophageal reflux disease; Reflux; pH testing
Bechtold ML, Holly JSL, Thaler K, Marshall JB. Bravo
(wireless) ambulatory esophageal pH monitoring: How do
day 1 and day 2 results compare? World J Gastroenterol

2007; 13(30): 4091-4095

http://www.wjgnet.com/1007-9327/13/4091.asp

INTRODUCTION
Ambulatory esophageal pH monitoring has for many years
been a widely available method for quantifying esophageal
acid exposure in patients with suspected gastroesophageal
reflux disease (GERD)[1-3]. Until recently, the only way to
perform ambulatory esophageal pH monitoring has been
by the transnasal placement of a pH catheter probe, left in
place for 24 h. Indications have included evaluation prior
to anti-reflux surgery, refractory symptoms despite proton
pump inhibitor (PPI) therapy, recurrent GERD symptoms
following anti-reflux surgery, and continuation of atypical
or extra-esophageal symptoms of GERD despite empirical
therapy with a PPI.
At best, ambulatory pH monitoring with a catheter
pH probe is moderately uncomfortable to patients,
and there are some patients who are unable to tolerate
the catheter altogether. Performance in adults has also
traditionally required that esophageal manometry first be
performed to localize the position of the lower esophageal
sphincter relative to the nares. In addition, patients with
nasally passed pH catheters often restrict their activities
and diet, which has the potential to underestimate the
amount of reflux they might have under more normal
circumstances[2,4]. These various limitations of catheterbased ambulatory pH monitoring were major factors
that led to the development of the Bravo pH monitoring
system (Medtronic, Shoreview, MN), a catheter-less system
that employs a radiotelemetry pH-sensing capsule clipped
to the esophageal wall, which transmits pH data to a
recorder worn by the patient. The Bravo delivery system
was designed for either oral or nasal passage[5], though
the capsule size may make transnasal passage difficult
for some patients [6]. Compared to catheter-based pH
monitoring, Bravo esophageal pH monitoring is better
tolerated by patients and permits increased duration of pH
recording[6-9].
Some of the technical details of Bravo pH capsule
placement have not been standardized. For instance, the
Bravo capsule may be clipped to the esophagus at the
time that a patient undergoes diagnostic EGD utilizing
conscious sedation. Alternatively, placement may be done
on a different day, potentially without sedation, provided
that the distance from the incisors (or the nares) to the GE
www.wjgnet.com
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junction is known based on measurements from previous
esophageal manometry or endoscopy.
Most studies have examined Bravo esophageal pH
results over an entire 48-h period without mentioning
or giving specific d 1 and d 2 results. The few studies
examining differences in d 1 and d 2 have varied results.
Since patients in our practice undergo concomitant EGD
under moderate sedation, we wondered if this sedation
could potentially affect the d 1 results, possibly increasing
gastroesophageal reflux on d 1. Our study compared d 1
with d 2 Bravo esophageal pH results.

MATERIALS AND METHODS
We conducted a retrospective study of 27 consecutive
patients age 15 years and older at the University of
Missouri Hospital and Clinics who underwent 48-h Bravo
ambulatory esophageal pH monitoring for suspected
GERD off of any anti-reflux medications. The study was
approved by the Institutional Review Board of our
institution. All patients had stopped any proton pump
inhibitors and H2-receptor antagonists seven days before
placement of their Bravo pH capsules.
All patients in our study underwent EGD under Ⅳ
conscious sedation with fentanyl and midazolam on
the same day just prior to Bravo pH capsule placement.
Four different endoscopists did the EGDs and Bravo
placements. The amount of sedation given patients was
at the discretion of the endoscopist. The Bravo capsule
was placed 6 cm above the gastroesophageal junction in
standard fashion[5,10]. We utilized vacuum suction applied at
> 510 mmHg for 30 s prior to clipping the Bravo capsule.
Immediately after deployment, direct visualization of
the attached capsule was performed with the endoscope
to confirm proper placement. Patients were instructed
to wear the Bravo data recorder around their waist or
to be within five feet of it at all times during the 48-h
recording period. After recovery from their conscious
sedation and discharge from our GI laboratory, patients
were encouraged to resume their normal daily activities
and usual diets. Patients were instructed to keep a diary
to document when they ate, periods of sleep, and the
occurrence of symptoms. They were also told to press a
button on the data recorder when they perceived GERDrelated symptoms.
After 48 h, patients returned to the GI laboratory,
where they turned in their receivers and diaries. The
data contained in the receiver was then downloaded to a
computer, analyzed by Medtronic software, which then
generated a summary report, which was reviewed and
interpreted by one gastroenterologist (JBM). The computer
analysis gave the percent of total time pH < 4, percent of
upright time pH < 4, percent of supine time pH < 4, total
number of reflux episodes, number of reflux episodes
5 min or longer, and the duration of the longest reflux
episode for the entire 48-h recording period for d 1 and d
2 separately. A symptom score was calculated by dividing
episodes of heartburn (or other reflux symptoms) which
correlated with pH < 4 by the total number of heartburn
episodes (or other reflux symptoms), and compared
between d 1 and d 2.
www.wjgnet.com
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Statistical analysis
Age of patients and doses of sedative medications were
reported as mean ± SD. The reflux data collected from d 1
were statistically compared to d 2 to examine for significant
differences. Differences were calculated for each variable
comparing d 1 minus d 2. By this method, a positive value
for the difference indicated that the value for d 1 was
higher than the value for d 2. Since some of the measured
variables were not normally distributed, the nonparametric
Wilcoxon Signed Rank test was used to test the null
hypothesis of no difference in the responses for the two
days. In view of the large number of tests conducted,
results were considered significant only for P values < 0.01.
Ninety-five percent confidence interval estimates of the
median difference between days were calculated. Analyses
were done using the statistical software SAS (SAS Institute
Inc., Cary, NC, USA).

RESULTS
Twenty-seven consecutive patients met entry criteria into
the study (i.e. Bravo pH study done for suspected GERD
with the study done off of anti-reflux medications). One
patient was excluded after data analysis showed that their
Bravo capsule had dislodged from the esophagus right
after it had been placed. That left 26 patients for analysis
as part of the study. This included six males (23%) and
twenty females (77%), with a mean age of 47.6 ± 12.2
(range 15 to 67) years. Only three of the patients were less
than 35 years of age (ages 15, 24 and 29 years). Five of the
patients had a prior Nissen fundoplication, and one had a
prior gastroplasty. The mean doses of sedative medications
used in the patients were 90.4 ± 24.6 µg of fentanyl and
7.2 ± 2.8 mg of midazolam.
Table 1 shows the d 1 and d 2 results. Of the ten
variables examined, significant differences (P < 0.01) were
seen in three. More reflux was seen on d 1 as compared to
d 2 as regards percent of total time pH <4 (P = 0.0049),
percent of upright time pH < 4 (P = 0.0051), and the
number of long reflux episodes (P = 0.0077). There were
trends to more reflux on d 1 compared to d 2 in terms of
the mean number of reflux episodes per day and the mean
duration of long reflux episodes, but these differences
were not statistically significant. There were no differences
between d 1 and d 2 in terms of percent of supine time
pH < 4, number of heartburn episodes, and symptom
scores. Figure 1, Figure 2, Figure����������������������
3���������������������
plot the d 1 and d
2 values for the three variables that showed statistical
differences.

DISCUSSION
Since its introduction in 1974, ambulatory esophageal pH
monitoring has helped to advance our knowledge regarding
GERD, and has become an important tool in its diagnosis
and management[1,11]. Until recently, the performance of
the test has required the transnasal placement of a pH
catheter probe, left in place for 24 h. In addition to being
an uncomfortable test, patients commonly restrict their
activities and diet, which has the potential to underestimate
the amount of reflux that might occur under more typical
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Table 1 Bravo data analysis using mean differences for d 1-d 2
and medians with 95% confidence intervals
Variable
Total time pH < 4 (%)
Total time pH < 4-Upright (%)
Total time pH < 4-Supine (%)
Mean number of reflux episodes (n)
Mean number of long refluxes (n)
Mean duration of long refluxes (min)
Total heartburn episodes (n)
Heartburn episodes with pH < 4 (n)
Symptom score

d1
(mean)
10.4
11.7
9.4
65.3
6.8
26.5
6.2
2.5
0.323

d2
(mean)
7.1
6.3
10.0
55.6
3.8
19.7
8.0
2.9
0.254

45

P -Value 95% CI
0.0049
0.0051
0.8596
0.0257
0.0077
0.0617
0.2752
0.686
0.1353

Fraction of upright time, pH < 4 (%)

50

40

0.8-8.0
1.6-7.9

35
0.0-6.0

30
25
Fraction
time
pH < 4
(%)

Fraction time, pH < 4 (%)

30

20
15
10
5

25

0

1

20
Fraction

Figure 2 Individual comparison of the fraction of total time of pH < 4 in upright
position between d 1 and d 2.
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Figure 1 Individual comparison of the fraction of total time of pH < 4 between d 1
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15

10

lifestyle circumstances .
The recently introduced Bravo pH system, which uses
a radiotelemetric capsule that is clipped to the esophageal
wall, has been shown to be better tolerated by patients
and to permit a more normal lifestyle during the study
period[6,8,9,11]. Acid reflux monitoring results with Bravo
should better reflect the real pattern of reflux in the dayto-day life of patients. The other potential major advantage
of Bravo technology is that it permits longer periods of
monitoring. While most Bravo studies currently are 48 h
in duration, some have reported monitoring periods for as
long as four days[12].
One of the most pressing issues relating to Bravo
esophageal pH testing is that normal values are much less
well established for this new technology as compared to
conventional catheter-based pH monitoring[11]. Another
relates to the lack of standardization as to whether the
tests are performed without sedation on a day separate
from endoscopic exams versus placing the pH capsule in
association with EGD.
In our own practice, we have placed the Bravo capsule
in association with the patient undergoing an EGD under
[2,4]

5

0

1

2

Day

Figure 3 Number of long refluxes comparison between d 1 and d 2.

moderate conscious sedation on the same day. Because
of concern that d 1 was therefore not typical of our
patients’ usual lifestyle, we decided to examine the amount
of gastroesophageal reflux that our patients experienced
on d 1 versus d 2. We hypothesized that patients might
have more reflux on d 1 because of the effects of the
endoscopy and sedation. Our findings confirmed this,
showing significantly more reflux on d 1 than d 2 in terms
of percent of total time pH < 4, percent of upright time
pH < 4, and the number of long reflux episodes. There
was no statistical difference in the supine time pH < 4,
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absolute number of reflux episodes per day, mean duration
of long reflux episodes, number of heartburn episodes,
and symptom scores. While we believe that the moderate
intravenous sedation we gave to our patients to be
responsible for the greater reflux on d 1, our study was not
designed to clarify the specific mechanism. Our patients
received a mean dose of 90 µg of fentany l and 7 mg of
midazolam. While we did see more upright reflux on d 1
compared to d 2, there was no difference in supine reflux
between the two days. A potential explanation for this
observation is that the effects of their sedation may just be
limited to the first 8 or 12 h after the endoscopy and Bravo
capsule placement. Consequently, the medication effects
may have worn completely off by the time the patient goes
to bed that first night.
While most studies employing Bravo technology have
reported overall 48-h pH results, some have compared d 1
with d 2. These latter studies have shown greatly varying
findings. Similar to our study, Bhat et al[13] found more
reflux on d 1 than d 2. Increased esophageal acid exposure
during first six hours after capsule attachment was believed
to have accounted for this finding. As in our series,
patients in their study underwent EGD under conscious
sedation just preceding Bravo placement, though they did
not report specific medication dosages.
Most of the studies which have commented on d 1
versus d 2 reflux have reported no consistent differences.
For instance, Prakash et al[7] said there were no differences
in reflux variables between d 1 and d 2, though they
did not report specific values. Patients in their study
underwent EGD under conscious sedation, employing
a variety of different medications, at the time of Bravo
placement, though specific medication doses were not
reported. Pandolfino et al[2] found no differences between
d 1 and d 2 in their patients who also underwent same-day
EGD with 50 to 75 mg of meperidine and 1 to 5 mg of
midazolam. Tseng et al[14] found no consistent differences
in their patient group who underwent same-day EGD with
fentanyl and midazolam, though sedation doses were not
given. Ahlawat et al[15] found no consistent differences in
their group of patients who underwent same-day EGD
under propofol.
Interestingly, one study found more reflux on d 2
than d 1[16]. Patients in this study did not undergo EGD
or receive sedation on the day of their Bravo placements.
Another study reported more reflux episodes on d 2
than d 1, but no consistent differences in other reflux
variables[8]. Patients in this latter study underwent EGD
on the day of Bravo placement, but no mention was given
as to whether patients received sedation or the dose of
sedative medications.
What should we make of the great variability that
different studies have found between d 1 reflux versus d 2
reflux? For one thing, it points out that we need more
study of the effects of the various protocols used to
place Bravo pH capsules, and how they impact the d 1,
d 2 and overall reflux results. It is entirely possible that
there will be different normal ranges for reflux depending
on whether the Bravo capsule is placed at the time of
EGD with sedation versus it being placed without sameday endoscopy and sedation. Perhaps more emphasis
www.wjgnet.com

August 14, 2007

Volume 13

Number 30

should be given to placing the Bravo without endoscopy
and sedation altogether. Alternatively, if endoscopy and
sedation are to be used, we could look into doing longer
studies, say 72 or 96-h studies, and then eliminating the d 1
data.
In conclusion, patients undergoing Bravo (wireless)
ambulatory esophageal pH monitoring in our study
showed increased acid reflux in the distal esophagus
on d 1 as compared to d 2. We believe that this was the
result of patients having undergone EGD with moderate
sedation just prior to Bravo placement. However, given
the variability as to what the literature reports in regards
to d 1 versus d 2 reflux results, we believe that much more
study of this phenomenon is needed as we apply the test
clinically. We also believe that better establishment of
normal results for Bravo pH monitoring is needed and will
need to reflect the placement protocol used.
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COMMENTS
Background

The recently introduced Bravo ambulatory esophageal pH system offers a
catheter-less method of monitoring gastroesophageal (GE) reflux over an
extended period and of correlating symptoms with acid reflux episodes. Limited
data is available comparing d 1 with d 2 results. However, since patients may be
sedated to clip the pH electrode to the esophagus, this sedation may potentially
affect the d 1 results, possibly increasing GE reflux on d 1. This study compared d
1 with d 2 results.

Research frontiers

The Bravo ambulatory esophageal pH system is a relatively new technology used
to analyze GERD. This new system allows for 48 h of monitoring and is more
comfortable to patients as compared to the 24 h transnasal pH catheter probe.
However, limited data has suggested the results of the Bravo system vary over the
two-day span. This study examines if a difference does exist in the patients’ reflux
profile from d 1 to d 2 and postulates potential contributing factors.

Innovations & breakthroughs

The Bravo ambulatory esophageal pH system is a catheter-less system which is
becoming more popular for the analysis of GERD.

Applications

This article demonstrates a significant difference in total time pH < 4, upright
position reflux, and mean number of long refluxes between d 1 and d 2. The most
likely contributing factor was the use of Ⅳ sedation prior to the attachment of
the pH probe. Future studies may be performed to compare the Bravo capsule
placement with and without prior Ⅳ sedation.

Peer review

This retrospective study explores the effect of conscious sedation, performed
before endoscopy and capsule placement, on 48-h Bravo pH findings. The Authors
observed higher values of total acid exposure, upright reflux and number of long
refluxes on d 1 vs d 2. Based on these retrospective data and on literature data,
these differences may result from conscious sedation. Rationale and objectives of
this study are very interesting, methods and presentation of data are reliable and
allow relevant scientific conclusions.
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Abstract
AIM: To study the efficacy of tenofovir disoproxil
fumarate (TDF) at low dose in a small open trial of
chronic hepatitis B patients with advanced stage disease.
METHODS: Eleven patients were treated with TDF
75 mg for a median period of 80 (range, 24-576) wk
and then 7 cases were shifted to an adefovir 10 mg
treatment group. All patients had been pre-treated with
lamivudine: 5 had YMDD resistant mutants and 6 wildtype virus. When TDF was started, 4 patients had lowlevel viremia and 6 were PCR-negative.
RESULTS: During TDF treatment, PCR remained
negative in 10 patients, transaminase levels were normal
and no significant viral breakthrough was observed. The
drug was well tolerated in all cases. When TDF 75 mg
was substituted with adefovir 10 mg, 3 out of 7 patients
had a persistent viral rebound (2700-130 000 copies/mL),
in whom lamivudine had to be reintroduced.
CONCLUSION: Low-dose TDF monotherapy can control
HBV viremia for an extended period of time without
the emergence of resistance and is more potent than
adefovir at the standard dosage. The use of a reduced
dose of TDF could diminish the cost of therapy in
low-income countries, but further studies in a larger
population and in HBeAg-positive subjects are needed.
© 2007 WJG. All rights reserved.
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INTRODUCTION
Tenofovir disoproxil fumarate (TDF) is a nucleotide
analogue approved for the treatment of HIV infection and
is structurally related to adefovir. TDF is also active against
hepatitis B virus (HBV) and is equipotent to adefovir
in vitro[1,2], but because of its lower nephrotoxicity, it can
be used at higher dosage (e.g. 300 mg/d) and is more
active than its parent compound against HBV in vivo[3-5].
TDF is equally effective against wild-type and lamivudineresistant HBV[6] in HIV-coinfected patients[7], and may in
the future replace adefovir in the therapy of hepatitis B. The
main concern with TDF is the lack of safety data on the
absence of nephrotoxicity of the 300 mg dose in long-term
treatment. Although registration and large retrospective
studies in HIV infection[8-10] have shown that the risk of
deterioration of renal function is less than 3% , this problem
could limit the use of TDF in decompensated cirrhotics
with borderline renal function. The dose of 300 mg was
chosen because these studies were conducted in coinfected
patients with a dosage active against HIV, but there are no
data on the susceptibility of HBV to lower TDF doses.
Adefovir per se was initially used at 60-120 mg/d in order to
achieve a significant HIV inhibition[11], a dosage well above
the 10 mg dose approved in the treatment of hepatitis
B. It is therefore feasible that TDF, like its parent drug
adefovir, could be used at lower dosage. Another potential
advantage of low-dose TDF would be the reduction of the
cost of therapy in low-income countries, where the death
toll of hepatitis B is worrisome. In consideration of this,
we decided to test the efficacy of low-dose TDF in a small
open trial of chronic HBeAg-negative hepatitis B patients
with advanced stage disease.

MATERIALS AND METHODS
Eleven patients with chronic HBeAg-negative hepatitis B
(7 males and 4 females; median age 63 years, range 40-77
years) were included in this study. The characteristics of
the patients are described in Table 1. Nine had biopsy-
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Table 2 Results of treatment with tenofovir disoproxil fumarate
(TDF) in the individual patients

Table 1 Baseline characteristics of the patients
Patient Sex Age
(yr)
1
F
77
M 40
2
3
4
5
6
7
8
9
10
11

M
F

63
68

Liver
biopsy
Cirrhosis
CAH
Ishak 9;2
Cirrhosis
Cirrhosis

M

55

Cirrhosis

F
M

58
68

Cirrhosis
Cirrhosis

M

57

M
M
F

65
58
75

CAH Ishak
7; 4
Cirrhosis
Cirrhosis
Cirrhosis

Complica
-tions
HCC

F2 esoph
varices

F2 esoph
varices

HBV DNA
1
(pg/mL )
8
2

LAM
(wk)
96
156

3

YMDD

Undetectable2 188
1600
44

M204V
M204I

Undetectable2 104

M204V,
L180M
WT
WT

450
64

88
76

162

116

WT

78
0.2
3.100

88
52
116

WT
WT
WT

HBV
DNA
(end of
TDF)
( cp/mL)
< 1000

144

< 1000

3 (YMDD) 1000-2000

56

< 1000

4 (YMDD) 1000-2000

80

< 10002

5 (YMDD) 1000-2000

60

< 1000

Basal
HBV
1
DNA
(cp/mL)

1 (YMDD) 1000-2000
6

2 (YMDD) 4.8 × 10

1

Basal HBV DNA (Digene Capture 2 Assay, sensitivity 0.2 pg/mL, equal
to 105 copies/mL) before starting lamivudine; 2Sample taken after ALT
flare; 3Duration of lamivudine treatment before starting tenofovir; esoph:
esophageal.

proven well compensated cirrhosis with preserved hepatic
function (Child-Pugh A) and two chronic active hepatitis
with mild-moderate fibrosis, but with frequent ALT flares
to more than 10 times normal value. Two patients had F2
oesophageal varices without previous episodes of bleeding
and were on primary prophylaxis with Nadolol. One patient
had a unifocal small hepatocellular carcinoma that was
treated with percutaneous alcohol injection, resulting in a
complete necrosis of the nodule. None of them had ascites,
although one was on diuretic treatment with Canrenoate 100
mg daily orally. There were no comorbidities and the body
mass index was under 30% in all cases. All 11 patients had
been pre-treated with lamivudine 100 mg daily for a median
duration of 96 (range 44-188) wk and 5 had developed
mutations in the YMDD motif. Four had a single mutation
(M204V in 2 cases and M204I in the other 2), one patient
had a double mutation (M204V and L180M). The presence
of YMDD resistance mutants was detected with the
Innolipa assay (Innolipa Line Probe Assay, Innogenetics). At
the time of emergence of resistance, 4 patients had normal
levels of alanine aminotransferase (ALT) and negative
serum branched HBV DNA (Versant HBV DNA 3.0 Bayer,
sensitivity < 2000 copies/mL), although viral DNA could
be detected by polymerase chain reaction (Innolipa Assay,
Innogenetics with a sensitivity lower than 1000 copies/mL).
One patient with a YMDD mutant had elevated ALT and
serum HBV DNA of 4.8 × 106 copies/mL. The remaining
6 patients did not develop YMDD mutants and were PCRnegative with normal ALT during the entire treatment
with lamivudine. They were shifted to TDF to prevent the
emergence of YMDD resistant mutants, because at the time
adefovir was not yet available to rescue the patients in case
of development of lamivudine resistance. In all patients,
lamivudine was withdrawn abruptly and substituted with
TDF 75 mg daily orally, with no washout period. Tenofovir
was given off label, with the consent of the patients,
and was continued for a period of 80 (range 24-144) wk.

Duration
of
treatment
with TDF
(wk)
96

Patient
(YMDD/
WT)

M204I
M204V

6 WT

< 1000

108

< 1000

7 WT
8 WT

< 1000
< 1000

76
88

< 1000
< 1000

9 WT

< 1000

116

< 1000

10 WT

< 1000

52

< 1000

11 WT

< 1000

24

< 1000

HBV DNA
Drug
substituted after
substitution
for TDF
of TDF
ADV

130.000 cp/mL
No viral
ADV
rebound
No viral
LAM
rebound
No viral
ADV + LAM
rebound
No viral
ADV
rebound
No viral
ADV
rebound
ADV
21 000 cp/mL
ADV
2700 cp/mL
No viral
ADV
rebound
LAM added No viral
to
TDF
rebound
No viral
LAM
rebound

1

At the end of lamivudine treatment and before starting TDF; 2After 8 mo of
TDF, HBVDNA was unchanged but YMDD disappeared. Lamivudine was
then added to TDF with prompt decrease of DNA below 1000 cp/mL.

When adefovir became available in the country, TDF was
substituted with the former in 7 cases, with lamivudine alone
or in combination with a nucleotide in the other 4 cases.

RESULTS
The results are shown in Table 2. Four of the 5 patients
with YMDD mutants, including the patient with high
viremia, became HBV DNA-negative by PCR assay after
8-24 wk of tenofovir treatment and remained negative
throughout the entire period of treatment. One patient,
who was HBV DNA-negative with the bDNA assay and
PCR-positive at baseline, did not become PCR-negative
during tenofovir treatment. After 32 wk of tenofovir
monotherapy, she cleared the YMDD mutant and the wildtype virus reappeared, lamivudine was then reinstituted in
addition to tenofovir, and subsequently she achieved PCR
negativity. The six patients without lamivudine resistance
were shifted to the tenofovir treatment group when their
serum HBV DNA was undetectable by PCR and remained
negative throughout the whole period of tenofovir
treatment, with the exception of a transient viral blip in
two cases at week 88 and 96 (5500 and 7500 copies/mL,
respectively). Transaminase levels remained normal in all
patients. The drug was well tolerated and no side effects
were reported, in particular serum creatinine remained
within normal limits in all cases. In 7 patients, tenofovir
was substituted with adefovir 10 mg/d and a viral rebound
was observed in 3 cases, one with previous lamivudine
resistance and 2 with wild-type virus. The viral rebound
was greater than 3 log in all the 3 cases and was controlled
only after the addition of lamivudine to adefovir with
www.wjgnet.com
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HBV DNA again undetectable by PCR. In an other 2
cases, lamivudine monotherapy was reinstituted after
stopping tenofovir and no viral rebound was observed,
but one patient died of hepatocellular carcinoma 96 wk
after the reinstitution of lamivudine. One patient is still on
tenofovir, but lamivudine was added after 52 wk to prevent
the emergence of resistance to tenofovir and the patient is
still PCR-negative at a follow-up of 100 wk.

DISCUSSION
In our small series of patients, a dose of TDF as low as 75
mg daily was able to suppress HBV viremia of both wildtype and lamivudine-resistant virus for a median period
of 80 wk. All the patients were cirrhotic and/or with
severe hepatitis and all achieved a good control of viremia,
becoming PCR-negative with the Innolipa test, which
has a sensitivity lower than 1000 copies/mL and in the
range of 200-400 copies/mL. However, of the 5 patients
with the YMDD resistant mutant, only one had a high
level viremia before starting TDF, while the other 4 had
low viremia (1000-2000 copies/mL). Also, the 6 patients
with wild-type virus were shifted to TDF when their PCR
was negative. Thus, the majority of patients had negative
or low level viremia at the start of TDF, and this can be
explained because they were all on lamivudine treatment at
the time of the shift. No washout period was allowed for
the fear of inducing a hepatitis flare in patients with severe
disease and cirrhosis. Without an off-treatment baseline
viremia, we could not demonstrate that low-dose TDF was
able to control HBV replication from the beginning, but
it is noteworthy that TDF maintained PCR negativity for
an extended period of time in 10 of 11 (90.9%) patients.
In these patients, we did not observe any persistent
viral rebound, with the exception of two transient lowlevel viral blips that disappeared spontaneously without
changing the TDF dose. This confirms the efficacy of
low-dose TDF in controlling HBV viremia and also the
high barrier to resistance of this drug, even at doses as low
as 75 mg.
To date there have been only 2 reports of TDFassociated mutations conferring resistance to the drug[1,12].
This low level of resistance could be related to the fact
that the great majority of the studies were on HIVpositive patients treated with other antiviral drugs, such
as lamivudine and emtricitabine, in addition to TDF.
Data on long-term TDF as monotherapy are scanty and
this is probably the first report of an extended period of
treatment with this drug at a dosage lower than 300 mg.
It is also likely that a 75 mg dose of TDF is more potent
than 10 mg of adefovir, and in fact 3 out of 7 patients
had a persistent viral rebound when shifted from TDF to
adefovir. This is in agreement with the findings of Van
Bommel and Berg[13] who observed a reactivation of viral
replication after replacement of TDF 300 mg with adefovir
10 mg. Despite being equipotent in vitro, adefovir is thus
much less potent in vivo than TDF and can not retain the
TDF response, whether it has been achieved with a 300
mg or with a 75 mg dose of TDF. This suggests that the
greater potency of TDF is not only related to a higher
dosage, but also to intrinsic differences in the antiviral
www.wjgnet.com
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effect of the two drugs, namely a different intracellular
phosphorylation of TDF compared to adefovir [14,15] ,
or a longer intracellular half-life of the phosphorylated
form[16]. We can, therefore, conclude from our data that
TDF at low dose can retain for a long period of time a full
suppression of HBV viremia induced by the previous use
of lamivudine.
This could have practical implications in two settings:
the treatment of advanced stage hepatitis B in lowincome countries and the treatment of cirrhotics with a
borderline renal function. In the latter case, a low-dose
nucleotide analogue could assure a good control of HBV
viremia, while preserving renal function. The possibility
of reducing the cost of therapy is also appealing for
low-income countries, where the price of the other
nucleos(t)ides, with the exception of lamivudine, would be
prohibitive. Reducing the dose of TDF from 300 to 75 mg
would bring the cost of one month of therapy down to
US$100, which is 30% less than lamivudine and one fifth
the cost of adefovir or entecavir. Even combining lowdose TDF and lamivudine, the monthly cost of therapy
would be less than half the cost of adefovir or entecavir
monotherapy.
Chronic hepatitis B virus affects more than 400 million
people worldwide, the majority of which are living in
low-income countries. Despite the fact that current HBV
therapy is too expensive for these countries, no specific
guidelines have been published for the developing world.
Lamivudine is cheap and its cost will be further reduced
when it will be available as a generic drug. Its use, however,
is hampered by the emergence of resistance [4], and a
report from Iran showed a good biochemical control in
only half of the patients after one year of treatment[17].
Cost-effectiveness analysis of alfa-interferon has shown
contradictory results for health care systems with tight
budgetary constraints [18,19] . Lamivudine or adefovir
monotherpay is not considered cost-effective [19], while
data are lacking on entecavir and telbivudine. Moreover,
alfa-interferon therapy has an additional cost of syringes
and a need of refrigerating the drug which may limit its
use in the developing world. Sequential treatment has
been proposed as a cost-effective strategy, but there are
disagreements on which drugs should be used in sequence.
Kanwal et al [19] proposed lamivudine as the first drug
with adefovir rescue for resistant cases, while Shepherd
et al[20] opted for alfa-interferon followed by lamivudine.
There is thus no consensus about the most cost-effective
and affordable therapeutic strategy for hepatitis B in the
developing world and the use of a potent drug like TDF at
a reasonable cost would be greatly helpful.
Our findings show that low-dose TDF can control
HBV viremia, but there are several limitations in this
study and further evaluation of low-dose TDF in a larger
population is needed. First, all the patients were HBeAgnegative and our results can not be generalized to HBeAgpositive patients, which are usually highly viremic. It is
worth considering, however, that HbeAg-negative disease
is on the rise in the developing world, especially in Asian
countries[21], and that a higher viremia could be controlled
by an initial period of full-dose TDF. Another limitation
of our study is that analysis of viral dynamics during
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TDF treatment has shown an important variability in
viral decline among the treated patients, even when using
a 300 mg dose[22]. It seems therefore likely that the use
of a low-dose in a larger sample may encounter a greater
variability of response than that found in our small series.
An additional problem is a practical one: TDF tablets are
very difficult to divide into four parts and may require a
crushing apparatus or good sight and technical skill by the
patient. Last but not least it should be considered that in
the developing world, HBV is often associated to HIV and
that a low-dose TDF could more easily induce resistance
to this drug and compromise first line therapy of HIV[23].
It would therefore be advisable to use low-dose TDF only
in advanced stage HBV disease when the prognosis of
the underlying liver disease prevails over HIV infection,
or alternatively to use TDF in association to low-cost
antiretroviral therapy according to the World Health
Organization Guidelines[24].
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Abstract
AIM: To compare the efficacy and safety of dexrabeprazole 10 mg versus rabeprazole 20 mg in the treatment
of gastroesophageal reflux disease (GERD).
METHODS: This was a randomized, double-blind
clinical study. Fifty patients with GERD were randomly
assigned to receive dexrabeprazole 10 mg or rabeprazole
20 mg once daily. Efficacy was assessed by evaluating
improvement in visual analog scale (VAS) scores of
heart-burn and regurgitation and safety was assessed
by recording incidence of any adverse drug reactions.
Laboratory investigations and upper gastro-intestinal
endoscopy was conducted at baseline and after 28 d of
therapy.
R E S U LT S : A t o t a l o f 5 0 p a t i e n t s (n = 2 5 i n
dexrabeprazole group and rabeprazole group each)
completed the study. There were no significant
differences in the baseline characteristics between the
two groups. The VAS score (mean ± SD) of heartburn
and regurgitation in dexrabeprazole (64.8 ± 5.1 and 64
± 8.1, respectively) and rabeprazole (64.4 ± 8.7 and
57.6 ± 9.7, respectively) groups significantly reduced
(P < 0.0001) to 30 ± 11.5, 24 ± 10 and 32 ± 9.5, 29.2
± 11.9, respectively on d 28. A significantly higher
(P = 0.002) proportion of patients showed ≥ 50%
improvement in regurgitation with dexrabeprazole 10 mg
(96%) compared to rabeprazole 20 mg (60%). Onset
of symptom improvement was significantly earlier with
dexrabeprazole than with rabeprazole (1.8 ± 0.8 d vs
2.6 ± 1.4 d; P <0.05). The incidences of esophagitis
in the dexrabeprazole group and rabeprazole group
before therapy were 84% and 92%, respectively (P
= 0.38). The incidence of improvement/healing of
esophagitis after therapy was more (P = 0.036) in
the dexrabeprazole group (95.2%) compared to the
rabeprazole group (65.2%). No adverse drug reaction
was seen in either group.
www.wjgnet.com
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INTRODUCTION
Rabeprazole is a mixture of two isomers: R(+) and
S(-)[1]. Efficacy of dexrabeprazole [R(+) rabeprazole] has
been confirmed in animal studies at half the dose of the
racemate with the R-isomer being more effective than
S-isomer in aspirin-induced ulcers[1]. Pharmacokinetics in
human volunteers have shown that, irrespective of the
metabolizer status, the ratio of R:S isomer of rabeprazole
in terms of C-max was between 1.7 to 1.9, with the ratio
for area under the curve (AUC) being between 1.8-2.4.
This may explain why dexrabeprazole at lower dose than
racemate can be as effective as racemate[2].

MATERIALS AND METHODS
This was a randomized, double-blind, comparative, clinical
study permitted by Drugs Controller General of India
(DCGI) on November 29, 2006 and was conducted in
compliance with the ‘Guidelines for Clinical Trials on
Pharmaceutical Products in India-GCP Guidelines’ issued
by the Central Drugs Standard Control Organization,
Ministry of Health, Government of India (http://www.
cdsco.nic.in/html/GCP1.html). The Ethical Committee
Approval was taken from Independent Ethics Committee,
Center for Behavioral Medicine, Pune, India. The study
was initiated on December 5, 2006 and completed on April
5, 2007.
Male or female patients between 18-65 years of age,
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Table 1 Results of endoscopic findings

Parameters

Baseline (d 0)
Dexrabeprazole 10 mg
(n = 25)

Rabeprazole 20 mg
(n = 25)

Patients with esophagitis[4]
21
23
Grade A
1
7
Grade B
20
16
Grade C
0
0
Grade D
0
0
Investigator-reported improvement in endoscopic findings and healing
-Yes
NA
NA
-No
NA
NA

After therapy (d 28)
Dexrabeprazole
10 mg (n = 25)

Analysis of findings

Rabeprazole
CER
20 mg (n = 25)

TER

ARR

RRR

NNT

8
8
0
0
0

15
11
4
0
0

0.65

0.38

0.27

42%

4

20
1

15
8

0.652

0.952 0.30

46%

3

NA: Not applicable; CER: Control event rate; TER: Test event rate; ARR: Absolute risk reduction; RRR: Relative risk reduction; NNT: Number needed to treat.

clinically diagnosed with GERD were included after
obtaining written informed consent. Patients with a
known history of hypersensitivity to any proton pump
inhibitors (PPIs) or history of infectious or inflammatory
conditions of the intestine such as inflammatory bowel
disease, malabsorption syndromes, intestinal obstruction,
gastrointestinal malignancy, gastric or intestinal surgery
(vagotomy), Barrett’s esophagus, esophageal stricture,
pyloric stenosis, and scleroderma were excluded from
the study. Pregnant and lactating females, patients with
abnormal laboratory tests at baseline (including liver
enzymes greater than twice the upper limit of normal),
patients refractory to a 2-mo course of H2-blocker or
PPI therapy for GERD treatment, patients who took PPI
within 14 d of screening or a H2-blocker or prokinetic
agent within 7 d of screening, patients who required daily
use of non-steroidal anti-inflammatory drugs (NSAIDs),
oral steroids, aspirin or who were unable to discontinue the
use of anticholinergics, cholinergics, spasmolytics, opiates
or sucralfate and patients with poorly controlled associated
disease (such as heart disease, coagulation disorders,
thyroid disorders) were also excluded from the study.
Enrolled patients were randomized (as per the
computer g enerated randomization char t, www.
randomization.com) in blocks of ten to receive identical
looking tablets of dexrabeprazole 10 mg once daily (OD)
or rabeprazole 20 mg OD in coated opaque envelopes to
conceal the identity of the treatment allocated.
Patients recorded severity/relief of their symptoms on
a visual analog scale (VAS)[3] [at baseline (d 0) and on d 14
and 28 of therapy] and in a diary card (daily throughout the
study duration). Laboratory investigations (SGPT, SGOT,
serum creatinine, platelet count, total and differential
WBC count) and upper gastro-intestinal endoscopy were
conducted at baseline and after 28 d of therapy.
Statistical analysis
Student’s t test was applied for VAS scores and Chisquare for proportions showing ≥ 50% improvement.
CLINSTAT software was used for statistical analysis
(Martin Bland, CLINSTAT). P < 0.05 was considered
statistically significant.

RESULTS
A total of 50 patients (n = 25, M:F = 16:9, mean age:

39.32 ± 10.6 years, mean weight: 60.4 ± 11.27 kg in 10
mg dexrabeprazole group; n = 25, M:F = 20:5, mean age:
35.7 ± 6.4 years, mean weight: 64.3 ± 13.4 kg in 20 mg
rabeprazole group) completed the study. There were no
significant differences in the baseline characteristics of the
two groups. The VAS score (mean ± SD) of heartburn
and regurgitation in dexrabeprazole and rabeprazole
groups reduced significantly (P < 0.0001) from 64.8 ±
5.1, 64 ± 8.1, and 64.4 ± 8.7, 57.6 ± 9.7 on d 0 to 42 ±
10.4, 34.8 ± 10.8 and 46.4 ± 11.5, 35.4 ± 10.8 on d 14
with further reduction to 30 ± 11.5, 24 ± 10 and 32 ± 9.5,
29.2 ± 11.9 on d 28 of the therapy, respectively. There
was no significant intergroup difference in improvement
of symptom scores. A significantly higher (P = 0.002)
proportion of patients showed at least 50% improvement
in symptoms of regurgitation with dexrabeprazole 10
mg (96%) than with rabeprazole 20 mg (60%). Onset
of symptom improvement was earlier (P < 0.05) at 1.8
± 0.8 d with dexrabeprazole than with rabeprazole at
2.6 ± 1.4 d. Endoscopy showed that the incidence of
‘residual esophagitis’ (any grade of esophagitis as per Los
Angeles Classification[4]) after 28 d was higher in the 20
mg rabeprazole group compared to 10 mg dexrabeprazole
group. Similarly, incidence of healing was significantly
higher (P = 0.036) in the dexrabeprazole group compared
to the rabeprazole group (Table 1). This represents an
absolute improvement of 30% and relative improvement
of 46% over racemate. No adverse drug reaction was seen
in either group. Laboratory parameters did not show any
significant differences as compared to baseline.

DISCUSSION
GERD is characterized by recurrent return of gastric
contents back into the esophagus. The goal of treatment
is to improve patient’s quality of life by providing rapid
relief of symptoms and reducing the severity and number
of recurrent episodes. Therefore, an important endpoint
in clinical trials assessing the efficacy of treatment in
GERD patients is time taken for complete relief of
symptoms, especially the pivotal symptoms of heartburn
and regurgitation. This can be measured as time to the first
24-h interval free from GERD symptoms of heartburn
or acid regurgitation. Other endpoints include global
symptom improvement, satisfactory, and complete relief
of symptoms, etc.
www.wjgnet.com
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In the present study, onset of action (time to the first
24-h interval free from GERD symptoms) was significantly
earlier (P < 0.05) with dexrabeprazole than with
rabeprazole. Although, the VAS score of heartburn and
regurgitation in dexrabeprazole and rabeprazole groups
reduced significantly (P < 0.0001), a higher (P = 0.002)
proportion of patients showed at least 50% improvement
in symptoms of regurgitation with 10 mg dexrabeprazole
(96%) than with 20 mg rabeprazole (60%). Endoscopic
findings also showed that the incidence of healing was
significantly higher (P = 0.036) in the dexrabeprazole
group as compared to the rabeprazole group (Table 1).
This represents an absolute improvement of 30% and
relative improvement of 46% over racemate, yielding an
NNT (number of patients needed to treat to benefit at
least one patient) of only 3 patients. No adverse drug
reaction was seen in either group. Laboratory parameters
did not show any significant differences as compared to
baseline.
This study shows that in the symptomatic management
of GERD, dexrabeprazole will provide better results
than the racemate, even when used at half the normal
dose. Our results are in conformity with previously
published pre-clinical studies[1], confirming the efficacy of
dexrabeprazole at half the dose of the racemate. Thus it
would, therefore, be advantageous to use the R(+) isomer
in favor of the racemate to reduce metabolic load on the
body, to simplify pharmacokinetics and have better efficacy
with equal safety.
The therapeutic value of chiral purification of PPI
racemates is already confirmed with earlier introductions
of esomeprazole and S-pantoprazole[5]. Findings of the
present study strengthen this further.
In summar y, for GERD treatment, efficacy of
dexrabeprazole 10 mg is better than rabeprazole 20 mg,
with regards to improvement and healing of endoscopic
lesions and relief from symptoms of regurgitation.

Number 30

Research frontiers

PPIs are mixtures of enantiomers. Chiral purification of PPI is a useful way to
improve existing therapy. Early improvement in healing of esophagitis is very
important.

Innovations and breakthroughs

Chiral purification has previously allowed introduction of better version of
omeprazole and pantoprazole as esomeprazole and S-pantoprazole in terms of
better efficacy.

Applications

The existing racemate rabeprazole when used as chirally pure dexrabeprazole
lessens the drug dosage, metabolic load on body, and provides faster healing of
esophagitis with more patients getting relief from symptoms of GERD.

Terminology

GERD = Gastroesophageal reflux disease, VAS = Visual analog Scale used to
score symptoms, CER = Control event rate (i.e. incidence with the reference
product), TER = Test event rate (i.e. incidence with the test product), ARR =
Absolute risk reduction (in the event of interest), NNT = number (of patients)
needed to treat to benefit at least one patient.

Peer review

This is a randomized, double-blind clinical study comparing efficacy and
safety of dexrabeprazole 10 mg versus rabeprazole 20 mg in the treatment of
gastroesophageal reflux disease (GERD). The paper is well written and the results
show efficacy of dexrabeprazole 10 mg is better than rabeprazole 20 mg, with
regards to improvement/healing of endoscopic lesions and relief from symptoms of
regurgitation
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Volume 13

esophageal mucosa (esophagitis) and even abnormal cellular changes (Barett’
s esophagus). Proton pump inhibitors (PPIs) form the mainstay of therapy for
GERD.
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Abstract
AIM: To investigate the safety and efficacy of the
formulation HD-03/ES capsules in the management of
patients with chronic hepatitis B infection.
METHODS: A total of 25 patients were recruited to the
study and were given HD-03/ES, two capsules twice
daily for six months. Clinical assessment of symptoms
and signs were done using the “clinical observation
table” once a month before and after the treatment.
Biochemical investigations of total bilirubin, ALT, AST,
serum protein for liver function tests were done every
month after initiating treatment. Serum was analyzed
for HBV markers for HBsAg, HBeAg and HBV DNA at
baseline, 4 and 6 mo after therapy using ELISA kits from
Roche.
RESULTS: After 6 mo of therapy with HD-03/ES, a
significant reduction of ALT values from 66.5 ± 11.1 to
39.1 ± 5.2 (P < 0.01) and a significant HBsAg loss (52%,
P < 0.001), HBeAg loss (60%, P < 0.05) and HBV DNA
loss (60%, P < 0.05) was observed. Adverse effects
were mild and never warranted withdrawal of the drug.
CONCLUSION: The results of this pilot study indicate
that HD-03/ES might be a safe and effective treatment
for chronic hepatitis B infection and a long-term
multicentric comparator trial is warranted and under way.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is a hepadnavirus that is
noncytopathic and causes significant morbidity and
mortality worldwide[1]. Chronic hepatitis B (CHB) affects
an estimated 400 million people worldwide with over
50�������������������������
 ������������������������
000 fatalities each year[2]. 82% of the world’s 530�����
 ����
000
cases of liver cancer per year are caused by viral hepatitis
infection, with 316�  ������������������������������������
������������������������������������
000 cases associated with hepatitis
B infection [3]. According to a WHO report, India has
intermediate endemicity of hepatitis B, with Hepatitis
B surface antigen (HBsAg) prevalence between 2% and
7% among populations studied. The prevalence does not
vary significantly by region in the country. The number of
HBsAg carriers in India has been estimated to be over 40
million (4 crore). It
�����������������������������������������
has been estimated that, in India, of
the 25 million infants born every year, over one million
run the lifetime risk of developing chronic HBV infection.
Every year over 100 000 Indians die due to illnesses related
to HBV infection�.
Ayurveda, an indigenous system of medicine in India,
has a long tradition of treating liver disorders with plant
drugs[4]. On the basis of leads available from folklore usage
and recent experimental studies, HD-03/ES (a capsule
formulation consisting of 125 mg each of hydroalcoholic
extracts of the herbs Cyperus rotundus and Cyperus scariosus)
was evolved to elicit hepatoprotective activity.
Surface antigen suppression and HBV elimination
activities of herbal extract containing Cyperus rotundus
and Cyperus scariosus were examined using two HBsAg
expressing human hepatocellular carcinoma cell lines,
PLC/PRF/5 and HepG2.2.215 polymerase chain
reaction (PCR) for the study of amplification of DNA
specific to HBV, reverse transcriptase inhibition assay,
immunomodulatory effects and hepatoprotective ability
against oxidative damage to hepatocytes were some of the
other studies performed to evaluate the efficacy of the
plant extract. The efficacy of the plant extract to eliminate
the duck hepatitis B virus was assessed in experimentally
infected Pekin ducks in a duck model study. Our
investigations indicated that the extracts could reversibly
inhibit cell growth and suppress HBsAg expression in both
of the human hepatocellular carcinoma cell line models.
Acute and sub-acute toxicity studies conducted in rats
indicated that HD‑03/ES is devoid of significant toxicity
www.wjgnet.com
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following acute and repeated administration in rats (Data
on file).
A preliminar y case study report indicated that
there was significant reduction of HBsAg along with
disappearance of viral DNA in a patient treated with
HD-03/ES at a dosage of two capsules twice daily for a
period of six months[5]. At the moment, there is no data
to show whether HD-03/ES treatment is adequate for
the treatment of HBV infection. We therefore, undertook
this clinical study to evaluate the safety and efficacy of
HD-03/ES in patients with chronic hepatitis B infection.

MATERIALS AND METHODS
Patients
An open prospective controlled clinical trial was carried
out in the Department of Gastroenterology, Lifeline Rigid
Hospitals, Chennai, Tamilnadu, India, between March
2005 and June 2006 to evaluate the safety and efficacy of
HD-03/ES capsules alone in the management of chronic
hepatitis B infection. Informed written consent was
obtained from all study participants and the protocol of
the study was approved by the ethical committee of the
institute. The study in general was conducted in accordance
with Declaration of Helsinki and GCP Guidelines issued
by the Ministry of Health, Government of India.
Diagnostic criteria
Patients with a history of hepatitis B or HBsAg carriers
for at least 6 mo, who still had symptoms and signs of
hepatitis as well as abnormal liver function and positive
HBsAg, were diagnosed as having CHB infection in the
present study.
Criteria for enrollment
Patients, aged 18-60 years, with their serum alanine
aminotransferase (ALT) level being 41-200 IU/L and who
had positive serum HBsAg, were enrolled.
Criteria for exclusion
Patients aged over 60 years or less than 18 years, pregnant
or lactating women, patients who had hepatitis C or other
hepatic viral infection, autoimmune hepatitis and druginduced hepatitis or alcoholic hepatitis; patients with severe
complications of the cardiovascular, renal or hematopoietic
system; and patients with mental diseases, were excluded.
Patients were excluded if they had decompensated liver
disease (defined by serum albumin ≤ 360 g/L, bilirubin ≥
150 g/L, prothrombin time ≥ 2 s prolonged, or a history
of ascites, variceal hemorrhage or hepatic encephalopathy),
pancytopenia (defined as hemoglobin < 110 g/L, white
cell count < 4000/mm3 or platelets < 105/mm3). Patients
with a history of using interferon or anti-viral agents or
corticosteroids or immunosuppressive drugs were also
excluded.
Treatment
Each patient was asked to take two capsules of HD-03/ES
(The Himalaya Drug Company, Bangalore, India) twice
daily, two capsules in the morning and two capsules at
bedtime after food for a period of six months.
www.wjgnet.com
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Recording and observation of symptoms and signs
The symptoms and signs of patients were recorded in
detail using the “Clinical Observation Table” once a month
before and during the treatment.
Etiological markers of hepatitis B
Serum samples collected from patients were stored at -20℃ until
analysis. Serum was assayed for HBsAg, hepatitis B e-Antigen
(HBeAg), and HBV DNA at baseline, four and six months
after therapy using commercially available enzyme-linked
immunosorbent assay kits from Roche.
Liver function
The patients had liver function examinations every
month during the treatment, including contents of serum
proteins, total bilirubin (TB) and activities of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST).
Safety analysis
Safety analysis included data for all treated patients during
dosing. The primary safety end point was discontinuation
of study medication because of adverse events. Other
safety evaluations included incidence of adverse effects.
End points
The primary end point was HBsAg clearance. Secondary
e n d p o i n t s i n c l u d e d H B V D N A l e ve l s a n d A LT
normalization to 40 IU/L at the end of treatment.
Statistical analysis
The intention-to-treat analysis included all randomized
patients who were HBsAg-positive at baseline and
received at least one dose of the study medication. Data
were expressed as mean ± SD. One-way ANOVA with
Bonferroni’s multiple comparison test or Dunnett's
multiple comparison test was perfor med wherever
appropriate using GraphPad Prism version 4.00 for
Windows, GraphPad Software, San Diego California USA.
A P value of < 0.05 was taken as statistically significant.

RESULTS
Twenty five patients (22 males and 3 females) aged between
20 and 45 years with a mean age of 33.7 years participated
in this open study. Their baseline characteristics are shown
in Table 1.
Clinical response
Six months of therapy with HD-03/ES capsules was
markedly effective in the majority of the patients as it
resulted in disappearance or alleviation of chief clinical
symptoms such as abdominal pain and poor appetite. The
effect of six months of treatment with HD-03/ES on liver
function tests are shown in Table 2�������������������������
. �����������������������
As shown in the table,
there was a trend towards normalization of liver function
tests in all patients treated with HD-03/ES.
ALT normalization
Levels of ALT before and after six months of treatment
with HD-03/ES are shown in Table 3. After six months
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Table 1 Demographic data

Sex
Body weight (kg)

Table 2 Effect of six months treatment with HD-03/ES on
liver function tests (mean ± SD)
Parameter
Alanine aminotransferase
(ALT) (IU/L)
Aspartate aminotransferase
(AST) (IU/L)
Serum albumin (g%)
Serum globulin (g%)
Total protein (g%)
Serum bilirubin (mg%)
Alkaline phosphatase (IU/L)

d0
Four months
66.5 ± 11.1 41.6 ± 05.1

40
30
20
10
0

25
47.5 ± 9.5
3.5 ± 0.8
2.9 ± 0.3
6.2 ± 0.7
1.3 ± 0.6
155.5 ± 9.8

42.4 ± 10.7
3.5 ± 0.7
3.1 ± 0.2
6.5 ± 0.7
1.2 ± 0.5
140.2 ± 9.0

40.2 ± 10.1
3.6 ± 0.7
3.2 ± 0.2
6.5 ± 0.7
1.1 ± 0.5
127.0 ± 7.5

HBsAg

d0
Four months
Six months

HD-03/ES (No. of patients)
32%
56%
Positive
Negative
25
0
19
6
12
13b

d0
Four months
Six months
d0
Four months
Six months

16
11
10
16
11
10

HBeAg

HBV DNA

9
14
15a
9
14
15a

a

P < 0.05; vs d 0; bP < 0.001 vs d 0.

of treatment, the levels of ALT were decreased from
initial value of 66.5 ± 11.1 to 39.1 ± 5.2, and this reached
levels of statistical significance (P < 0.01). In 14 of the
25 patients (56%), ALT levels were normalized. Although
ALT levels were not normalized in the remaining 11
patients, there was a trend towards reduction and in none
of the patients was a rise in ALT levels seen (Figure 1).
Virological response
The effect of 6 mo of treatment with HD-03/ES treatment
on virological response is shown in Table 3. Thirteen
of the 25 patients (52%) at the end of treatment, who
were treated with HD-03/ES, had undetectable HBsAg.
This difference was statistically significant (P < 0.001)
(Figure 2). HBeAg loss (60%, P < 0.001) and HBV DNA
loss (60%, P < 0.05) also occurred during treatment with
HD-03/ES in that 6 patients who were positive for both
HBeAg and HBV DNA initially, but were negative for the
same at the end of therapy (Figure 3 and Figure 4).

Positive

Negative

20
15

b

10
5
d0

Four months

Six months

Figure 2 Improvement in HBsAg after treatment with HD-03/ES. bP < 0.001 vs d 0.

16

Positive

Negative

a

14
HBeAg (No. of patients)

Table 3 Biochemical and serological response to 6 mo of
HD-03/ES therapy

Four months
Six months

Six months

Six months
39.1 ± 5.2

0

Variable
ALT normalization (%)

Four months

Figure 1 Improvement in ALT normalization after treatment with HD-03/ES.

HBsAg (No. of patients)

Age (yr)

HD-03/ES
33.7 (6.6)
36 (20-45)
22
3
56 (10)

ALT normalization (%)

50
Characteristic
Mean (SD)
Median (range)
Male
Female
Mean (SD)

12
10
8
6
4
2
0

d0

Four months

Six months

Figure 3 Improvement in HBeAg after treatment with HD-03/ES. aP < 0.05 vs d 0.

Adverse events
HD-03/ES was well tolerated in this study. No patient was
withdrawn from therapy either for adverse effects or for
other reasons. The adverse events observed during therapy
are shown in Table 4. Most of the observed side-effects
were mild (fatigue, headache and insomnia) in nature. The
most common adverse event was abdominal discomfort.
No serious biochemical abnormalities were experienced by
any patient.

DISCUSSION
High morbidity and mortality have been found in Asia
among HBsAg-positive patients, even in the absence of
overt liver disease [6,7]. The goals of treatment in CHB
infection are sustained viral suppression, normalization
of ALT levels and improvement in liver histolog y
leading to long-term reduction in the risk of cirrhosis
and hepatocellular carcinoma[8]. Loss of HbsAg, HBeAg
www.wjgnet.com
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Table 4 List of adverse effects

14
12

Adverse effect
Abdominal discomfort
Fatigue
Headache
Insomnia

10
8
6

HD-03/ES
3
2
1
1

4
2
0

d0

Four months

Six months

Figure 4 Improvement in HBV DNA after treatment with HD-03/ES.aP < 0.05 vs d 0

and normalization of ALT levels and improvement in
liver histology are the usual short-term end points of
therapy[9]. The results of this preliminary study indicate
that short-term therapy with HD-03/ES is effective in
the management of CHB. Although the initial results of
this study are promising, it remains to be seen whether
virological response will be sustained during chronic
dosing and whether relapse rates after cessation of therapy
would be low unlike conventional therapies whose relapse
rates are high after treatment cessation[10].
The ultimate endpoint of antiviral therapy for CHB
infection is loss of HBsAg, which is accompanied by
disease remission in terms of ALT normalization [11].
In this study, HBsAg loss was observed in 52% of the
patients after 6 mo of therapy with HD-03/ES. This is in
contrast to several clinical trials of lamivudine or adefovir
where HBsAg loss was not reported[12,13] or tends to occur
later than 24 wk as with interferon therapy[14]. Although six
months of therapy is limited and not capable of inducing
pronounced viral suppression, five patients lost their
HBV DNA after six months of therapy, which is highly
encouraging.
Loss of HBeAg either spontaneously or following
therapy significantly improves the clinical outcome and
survival in chronic HBV patients. Therefore, HBeAg loss
has remained as a major end point of antiviral therapy
in chronic HBV infection. Monotherapy with alpha
interferon for 16 to 26 wk is associated with loss of serum
HBeAg in 20���������������������
%��������������������
-40% of the patients[15]. Our results (55%)
are slightly better.
The possible mechanisms of action as studied using
HBsAg expressing human hepatocellular carcinoma
cell lines PLC/PRF/5 and HepG2.2.2.15 indicate to
HBsAg suppression by binding to the antigen, and
HBV elimination by reverse transcriptase inhibition.
Immunomodulatory effects occur by causing the release
of nitric oxide (NO) by macrophages and cytokines like
TNF-α. It was found to have an hepatoprotective effect by
reversing the oxidative damage caused by hepatocytes.
A strong correlation was found between HBV DNA
levels and histology activity index scores in HBeAg
negative patients [16]. As ALT levels are consistent with
histological activity index scores, the findings in the present
study of ALT normalization, HBsAg loss together with
loss of DNA during short‑term treatment with HD-03/
ES indicates that patients treated with HD-03/ES may lose
their infectivity faster and relapse rates would be low.
www.wjgnet.com

Although the initial results of this study are promising,
it remains to be seen whether virological response will
be sustained during chronic dosing and whether relapse
rates after cessation of therapy would be low unlike
conventional therapies whose relapse rates are high after
treatment cessation [17]. Our study has several obvious
limitations and among these we should consider the small
sample size.
In summary, this trial demonstrated that 24 wk of
HD-03/ES treatment resulted in clinically significant
virological and biochemical benefits in patients with
CHB infection. Hence to conclude the potential benefit
of HD-03/ES in the management of CHB, HD-03/ES
should be studied in long-term comparative trials with
standard drugs with extended duration of follow-up.

ACKNOWLEDGMENTS
We thank all the trial participants for their consent and
participation in this study. We thank the management
Lifeline Rigid Hospitals, Kilpauk, Chennai-600010, India,
for kind permission to conduct the study and publish the
results.

REFERENCES
1
2

3
4
5

6
7

8
9
10

Asmuth DM, Nguyen HH, Melcher GP, Cohen SH, Pollard RB.
Treatments for hepatitis B. Clin Infect Dis 2004; 39: 1353-1362
Lim SG, Ng TM, Kung N, Krastev Z, Volfova M, Husa P,
Lee SS, Chan S, Shiffman ML, Washington MK, Rigney A,
Anderson J, Mondou E, Snow A, Sorbel J, Guan R, Rousseau
F. A double-blind placebo-controlled study of emtricitabine in
chronic hepatitis B. Arch Intern Med 2006; 166: 49-56
Lai CL, Ratziu V, Yuen MF, Poynard T. Viral hepatitis B.
Lancet 2003; 362: 2089-2094
De S, Ravishankar B, Bhavsar GC. Plants with hepatoprotective
activity: A review. Ind Drugs 1993; 30: 355-363
Kulkarni KS, Dixit MN, Bhagwat, V.G, Meru AK, Babu UV,
Ekta Saxena, Mitra SK. Reduction of HBsAg with decrease in
viral load with herbal formulation, HD-03/ES: A case study.
Med Update 2002; 7: 61-63
Beasley RP. Hepatitis B virus. The major etiology of
hepatocellular carcinoma. Cancer 1988; 61: 1942-1956
Sakuma K, Takahara T, Okuda K, Tsuda F, Mayumi M.
Prognosis of hepatitis B virus surface antigen carriers in
relation to routine liver function tests: a prospective study.
Gastroenterology 1982; 83: 114-117
Jacobson IM. Therapeutic options for chronic hepatitis B:
considerations and controversies. Am J Gastroenterol 2006; 101
Suppl 1: S13-S18
Yuen MF, Lai CL. Current and future antiviral agents for
chronic hepatitis B. J Antimicrob Chemother 2003; 51: 481-485
Marcellin P, Lau GK, Bonino F, Farci P, Hadziyannis S, Jin
R, Lu ZM, Piratvisuth T, Germanidis G, Yurdaydin C, Diago
M, Gurel S, Lai MY, Button P, Pluck N. Peginterferon alfa2a alone, lamivudine alone, and the two in combination in
patients with HBeAg-negative chronic hepatitis B. N Engl J
Med 2004; 351: 1206-1217

Rajkumar JS et al . HD-03/ES in chronic hepatitis B
11

12

13

14

Flink HJ, van Zonneveld M, Hansen BE, de Man RA, Schalm
SW, Janssen HL. Treatment with Peg-interferon alpha-2b for
HBeAg-positive chronic hepatitis B: HBsAg loss is associated
with HBV genotype. Am J Gastroenterol 2006; 101: 297-303
Hadziyannis SJ, Papatheodoridis GV, Dimou E, Laras
A, Papaioannou C. Efficacy of long-term lamivudine
monotherapy in patients with hepatitis B e antigen-negative
chronic hepatitis B. Hepatology 2000; 32: 847-851
Santantonio T, Mazzola M, Iacovazzi T, Miglietta A,
Guastadisegni A, Pastore G. Long-term follow-up of patients
with anti-HBe/HBV DNA-positive chronic hepatitis B treated
for 12 months with lamivudine. J Hepatol 2000; 32: 300-306
Brunetto MR, Oliveri F, Coco B, Leandro G, Colombatto P,
Gorin JM, Bonino F. Outcome of anti-HBe positive chronic
hepatitis B in alpha-interferon treated and untreated patients:

4107

15

16
17

a long term cohort study. J Hepatol 2002; 36: 263-270
van Nunen AB, Hansen BE, Suh DJ, Lohr HF, Chemello L,
Fontaine H, Heathcote J, Song BC, Janssen HL, de Man RA,
Schalm SW. Durability of HBeAg seroconversion following
antiviral therapy for chronic hepatitis B: relation to type of
therapy and pretreatment serum hepatitis B virus DNA and
alanine aminotransferase. Gut 2003; 52: 420-424
Peng J, Luo K, Zhu Y, Guo Y, Zhang L, Hou J. Clinical and
histological characteristics of chronic hepatitis B with negative
hepatitis B e-antigen. Chin Med J (Engl) 2003; 116: 1312-1317
Marcellin P, Chang TT, Lim SG, Tong MJ, Sievert W, Shiffman
ML, Jeffers L, Goodman Z, Wulfsohn MS, Xiong S, Fry J,
Brosgart CL. Adefovir dipivoxil for the treatment of hepatitis
B e antigen-positive chronic hepatitis B. N Engl J Med 2003;
348: 808-816
S- Editor Liu Y L- Editor Alpini GD

E- Editor Wang HF

www.wjgnet.com

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

World J Gastroenterol 2007 August 14; 13(30): 4108-4111
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

RAPID COMMUNICATION

Detection and treatment of synchronous lesions in colorectal
cancer: The clinical implication of perioperative colonoscopy
Min Sun Kim, Young Jin Park
Min Sun Kim, Young Jin Park, Department of Surgery, Dongguk
University International Hospital, Dongguk University School of
Medicine, Goyang, Korea
Young Jin Park, Department of Surgery, Ilsanpaik Hospital, Inje
University School of Medicine, Goyang, Korea
Correspondence to: Young Jin Park, Department of Surgery,
Dongguk University International Hospital, 814 Siksa-dong,
Ilsandong-gu, Goyang-si, Gyeonggi-do 410-773,
Korea. parkyj@duih.org
Telephone: +82-31-9617262 Fax: +82-31-9617977
Received: 2007-05-08
Accepted: 2007-05-12

Abstract
AIM: To evaluate the clinical significance of preand intra-operative colonoscopy for the detection of
synchronous lesions in colon cancer.
METHODS: Two hundred and sixty-five pre-operative
and 51 intra-operative colonoscopic evaluations were
performed in 316 colorectal cancer patients who
underwent curative resection from January 2001 to June
2006. The incidence and characteristics of synchronous
lesions and their influence on surgery were evaluated.
RESULTS: Two hundred and eighty-two synchronous
lesions were detected in 124 (39.2%) of 316 patients
including all lesions regardless of their histologic type.
True adenomatous polyps were found in 91 (28.8%)
of 316 patients, and 17 (5.4% of all patients) patients
had synchronous colon cancers. The preoperative
identification of synchronous lesions altered the
planned surgery in 37 (14.0%) of 265 patients. In
18 patients among the surgically removed cases, the
lesions were removed by extending the resection range.
Further segmental resection or polypectomy through
enterotomy was necessary in 19 patients. Nineteen
(37.2%) of 51 intraoperative colonoscopy cases had
synchronous lesions. Additional surgical procedures
including segmental bowel resection and polypectomy
with enterotomy were necessary in 7 (13.7%) of 51
intraoperative colonoscopy cases to remove the lesions.
CONCLUSION: Synchronous colorectal polyps or
cancer are frequent and their preoperative detection is
important for optimal surgical planning and treatment.
Intraoperative colonoscopy is a useful option in cases
where a preoperative colonoscopy is not feasible.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The association of synchronous adenomatous polyps
in colon cancer has been reported to be 15%-50% and
synchronous cancer as high as 2%-10% [1-4]. A routine
preoperative colonoscopy has been recommended
for patients diagnosed with colorectal cancer in order
to identify synchronous polyps and/or cancer, that
otherwise might have remained undetected at the time
of the surgery[5]. The identified lesions can be removed
endoscopically or by surgery.
Despite its importance, a preoperative colonoscopy
of the entire colon is often unobtainable due to bowel
obstruction by the tumor, poor bowel preparation or
limitations associated with available facilities. Several
authors have shown the usefulness of intraoperative
colonoscopy when a preoperative colonoscopy was
not possible[6,7]. The detection of synchronous tumors
by intraoperative colonoscopy often alters the planned
surgery. However, not all investigators agree on the
effectiveness of intraoperative colonoscopy. Among the
concerns reported are the increased surgical time and
possible risk of infection[8].
The prevalence of colon cancer and polyps differ
widely by race and geographic location. The clinical
significance of synchronous polyps or cancer may be
different based on these epidemiologic factors. Most prior
studies on perioperative colonoscopy have been performed
in Western countries; there are only a limited number of
reports in Asia[9,10]. The present study was performed to
evaluate the status of synchronous colon cancer in Korea
and efficacy of perioperative colonoscopy.

MATERIALS AND METHODS
From January 2001 to June 2006, 324 consecutive surgeries
for colorectal cancer, with intent-to-cure, were performed

Kim MS et al . Colonoscopy and synchronous lesions in colon cancer

Table 1 Distribution of primary carcinoma by stage (TNM
stage) and site
Site
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Total

Stage
Ⅰ

Ⅱ

Ⅲ

Ⅳ

16
5
3
22
32
78

22
6
6
27
37
98

16
8
5
43
54
126

3
2
1
3
5
14

Total
57
21
15
95
128
316

at the Ilsanpaik Hospital.
A complete preoperative colonoscopy is a standard
part of patient evaluation prior to surgery at this hospital.
Intraoperative colonoscopy was performed when a
preoperative colonoscopy was impossible or incomplete.
The most common cause of failure of a preoperative
colonoscopy was luminal narrowing by a tumor. The
use of a bowel stent (Wallstent TM, Boston Scientific,
USA) often enabled preoperative bowel preparation in
obstructed cancer and made elective surgery possible.
Patients were placed in the lithotomy position if an
intraoperative colonoscopy was anticipated. The surgeon
performed the colonoscopy. Intra-abdominal hand
guidance by an assistant surgeon made scope insertion
easy. A noncrushing bowel clamp was applied at the
terminal ileum to prevent gaseous distention of the
small bowel, which is frequently encountered during the
procedure. The intraoperative colonoscopy was performed
after on-table bowel cleansing, when a preoperative stent
insertion was impossible or an emergency operation was
necessary. Intraoperative bowel cleansing was achieved
with saline infusion through a Foley catheter inserted
through the appendiceal stump as previously reported[11].
The solid fecal residue was irrigated from the proximal
colon and drained through an anesthetic scavenger tube
that was connected to the distal colon. The colonoscopy
was performed just after bowel anastomosis. Fifty-one
intraoperative colonoscopy examinations were performed,
and the synchronous lesions detected were removed by
colonoscopic polypectomy or by a surgical approach
depending on the size and features of the lesion.
Out of the 324 consecutive patients, 8 patients whose
first colonoscopy evaluation was done postoperatively were
excluded and the data on the remaining 316 patients (202
males and 114 females, mean age 61.5 ± 12.1 years) were
analyzed. The location and pathologic stage of primary
cancers in these 316 patients are given in Table 1. All the
procedures, particularly the intraoperative bowel cleansing
and colonoscopy, were performed with the written consent
of the patients or their guardians.

RESULTS
Characteristics of synchronous lesions
Two hundred and eighty-two synchronous lesions,
including polyps and carcinoma, were detected in 124
(39.2%) of 316 patients enrolled in the present study. All
lesions, regardless of their histological type, were included.
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Table 2 Characteristics of synchronous lesions
Characteristics
Location of polyps
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Size of polyp (mm)
<5
5-10
10-15
15-20
> 20
Histology
Carcinoma
Adenomatous polyp
Tubular
Villo-tubular
Villous
Hyperplastic polyp
Others
Total number of polyps

Number of lesions

%

48
39
18
93
84

17.0
13.8
6.4
33.0
29.8

77
109
56
23
17

27.3
38.7
19.8
8.2
6.0

19
158
93
37
28
78
27
282

6.7
56.0

27.7
9.6
100

Multiple lesions were common. Forty-four patients had
only one lesion but 48 patients had two or three, 28
patients had 4-10, and four patients had more than 10
lesions. The average number of lesions per patient was 2.3.
Adenomatous polyps were the most frequent histological
type and hyperplastic polyps were the second most
common. True adenomatous polyps were present in 91
(28.8%) of 316 patients (Table 2). Nineteen synchronous
colon cancers were detected in 17 (5.4%) patients in the
study population. The invasion depth of the synchronous
cancer was mostly confined to the mucosa or submucosa.
Fifteen tumors were mucosal or submucosal tumors, three
tumors invaded muscle and four tumors invaded beyond
the muscle layer.
Treatment of synchronous lesions detected at
preoperative colonoscopy
Synchronous polyps were detected in 105 (39.6%) of
265 patients who underwent preoperative colonoscopy.
Removal of the polyps detected at the preoperative
colonoscopy was attempted by endoscopic modalities
where technically feasible. Surgical removal was preferred
if the polyp was close to the primary tumor or if the
endoscopic removal was technically difficult. Another
indication for surgical removal was an unfavorable
histopathologic finding of the endoscopic polypectomized
specimen.
One hundred and fifty-six lesions were removed from
77 patients by preoperative colonoscopic polypectomies.
Ninety-nine lesions from 37 patients were surgically
removed. Among them, 51 polyps in 18 patients were
included in the surgical specimen. An extended resection
was often necessary for the inclusion of polyps within
specimen. A tattooing with indigocanine during the
colonoscopy was helpful for determining the extent of
the resection. Fifteen polyps in 10 patients were removed
by polypectomy through enterotomy. An additional bowel
www.wjgnet.com
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Table 3 Treatment of synchronous lesions
No. of patients with
synchronous lesions
Preoperative colonoscopy cases
(n = 265)
Preoperative polypectomy
Surgical removal
Included within specimen
Segmental resection
Enterotomy/wedge resection
Subtotal colectomy
Intraoperative colonoscopy
cases (n = 51)
Endoscopic polypectomy
Surgical removal
Segmental resection
Enterotomy
Included within specimen2
Total

Volume 13

Number 30

Table 4 Incidence of complications
No. of lesions

1051

255

77
37
18
6
10
3
19

156
99
51
12
15
21
33

5
7
3
4
7
124

7
13
7
6
13
282

1

Dual procedure were performed for some patients, therefore, the sum
exceeds the total number of patients. 2These lesions were not recognized until
postoperative specimen examination.

resection was necessary in six cases and subtotal colectomy
was performed in three cases (Table 3).
Treatment of synchronous lesions detected at
intraoperative colonoscopy
Fifty-one intraoperative colonoscopies were performed.
The most frequent indication was the evaluation of the
remainder of the colon when a segmental resection was
performed in obstructed left side colon cancers. Out of 36
obstructed left colon cancer patients, preoperative bowel
preparation was possible in 15 patients without the aid of
a stent although the colon lumen was so narrowed that
the colonoscope could not pass the lesion site. A colon
stent was inserted in 12 of 36 patients for bowel cleansing.
Intraoperative colonoscopy was performed after bowel
anastomosis. Colonoscopy was performed after on-table
colon lavage and bowel anastomosis in nine patients whose
bowel preparation was not previously possible at all.
Preoperative colonoscopies were not done or were
incomplete in nine patients who had causes other than
bowel stenosis. These nine patients and six other patients
whose lesion site was unclear at laparotomy accounted for
additional cases that needed intraoperative colonoscopy.
An average of 10.5 min was required for the intraoperative
colonscopy except when a polypectomy was performed.
Twenty synchronous cancers or clinically significant
polyps were present in 12 (23.5%) of 51 patients who
underwent intraoperative colonoscopy. Seven lesions
from five patients were removed using an endoscopic
snare. Three patients underwent further segmental
colon resection and the polyp was removed through
enterotomy in four patients. The seven resected specimens
included 13 more lesions, which were not recognized
until postoperative specimen examination. The results of
this study showed that intraoperative colonoscopy does
not significantly increase complication rates although a
statistical comparison was impossible due to the limited
case number (Table 4).
www.wjgnet.com
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Time of colonoscopies
Preoperative colonoscopy (n = 265)
Anastomosis leakage
Intraabdominal sepsis
Wound infection
Intraoperative colonoscopy with bowel
preparation (n = 42)
Anastomosis leakage
Intraabdominal sepsis
Wound infection
Intraoperative colonoscopy with
intraoperative colon lavage (n = 9)
Anastomosis leakage
Intraabdominal sepsis
Wound infection

Number of patients (%)
4 (1.5)
3 (1.1)
7 (2.6)

1 (2.4)
1 (2.4)
3 (4.7)

0
0
2

DISCUSSION
The prognosis of colon cancer has improved with
advances in early detection. However, a large number of
patients with colorectal cancer still die from the recurred
disease after surgery[12]. Overlooked synchronous lesions
may adversely affect patient prognosis although local
recurrence and distant metastases are the most common
causes of treatment failure.
The results of this study showed the usefulness of
pre- and intra-operative colonoscopy. The incidence of
observed synchronous adenomatous polyps (28.8%) and
carcinoma (5.4%) was consistent with pervious studies[3,4].
Ninety-four lesions were neoplastic tumors greater than
10 mm and thus of significant malignant potential. These
findings suggest that a colonoscopy is essential at surgery
in patients with colon cancer.
A preoperative colonoscopy is ideal in that it allows for
surgical planning for the synchronous lesions when present.
However, a preoperative colonoscopy is often impossible due
to bowel obstruction. Given the necessity of a perioperative
colonoscopy, the consequence of an unsuccessful
preoperative procedure is to repeat the examination soon
after operation. In order to avoid multiple invasive and
expensive investigations, Barlow et al[13], proposed performing
colonoscopy only after surgery when the colonoscopy is more
likely to be successful, with a reported failure rate of 10%.
However, this policy may increase the risk for additional
surgeries.
In our experience, modification of the standard
resection was required in 25 of 105 patients who
had polyps detected at the preoperative colonoscopy.
Considering the lack of sensitivity of operative palpation,
it is possible that some of these 25 patients would have
required reoperation if the preoperative colonoscopy
had not been performed. The avoidance of additional
operations is a powerful argument for a preoperative
colonoscopy. In our view, a preoperative colonoscopy
should be routinely done whenever possible. After the
colonoscopy and curative resection, the follow-up would
begin with a patient assumed to have a clean colon.
It has been reported that a preoperative colonoscopy
was not possible in as many as 50% of cases although
our study shows a lower rate[13,14]. Tumor stenosis of the
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colon was the most frequent cause of not being able to do
a preoperative colonoscopy. Considering the importance
of precise information on synchronous lesions at colon
cancer surgery, intraoperative colonoscopy is an attractive
option. Preoperative bowel preparation was possible with
or without the aid of a bowel stent in 27 of 36 cases
of obstructed colon cancer patients in this study. An
intraoperative colonoscopy could be done without much
difficulty in a cleaned colon with the limited additional
labor needed for preparation of the endoscopic device.
The procedure added only 10 min of operation time, but
the results were significant. We encountered synchronous
lesions in 19 (37.2%) of 51 intraoperative colonoscopy
cases and performed appropriate treatment for each
including seven surgical removals.
The insertion of a stenting device is not always possible
despite its usefulness in obstructed left side colon cancer.
There are several surgical options when all of the trials
for preoperative bowel preparation fail. The traditional
treatment is a two-stage Hartmann procedure[15]. Single
stage procedures have also been tried with reports of
positive results in most cases[11,16-17]. A subtotal colectomy
and the standard bowel resection, after an on-table bowel
preparation with antegrade colonic irrigation, are the two
most popular procedures. There are claims that primary
resection with on-table bowel preparation is a better
approach in terms of risk and cost compared to the twostage procedure, and is superior to the subtotal colectomy
in the long-term functional outcome [18]. However, the
procedure has the disadvantage that the surgeon does
not know the status of synchronous lesions in addition
to the risk of wound contamination. In our experience,
intraoperative colonoscopy effectively solved this problem.
Colonoscopy was possible in all cases with intraoperative
bowel preparation although the case number was limited.
Recently introduced devices for colonic irrigation may
facilitate the procedure although we have no experience
with them[19].
There is a report that follow-up colonoscopy detects
metachronous cancer in the first 2 to 3 postoperative
years [13]. However, two types of metachronous cancer
must be distinguished as suggested by Heald et al [20].
The lesion detected in the early postoperative period
may be an overlooked synchronous lesion and thus
should be differentiated from a genuine metachronous
neoplasm found later. The reported mean time for a
real metachronous cancer to develop is about 10 years.
Therefore, once the entire colon has been inspected and all
polyps found have been removed, a routine colonoscopy is
not expected to detect metachronous cancers in the early
postoperative years.
In conclusion, a preoperative colonoscopy should
be performed for all colorectal cancer patients since the
presence of synchronous lesions often alters the treatment
plan. Intraoperative colonoscopy is a valid option when
the preoperative evaluation is not possible due to bowel
obstruction.
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Abstract
AIM: To investigate the hypothesis that duodeno-jejunal
dyssynergia existed at the duodeno-jejunal junction.
METHODS: O f 112 pat ie nt s who c omplaine d of
epigastric distension and discomfort after meals, we
encountered nine patients in whom the duodeno-jejunal
junction did not open on duodenal contraction. Seven
healthy volunteers were included in the study. A condom
st
which was inserted into the 1 duodenum was filled up
to 10 mL with saline in increments of 2 mL and pressure
response to duodenal distension was recorded from the
duodenum, duodeno-jejunal junction and the jejunum.
RESULTS: In healthy volunteers, duodenal distension
with 2 and 4 mL did not produce pressure changes,
while 6 and up to 10 mL distension effected significant
duodenal pressure increase, duodeno-jejunal junction
pressure decrease but no jejunal pressure change. In
patients, resting pressure and duodeno-jejunal junction
and jejunal pressure response to 2 and 4 mL duodenal
distension were similar to those of healthy volunteers.
st
Six and up to 10 mL 1 duodenal distension produced
significant duodenal and duodeno-jejunal junction
pressure increase and no jejunal pressure change.
CONCLUSION: Duodeno-jejunal junction failed to open
on duodenal contraction, a condition we call ‘duodenojejunal junction dyssynergia syndrome’ which probably
leads to stagnation of chyme in the duodenum and
explains patients' manifestations.
© 2007 WJG. All rights reserved.
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INTRODUCTION
The stomach passes chyme to the duodenum (DD)
in jets under the control of physiologic antropyloric
mechanisms[1-3]. In addition to the chyme, the DD contents
comprise mucosal secretions of the DD mucosa, pancreatic
secretions such as pancreatic enzymes, lysolecithin and
bicarbonate as well as bile as a composition of bile acids,
pigments and bilirubin[4-6]. These DD contents are passed
to the jejunum (JJ). During their passage through the DD,
they are claimed to be controlled by DD sphincters. In
addition to the gastroduodenal pyloric sphincter, other
controversial sphincters have been described to exist in the
DD[7-9]. One sphincter is alleged to be located at the distal
end of the DD bulb and may be responsible for segmental
achalasia and megabulb[7]. Another sphincter is said to
exist proximal to the ampulla of Vater[8]. The ‘Ochsner
muscle’ was described by Ochsner to be found below the
ampulla of Vater[9]. All of these sphincters were suggested
to delay the passage of chyme through the DD so as to
become thoroughly mixed with the biliary and pancreatic
secretions. However, these sphincters have as yet not been
verified as anatomical entities[10].
A previous study had demonstrated a high- pressure
zone at the duodenojejunal junction (DJJ), denoting that
the DJJ might act as a physiological sphincter[11]. The DJJ
pressure had been demonstrated to diminish on duodenal
contraction and increase on jejunal contraction[11]. This
effect was suggested to be reflex and mediated through the
'duodeno-jejunal junction inhibitory-' and the 'duodenojejunal junction excitatory-'reflexes[11]. The former seems
to allow the chyme to pass to the JJ from the DD, and the
latter reflex upon jejunal contraction appears to prevent
reflux of jejunal contents into the DD.
During our study of the duodenal motile activity of
112 patients who complained of epigastric distension and
discomfort after meals, we encountered 9 patients in whom
the DJJ did not open on DD contraction. We hypothesized
the existence of duodeno-jejunal dyssynergia at the DJJ
in these patients. This hypothesis was investigated in the
current study.
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Table
pressure
in in
the
duodenum
(DD),
duodeno-jejunal
junction
(DJJ),
and
jejunum
(JJ)
in in
the
Table1 1Effect
Effectofofduodenal
duodenaldistension
distensionononthe
the
pressure
the
duodenum
(DD),
duodeno-jejunal
junction
(DJJ),
and
jejunum
(JJ)
healthy
volunteers
and patients
(mean(mean
± SD)± SD)
the healthy
volunteers
and patients
Pressure (cm H2O)
Distension
volume
(mL)
0 (basal)
2
6
10

Volunteers
DJJ

DD
Mean
8.3 ± 1.1
8.1 ± 1.1
26.4 ± 5.9b
25.9 ± 5.8b

Range
8-12
7-12
20-32
21-30

Mean
17.3 ± 2.9
16.9 ± 2.8
6.9 ± 1.1b
6.8 ± 1.1b

Range
15-23
14-22
5-9
5-10

JJ
Mean
8.2 ± 1.1
8.1 ± 1.1
8.1 ± 1.1
8.3 ± 1.1

Patients
DJJ

DD
Range
6-10
5-10
5-9
6-10

Mean
7.9 ± 1.1
8.1 ± 1.1
24.2 ± 5.2b
25.4 ± 5.2b

Range
7-11
8-11
18-29
20-32

Mean
18.2 ± 2.8
17.9 ± 2.7
33.4 ± 4.8a
32.9 ± 4.7a

JJ
Range
16-25
15-24
26-38
25-36

Mean
8.4 ± 1.1
8.2 ± 1.1
8.1 ± 1.1
7.9 ± 1.1

Range
6-11
5-10
5-10
4-9

a

P < 0.05; bP < 0.01 vs basal levels.

MATERIALS AND METHODS
Subjects
The study comprised of 9 patients (5 women, 4 men, age
33.6 ± 4.2 years, range 28-37). The main complaint was
epigastric distension and discomfort after meals of 6-9
years duration (mean 7.3 ± 1.4). They complained also of
occasional nausea and vomiting which was spontaneous
and sometimes induced epigastric relief. These symptoms
occurred 1-1 ½ h after meals. All of the patients had
constipation in the form of infrequent defecation. The
patients were medicated by diet regulation as well as gastric
antisecretory and prokinetic drugs, but no improvement
was achieved.
Physical examination, including neurologic, was
normal. The patients had a mean body weight of 63.6 ±
2.1 (range 61-68) kg. Blood count and the results of renal
and hepatic function tests and electrocardiography were
unremarkable. The patients gave an informed written
consent to participate in the study, the details of which
and their role in it had been explained to them.
Seven healthy volunteers with a mean age of 34.7 ±
4.3 (range 29-38) years were also included in the study;
4 were women and 3 men. They had no gastro-intestinal
manifestations in the past or at the time of enrollment in
the study. They gave an informed written consent.
The study was approved by the Review Board and
Ethics Committee of the Cairo University Faculty of
Medicine.
Methods
The pressure response of the DJJ to DD distension was
recorded. The subjects had fasted for 12 h. A condom
was applied to the distal end of a Ryle stomach tube (8
French, Pharma Plast Int AS/UK 3540, Lynge, Denmark)
containing multiple lateral apertures. A string was tied
to each end of the condom so as to fashion a high
compliance balloon between them. To the distal end of
the tube we applied a silver clip for radiologic control. A
mechanical puller for automatic tube withdrawal (9021H,
Disa, Copenhagen, Denmark) was used. The empty
condom and tube were swallowed by the subjects and the
condom was directed to lie in the 1st DD. The tube was
connected to a strain gauge pressure transducer (Statham,
Oxnard, CA, USA).
Simultaneous measurement of the pressure in the
DD, DJJ, and JJ was performed by means of a perfused
open-ended tube: 1 mm internal diameter and 1.5 mm

external diameter. One tube was introduced into each of
the DD, DJJ, and JJ and connected to a Statham pressure
transducer. The position of this manometric tube was
accurately determined under fluoroscopic screening for
the purpose of which 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 DD,
DJJ, and JJ. The condom which was lying in 1st DD was
filled in 2 mL increments with normal saline up to 10 mL,
and the pressures in the DD, DJJ, and JJ were recorded.
The condom was then emptied and managed to lie
successively in the 2nd, 3rd, and 4th DD. In each of these
sites the condom was filled again in increments of 2 mL
of normal saline and up to 10 mL, and the pressures in
the DD, DJJ, and JJ were registered. We did not exceed the
saline fillings of the condom beyond 10 mL for fear of
duodenal injury.
Statistical analysis
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 adapted statistically using the Student’s t test,
and values were given as mean ± standard deviation.
Differences assumed significance at P < 0.05.

RESULTS
Adverse side effects were not encountered during or after
performance of the tests, which were completed in all the
subjects.
Response of DD, DJJ, JJ pressure to DD distension in
the healthy volunteers
The mean resting (basal) pressure in the 1st DD was 8.3
± 1.1, DJJ 17.5 ± 2.9, and in the JJ 8.2 ±1.1 cm H 2O
(Figure 1A, Table 1). The 2nd, 3rd, and 4th DD showed no
significant pressure difference against the 1st DD (P >
0.05). DD distension with 2 and 4 mL of normal saline
did not effect significant pressure changes in the DD, DJJ,
and JJ (P > 0.05, Figure 1A). Six mL balloon distension
of the DD produced significant increase of DD pressure
to a mean of 26.4 ± 5.9 cm H2O (P < 0.01), a decrease of
DJJ pressures to a mean of 6.9 ± 1.1 cm H2O (P < 0.01)
and no significant change in the JJ pressure (P > 0.05;
www.wjgnet.com
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Figure 1 Response of the duodenal (DD), duodeno-jejunal (DJJ), and jejunal (JJ)
pressure to 2 mL (A), 6 mL (B)and 10 mL (C) duodenal balloon distension with
saline in a healthy volunteer. ↑: duodenal balloon distension.

Figure 2 Response of the duodenal (DD), duodeno-jejunal (DJJ), and jejunal (JJ)
pressure to 2 mL (A), 6 mL (B) and 10 mL (C) duodenal balloon distension with
saline in a patient. ↑: duodenal balloon distension.

Figure 1B) and the balloon was dispelled to the JJ. The
pressure in the 2nd, 3rd, and 4th DD did not significantly
change from the resting pressure. DD balloon distension
with 8 and 10 mL of saline produced pressure changes in
the DD, DJJ, and JJ similar to those of the 6 mL balloon
distension (P > 0.05; Figure 1C). When we transferred the
collapsed balloon individually to the 2nd, 3rd, and 4th DD
and distended the balloon as aforementioned, we obtained
results similar to those measured in the 1st DD with no
significant difference (P > 0.05).

pressure changes in the DD, DJJ, and in the JJ similar to
those produced by the 6 mL balloon distension (P > 0.05,
Table 1, Figure 2C). When the balloon in the 1st DD was
emptied and transferred to the 2nd, 3rd, and 4th DD, refilled
with normal saline as aforementioned, and when the test
was repeated in a fashion similar to the one performed in
the 1st DD, we obtained similar results with no significant
difference (P > 0.05).

Response of the DD, DJJ, and JJ pressure to DD distension
in the patients
The mean resting pressure in the 1st DD, DJJ, and JJ did
not differ significantly from that of the healthy volunteers
(P > 0.05); it recorded 7.9 ± 1.1 for the 1st DD, 18.2 ±
2.8 for the DJJ and 8.4 ± 1.1 cm H2O for the JJ (Table 1,
Figure 2A). The resting pressures in the 2nd, 3rd, and 4th
DD were similar to that of the 1st DD (P > 0.05). DD
distension with 2 and 4 mL of normal saline did not
produce significant pressure changes in the DD, DJJ, and
JJ (Table 1). Six mL DD balloon distension resulted in a
significant increase of the 1st DD pressure to a mean of
24.2 ± 5.2 cm H2O (P > 0.01), an increase of DJJ pressure
to a mean of 33.4 ± 4.8 cm H 2 O (P < 0.05), but no
significant JJ pressure changes (P > 0.05; Table 1; Figure
2B); the balloon in the 1st DD moved to the 3rd DD. DD
balloon distension with 8 and 10 mL of saline produced

A recent study has demonstrated the presence of a highpressure zone at the DJJ with a mean length of 1.6 cm[11].
This zone exists between 2 lower pressure zones: the
DD proximally and the JJ distally. It presumably acts as
a physiologic sphincter that seems to be responsible for
delaying the passage of chyme from the DD to the JJ; this
delay has been previously reported by investigators[7-9].
The stomach contents are delivered to the DD in
jets owing to the intermittent opening of the pyloric
sphincter[12]. The chyme boli received from the stomach
presumably accumulate in the DD. When they attain a
certain volume that distends the DD, a duodeno-jejunal
junction inhibitory reflex seems to be evoked which
effects DD contraction and DJJ relaxation with a resulting
expulsion of the DD contents into the JJ[11].
The possible existence of a physiologic sphincter at
the DJJ apparently regulates the flow of chyme from the
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DD to the JJ[11]. Thus, it seems that the DJJ acts to retain
momentarily the DD contents within the DD, supposedly
to allow the time necessary for mixing the chyme with
the duodenal biliary and pancreatic secretions that are
poured into the DD. When this secretions-containing
chyme passes to and distends the JJ, the duodeno-jejunal
excitatory reflex is apparently evoked with a resulting
DJJ contraction[11]. This reflex seems to act to seal the
DJJ upon JJ contraction, probably to avoid reflux of JJ
contents back into the DD.
The DJJ pressure response to rising DD or JJ pressure
as well as the presence of a high pressure zone at the
DJJ would `postulate the existence of a physiologic
sphincter at the DJJ[11]. This sphincter seems to dilate on
DD contraction, and to contract on JJ contraction[11]. The
response of the DJJ to DD or JJ contraction was postulated
to be reflex and mediated through the ‘duodeno-jejunal
junction reflex’[11].
The results of the current study have shown that
the DJJ did not open upon DD distension with small
volumes, thereby presumably retaining the DD contents
in the DD for the biliary and pancreatic secretions to
act upon. The distended condom was considered to
represent a food bolus. In the healthy volunteers the study
demonstrated that the 1st DD distension to a certain level
affected an increase of the DD pressure, a DJJ opening
and the expulsion of the balloon to the JJ. This is in
contrast to the patients, in whom DD balloon distension
to a degree similar to that of the volunteers produced
balloon expulsion to only the 3rd DD; this effect seems
to be due to the DJJ failing to open on DD distension.
We call the failure of the DJJ to open on DD contraction
the ‘duodeno-jejunal junction dyssynergia’ (DJJD). This
condition had been encountered in 9 of 112 (8.03%)
patients who complained of epigastric distension and
discomfort after meals.
The failure of the DJJ to open on DD distension
might explain the cause of the patients’ symptoms. It
appears that chyme, after crossing the pyloric sphincter to
the DD, gets obstructed at the DJJ. The chyme appears
to be retained in the DD and seems to be responsible for
the feeling of the epigastric distension and discomfort and
vomiting that might follow the meals. We did not specify
the pressure level that would initiate the opening of the
DJJ. Probably a greater degree of DD distension could
have provided the answer, but we refrained from excess
balloon distension for fear of duodenal injury.
The question that needs to be discussed now is:
what causes the ‘duodeno-jejunal junction dyssynergia
syndrome’ (DJJDS) to develop? Under normal physiologic
conditions, the DJJ relaxes on DD contraction, an action
mediated through the ‘duodeno-jejunal junction inhibitory
reflex’[11]. It appears that DD distension to a certain degree
stimulates the mechanoreceptors in the DD wall and
the nerve impulses reach the spinal cord. Impulses from
the spinal cord supposedly reach the DJJ and effect its
relaxation. The DJJDS seems to result from a neurogenic
or myogenic defect or a disorder of the neuromuscular
transmission. Although the patients were neurologically
free, yet further investigations into the pathogenesis of the
DJJDS seem to be indicated.
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Patients with DJJDS have to be differentiated from
patients with functional dyspepsia (FD). The latter patients
complain of persistent or recurrent pain or discomfort in
the upper abdomen without evidence of organic disease
likely to explain the symptoms[13]. The symptoms have
been related to visceral hypersensitivity, impaired gastric
accommodation and psychological factors like chronic
stress[14]. However investigations commonly fail to find a
cause[13,14]. Neurohormonal factors might play a role in the
pathogenesis of FD. The secretory ability or the metabolic
condition of ghrelin may be altered in FD patients, leading
to delayed gastric emptying[15]. Also natriuretic peptides
effect inhibitory regulations in gastric motility[16]. Other
disturbances in serum parameters like incretion and
adipocytokines may produce abnormal gastric motility,
too[17]. Furthermore, asymmetric geometry of the pyloric
orifice in concert with intermittent gastric outflow may
affect gastric effluent homogenization with duodenal
secretions[18].
Although the distended condom in the current study
was considered to represent a food bolus, yet a study is
being planned to investigate the effect of a test meal on
pressure recordings in DD, DJJ, and JJ.
In conclusion, the current study has shown that,
in contrast to the healthy volunteers in whom the DJJ
opens on DD distension, the DDJ did not open in the
patients. We call this condition ‘duodeno-jejunal junction
dyssynergia syndrome’ (DJJDS). This condition probably
leads to chyme stagnation in the DD and explains the
clinical manifestations of the patients. The cause of
DJJDS is not known and needs to be studied.
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Abstract
AIM: To conduct a detailed histological study of gastritis
in adult patients attending an endoscopy clinic at a
Kenyan teaching and referral hospital.
METHODS: Biopsy specimens from consecutive
patients were examined and graded according to the
Updated Sydney System for H pylori infection, chronic
inflammation, neutrophil activity, glandular atrophy and
intestinal metaplasia. Also documented were gastric
tissue eosinophil counts and presence of lymphoid
follicles.
RESULTS: The rate of the graded variables, in the
antrum and corpus respectively, were as follows: H pylori
infection (91%, 86%), chronic inflammation (98%, 93%),
neutrophil activity (91%, 86%), glandular atrophy (57%,
15%) and intestinal metaplasia (11%, 2%). Lymphoid
follicles were noted in 11% of cases. Duodenal and gastric
ulcers were documented in 32% and 2% respectively.
The mean eosinophil count was 5.9 ± 0.74 eosinophils/
HPF and 9.58 ± 0.93 eosinophils/HPF in the corpus and
antrum respectively. Significant association was found
between the degree of H pylori colonisation with chronic
inflammation, neutrophil activity and antral glandular
atrophy. Biopsies from the antrum and corpus showed
significant histopathological discordance for all the graded
variables. H pylori negative cases were associated with
recent antibiotic use.
CONCLUSION: The study reaffirms that H pylori is
the chief cause of gastritis in this environment. The
majority of patients show a moderate to high degree
of inflammation but a low degree of glandular atrophy

and intestinal metaplasia. The study shows that interrelationships between the histological variables in this
African population are similar to those found in other
populations worldwide including non-African populations.
© 2007 WJG. All rights reserved.
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INTRODUCTION
H pylori has been implicated in the causation of various
diseases since the Nobel-winning discovery by Warren and
Marshall in 1981[1]. Ample evidence now exists linking the
bacterium to the pathogenesis of chronic gastritis, peptic
ulceration, gastric cancers and gastric MALT lymphoma[2-5].
Over half the world’s population is infected with H pylori
and the infection has been shown to follow a geographic
and socio-demographic distribution [6] . Interestingly
however, the infection rate in various populations does
not parallel the incidence of morbidity caused by the
infection. This has been termed by a number of authors
and commentators as the ‘African enigma’ based on an
apparently low incidence of gastric carcinoma and other
H pylori-associated morbidities in the continent[7,8]. On the
other hand, several commentators and investigators have
questioned the realism of this enigma[9,10]. Both proponents
and opponents of the ‘Africa enigma’, however, concede
that there are insufficient data from the continent to allow
a more critical analysis of the issue.There is thus a need
for more data on gastritis from the African continent.
This study was to provide a detailed histological profile
of patients with gastritis at Kenyatta National Hospital
(KNH) using the histological criteria of the Sydney system
and quantification of gastric tissue eosinophil counts in the
endoscopic biopsies. In this study, we present a detailed
histopathological assessment of gastritis in an African
population within an African setup. There are very few
histological studies on gastritis that have been published
www.wjgnet.com
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from this part of the world. We believe that our findings
will further contribute to the available body of world
literature on gastritis particularly H pylori gastritis.

August 14, 2007

Study design
This was a prospective descriptive cross-sectional study
conducted on consecutive adult patients as per the
inclusion/exclusion criteria. Patients who declined to
give consent, those with gastric cancer and those with
inadequate biopsies were excluded from the study.
The study was conducted in the Endoscopy Unit of
KNH, which is the largest tertiary referral hospital in
Kenya. The unit is the only public hospital endoscopy
facility situated in the capital city of Nairobi.
Patients
A total of 71 consecutive patients were enrolled in this
study between February and May 2004 through the
Endoscopy Clinic at KNH. Of the 71 cases enrolled,
five were excluded from the study on the grounds of
inadequate tissue for proper examination. One patient was
found to have normal gastric mucosa on histology and was
also excluded from the study as this study was confined to
patients with histological evidence of gastritis.
Of the 65 patients with histological gastritis analysed
in this study, 32 were males and 33 females (male to female
ratio: 1:1). The mean age was 43 years (± 16 years) with
a median age of 42 years and an age range of 18 to 86
years. The majority of the patients reported symptoms
consistent with dyspepsia (94%). Many of the patients
used medication within three months preceding the
endoscopy, including antacids in 70%, anti-secretory drugs
in 63% (H 2-antagonists and proton pump inhibitors),
antibiotics in 53% and H pylori-eradication treatment in
11%. The endoscopists reported gastritis in 77% of the
patients, duodenitis in 32%, duodenal ulcer (DU) in 27%
and gastric ulcer (GU) in one patient (2%).
Methods
Histological examination was done on formalin-fixed 4
µm-thick paraffin sections from the corpus and antrum
mucosa, 52% of the patients had 3-site biopsies (one
from the corpus and two from the antrum including the
incisura angularis), while 48% had 2-site biopsies from the
antrum and corpus respectively. Five patients did not have
histologically-confirmed biopsies from the corpus. The
assessment was done on HE-stained sections as per the
Sydney System for graded variables of gastritis employing
visual analogue scale charts[11]. Gastric tissue eosinophil
count was recorded as the number of cells per × 400 high
power field (HPF) using an Olympus Provis AX 70 with a
field size of 0.344 mm2. Modified-Giemsa stained sections
were used for H pylori assessment[12]. The assessment was
supervised and checked by an experienced consultant with
over 15-year experience. At least 10 cases were randomly
reviewed by an independent pathologist as part of quality
assurance in the study.
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Table 1 Frequency of graded histological variables in patients
with gastritis n (%)
Variable

MATERIALS AND METHODS

Volume 13

Score
0
Corpus (n = 59) 4 (7)
Chronicity
Antrum (n = 65) 1 (2)
Corpus (n = 59) 11 (19)
Activity
Antrum (n = 65) 9 (14)
Corpus (n = 59) 50 (85)
Atrophy
Antrum (n = 65) 28 (43)

1
14 (24)
7 (11)
13 (22)
5 (8)
7 (12)

2
18 (30)
29 (44)
13 (22)
25 (38)
2 (3)

27 (42)

10 (15)

Corpus (n = 59) 58 (98)

1 (2)

0
0

Antrum (n = 65) 58 (89)

6 (9)

1 (2)

27 (46)
26 (40)

15 (25)
22 (34)

Metaplasia

H pylori

Corpus (n = 59)
Antrum (n = 65)

8 (14)
6 (9)

3
23 (39)
28 (43)
22 (37)
26 (40)
0
0
0
0
0
0
0
9 (15)
11 (17)

Statistical analysis
Chi-square test and Mann-Whitney U test were used to
analyze differences and compare variables between various
groups. Wilcoxon signed-rank test was used to compare
histological findings between the related variables from
the antrum and corpus. The eosinophilc counts were
transformed to base 10 to make variation constant before
subjected to statistical measures of associations. P < 0.05
was considered statistically significant (respective values
shown). SPSS® version 10 was used for statistical analysis.

RESULTS
Gastric biopsies from 65 patients met the inclusion/
exclusion criteria and were analyzed in the study. Most
of the biopsies showed a moderate to severe degree of
chronic inflammation and neutrophil activity (Table 1).
A total of 59 cases (91%) had histological evidence
of H pylori infection, 59 (91%, n = 65) antrum infection
and 56 (86%, n = 59) corpus infection. Most of the cases
showed a mild degree of colonization by H pylori (40%
and 46% for the antrum and corpus respectively). Severe
colonization was seen in 17% and 15% of the cases
respectively. Only 6 cases (9%) were H pylori negative, of
them 4 recalled a history of antibiotic use within a month
preceding the endoscopy but showed moderate to severe
inflammation and neutrophil activity in the absence of
H pylori, 2 having no history of antibiotic use had mild
chronic inflammation but no neutrophil activity.
Glandular atrophy in the antrum was seen in 37 cases
(57%), of them 27 (42%) were of mild degree and 10 (15%)
moderate degree. Severe atrophy was not seen. Glandular
atrophy in the corpus was seen in 7 cases (11%). A total
of seven cases (11%) had antral intestinal metaplasia,
one of them had concurrent mild intestinal metaplasia
in the corpus. All but two of the cases showing intestinal
metaplasia were of mild degree. No case of severe
intestinal metaplasia was noted.
Significant association was found between the degree
of H pylori colonisation and chronic inflammation in the
corpus and antrum (corpus: P = 0.012, antrum: P = 0.032),
as well as between H pylori colonisation, neutrophil activity
and inflammation (corpus: P = 0.000, antrum: P = 0.032).
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Table 2 Stratifying graded variables in relation to the presence
of duodenal ulcer n (%)
Histology
variable

Site

Corpus
(P = 0.445)
Chronic
inflammation Antrum
(P = 0.732)
Corpus
Active
(P = 0.008)a
inflammation Antrum
(P = 0.061)

Category

0

DU - ve
3 (7)
DU + ve 1 (6)
Du - ve
1 (2)
DU + ve 0
Du - ve 10 (24)
DU + ve 1 (6)
Du - ve
9 (19)
DU + ve 0

1
12 (29)
2 (11)
6 (13)
1 (6)
12 (29)
1 (6)
5 (11)
0

2
12 (29)
6 (33)
21 (45)
8 (44)
5 (12)
8 (44)
15 (32)
10 (56)

3
14 (34)
9 (50)
19 (40)
9 (50)
14 (34)
8 (44)
18 (38)
8 (44)

n
41 (100)
18 (100)
47 (100)
18 (100)
41 (100)
18 (100)
47 (100)
18 (100)

Table 3 Distribution of eosinophils in the antrum and corpus
Eosinophils/HPF
0
1-5
6-10
11-15
16-20
> 20
Mean
Standard error of mean
95% confidence interval

Frequency
Antrum
1
28
15
9
7
6
9.6
0.93
4.42-7.38

Corpus
7
31
8
11
3
1
5.9
0.74
7.72-11.74

DU + ve: patients with duodenal ulcer; DU - ve: patients without duodenal
ulcer. aP < 0.05 vs antrum.

Glandular atrophy was significantly associated with H pylori
colonisation in the antrum but not in the corpus (antrum:
P = 0.031, corpus: P = 0.868). Intestinal metaplasia did
not show any significant association with any of the other
graded variables.
Biopsies from the antr um and cor pus showed
significant histopathological discordance as demonstrated
using Wilcoxon signed-rank test comparing respective
scores. The antrum consistently showed higher grades
for all the graded parameters than the corpus: chronic
inflammation (P = 0.010), activity (P = 0.013), intestinal
metaplasia (P = 0.034) and H pylori (P = 0.002). Significant
discordance was also observed between multiple antral
biopsies from patients who had more than one antral biopsy.
There was significant discordance for atrophy (P = 0.011) in
39 cases showing different scores. A difference in intestinal
metaplasia was only recorded in one biopsy not being
statistically significant (P = 0.317), demonstrating that multiple
antral biopsies increase statistical probability for detecting
glandular atrophy, but are not helpful for intestinal metaplasia
owing to the low rate and degree of intestinal metaplasia.
Duodenal ulcer was significantly associated with higher
grades of active inflammation in the corpus (P = 0.008)
but not in the antrum (P = 0.061, Table 2). The association
between duodenal ulcer and each of the other graded
variables was not significant: chronic inflammation (antrum:
P = 0.732; corpus: P = 0.445), glandular atrophy (antrum:
P = 0.837; corpus: P = 0.527), intestinal metaplasia (antrum:
P = 0.083; corpus: P = 0.504), and H pylori (antrum:
P = 0.498; corpus: P = 0.369). No statistically significant
association was found between any of the histological and
endoscopic parameters with age or gender.
Significant association was demonstrated for chronic
inflammation in the antrum with the use of proton pump
inhibitors (P = 0.048), antibiotics (antrum P = 0.028) and
eradication therapy (antrum: P = 0.023). Patients on these
drugs exhibited lower grades of chronic inflammation in
the antrum. The association was also significant between
chronic inflammation and proton pump inhibitors in the
corpus (P = 0.027) but not between antibiotics (P = 0.240)
or eradication therapies (P = 0359). None of the above
drugs showed any significant association with the other
graded variables including active inflammation. Histamine
receptor blockers and antacids did not show any significant
association with the presence of duodenal ulcer.

The mean gastric tissue eosinophil count was 9.6
eosinophils/HPF and 5.9 eosinophils/HPF in the corpus
and antrum respectively (Table 3). The highest density
observed was 23 eosinophils/HPF in the corpus and
31 eosinophils/HPF in the antrum. Duodenal ulcer was
associated with higher eosinophil counts in the corpus
(P = 0.031). The eosinophil count was significantly
associated with chronic inflammation and activity
(P = 0.000 for both antrum and corpus), as well as
H pylori colonization (antrum: P = 0.002; corpus: P = 0.012).
Glandular atrophy was not associated with intestinal
metaplasia.
Seven (11%) and three (5%) of the patients had
lymphoid follicles within the lamina propria of antral and
corpus biopsies respectively. Of the three patients with
lymphoid follicles in the antrum, two had concurrent
lymphoid follicles in the corpus biopsies. Mild dysplasia
was found in 1 case and moderate dysplasia in 2 cases
respectively, representing 5% of the patients. All these
patients had H pylori infection.

DISCUSSION
The histopathology results from this study provide further
evidence that H pylori-associated gastritis is the most
common etiopathological type of gastritis among adults
presenting to this main referral hospital in Kenya. The rate
of 91% is consistent with high prevalence rates reported
from previous endoscopic studies in the same hospital. A
study around the same period as this study found H pylori
positivity in 69% of patients with dyspepsia using the rapid
urease test[13]. A previous study in the same setting found a
rate of up to 73% and 85% among dyspeptic patients with
and without HIV respectively[14]. Our high pickup rate of
H pylori gives credence to histology as a sensitive method
for diagnosing the bacterium, with the added advantage of
enabling morphological assessment of the mucosa. It is,
however, noted that antibiotic use prior to endoscopy may
affect the sensitivity of histological diagnosis of H pylori in
gastric biopsies.
The findings in this study reaffirm that H pylori is
causally associated with chronic inflammation, neutrophil
activity and glandular atrophy in the stomach. The findings
are similar to those reported from elsewhere around
the world. The study also highlights that gastritis in this
environment is mainly antral-predominant with significant
discordance in the severity of graded variables between
www.wjgnet.com
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antral and corpus biopsies. The majority of patients
undergoing endoscopy in this setting were seen to have
moderate to severe gastritis, but much lower rates and
severity of glandular atrophy and intestinal metaplasia.
These findings are in agreement with the results from
several other studies in similar environments[15]. Studies
done in other parts of Africa have shown a mean rate of
28% for glandular atrophy (range 14%-70%) and 14% for
intestinal metaplasia (2%-24%) respectively.
The low rate of severe glandular atrophy and intestinal
metaplasia is important because progression of these
variables has been linked to the development of gastric
cancer[16]. The average age of our patients is much lower
than that of patients from areas with a high incidence of
H pylori-associated gastritis and gastric cancer. Nevertheless,
in this study no association was found between the various
histological parameters and age. An extensive collaborative
study comparing various histological parameters with age
and gender matched subjects from other regions would
certainly be very informative[17,18].
Low incidence of gastric cancer is also associated with
a low rate of GU as opposed to DU, a low rate and degree
of glandular atrophy and intestinal metaplasia, and higher
rates of corpus-predominant versus antral predominant
gastritis[19]. In Africa, a wide range of DU: GU ratios have
been reported varying from 3:1 to 15-20:1[9]. In this study,
we found a strikingly low rate of GU compared to DU, a
low degree of glandular atrophy, a markedly low rate of
intestinal metaplasia, as well as antral-predominant gastritis
in this population. The DU:GU ratio in this study is 13.5:1.
The DU:GU ratio from previous studies in the same
setting ranged from 11.5:1 in adults of all ages[20] to 3:1 in
the young and 1:1 in patients over 50 years[21].
Unfortunately, the data are insufficient to establish
the true incidence of gastric cancer in Kenya. However,
the indirectly adjusted figures between 1991 and 1993
estimated an annual average crude incidence rate of 7.01
for per 100 000 males and 3.7 for females (compared
to a world age-standardised rate, 14.3 for males and 7.1
for females)[22]. We are thus inclined to believe that the
low rate of glandular atrophy, intestinal metaplasia and
GU is similar to other parts of the world where the so
called Africa enigma has been observed. As yet to be
fully determined, host genetic, bacterial virulence and
environmental factors underlie this enigma by affecting
the progression of infection to neoplasms [23]. Further
study needs to be conducted in order to elucidate the
pathological basis of the disparity in the incidence of
H pylori-associated glandular atrophy, intestinal metaplasia
and gastric cancer among various populations of the
world.
Lastly, this study demonstrated that gastric tissue
eosinophils were significantly associated with the
severity of chronic inflammation, neutrophil activity and
bacterial colonisation[24]. Similar observations have also
been reported by several other workers including recent
experimental studies[25]. We are of the opinion that the
body of knowledge on eosinopils in gastritis has grown
sufficiently since the introduction of the Sydney System,
and that more attention needs to be given to the utility of
quantitative evaluation of eosinophils in gastritis. Because
www.wjgnet.com

August 14, 2007

Volume 13

Number 30

they are easily identifiable in the gastric mucosa, eosinophil
counts may serve as a useful surrogate marker of the
severity of inflammation in H pylori-associated gastritis.
H pylori is the chief cause of gastritis amongst patients
presenting for endoscopy in Kenya. The majority of such
patients have a high degree of chronic inflammation,
neutrophil activity and H pylori infection. Quantitative
evaluation of eosinophils may serve as an important
surrogate marker of the severity of inflammation in
H pylori gastritis. Gastritis in this population is significantly
antral-predominant, while glandular atrophy, intestinal
metaplasia and gastric ulcer are seen to occur at a relatively
low rate. Our findings mirror those from other parts of
the world with a low incidence of gastric cancer in high
H pylori-prevalent populations. More studies specifically
comparing various histological parameters with age and
gender matched subjects from other regions are needed.
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(range 8-36) mo, Kaplan-Meier survival analysis showed
significant improvements in median survival (22.86 ± 3.17
mo, 95% CI: 16.64-29.08 mo vs 18.00 ± 7.4 mo, 95%
CI: 3.33-32.67 mo) of patients with negative lymph node
micrometastases over patients with positive lymph node
micrometastases (log-rank, P < 0.05).
CONCLUSION: Lymph node micrometastases have
a significant impact on the current staging system of
gastric carcinoma, and are significant risk factors for
prognosis of patients with gastric carcinoma.
© 2007 WJG . All rights reserved.
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Abstract
AIM: To evaluate the relationship between lymph
node micrometastases and prognosis of patients with
gastric carcinoma and to evaluate the significance of
the new assessment of nodal status in determining
the pN categories in the 5th edition of the UICC TNM
classification.
METHODS: A total of 850 lymph nodes from 30 patients
with gastric carcinoma who underwent gastrectomy
with lymphadenectomy were assessed by reverse
transcription polymerase chain reaction assay in addition
to histologic examination. Cytokeratin-20 gene marker
was used in this assay.
RESULTS: R o u t i n e e x a m i n a t i o n b y H E s t a i n i n g
confirmed metastasis in 233 lymph nodes from 20
patients. All these 233 lymph nodes were cytokeratin-20
positive. Moreover, lymph node micrometastases were
detected in an additional 67 lymph nodes in 12 of these
20 patients. Lymph node micrometastases were also
detected in 10 lymph nodes from 2 of 10 patients who
had no obvious metastases identified by HE staining.
Totally, lymph node micrometastases were identified
by the reverse transcription polymerase chain reaction
assay in 77 (12.5%) lymph nodes from 14 (46.7%)
patients with gastric carcinoma. Of 27 patients who
underwent curative resection, 7 (25.9%) were up-staged
(fromⅠB stage to Ⅱ stage in 1 patient, from IB stage
to ⅢA stage in 1 patient, from Ⅱ stage to ⅢA stage
in 1 patient, from ⅢA stage to ⅢB stage in 1 patient,
from ⅢA stage to Ⅳ stage in 1 patient, from ⅢB stage
to Ⅳ stage in 2 patients). In a median follow-up of 32
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INTRODUCTION
Gastric carcinoma is one of the most common malignancies
in China and lymph node metastasis is the most important
-��
3]
prognostic factor for gastric carcinoma[1���
. It was reported
that some patients with gastric carcinoma despite undergoing
curative resection of the tumor and regional lymph nodes
-��
6]
still die of a recurrence[4���
. To some degree, the fact may
suggest the presence of lymph node micrometastases
overlooked by the conventional histopathological
examination. Recent advances in immunohistochemical
and molecular biologic techniques have made it possible
to detect lymph node micrometastases not evidenced by
-���
12]
routine HE evaluation[7����
. However, the effect of detection
of lymph node micrometastases on determining the current
staging system and prognosis of gastric carcinoma has not
yet been extensively evaluated. Therefore, the aim of this
study was to evaluate the significance of the new assessment
of nodal status in determining the current staging system
of gastric carcinoma. The relationship between lymph
node micrometastases and prognosis of patients with
gastric carcinoma was also evaluated. In this report,
“micrometastasis” in regional lymph nodes was defined as
metastasis that was detected only by RT-PCR assay rather
than by ordinary HE staining.
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MATERIALS AND METHODS

1.1

Patients and specimens
The presence of lymph node micrometastas�������
e������
s was
detected in the 850 dissected lymph nodes from 30 patients
with gastric carcinoma who underwent gastrectomy at the
Department of Gastrointestinal Pancreatic Surgery, Sun
Yat-Sen University of Medical Sciences. There were 17
men and 13 women, ranging in age from 26 to 82 years,
with a mean age of 56.8 years. None of these patients
received preoperative chemotherapy or radiotherapy.
Total gastrectomy was performed in 16 patients, distal
subtotal gastrectomy in 13 patients, and proximal subtotal
gastrectomy in 1 patient. One patient underwent D1
lymphadenectomy, 22 patients D2 lymphadenectomy, 4
patients D3 lymphadenectomy, and 3 patients palliative
resection. According to the Lauren’ criteria, 19 tumors
were classified as diffusive type carcinomas and 11 tumors
as intestinal type carcinomas. Depth of tumor invasion and
extent of lymph node metastasis were classified according
to UICC TNM classification.
Half of each resected lymph node was fixed in
10% formalin and embedded in paraffin for routine
histopathological examination. The other half was stored
in 1��������������
m������������
�������������
L�����������
RNA later �������������
(Sigma, USA) ����
at 4℃ overnight, then
transferred to a clean freezing tube and stored at 70℃ for
RNA extraction.

1.0

RNA extraction
Lymph node samples were homogenized in 1 mL of Trizol
reagent (Invitrogen) per 50-100 mg of tissue using a power
homogenizer. RNA extraction was carried out according
to the protocol recommended by the manufacturer. Total
RNA was dissolved in diethylpyrocarbonate-treated water
and the volume and quality of RNA were then assessed
with an ultraviolet spectrophotometer.
Access RT-PCR
Complementary DNA (cDNA) was synthesized and
amplified from total RNA using the Access RT-PCR
system (Promega). The primer sequences used for CK-20
detection are 5’-ggtcgcgactacagtgcatattaca-3’(sense) and
5’-cctcagcagccagtttagcattatc-3’ (anti-sense) [13,14]. cDNA
synthesis was monitored by beta-actin RT-PCR using the
following primers: 5’-caaatgcttctaggcggact -3’(sense) and 5’atgctatcacctcccctgtg -3’(anti-sense). RT-PCR was performed
in a 25� μL reaction mixture containing 11� μL nuclease-free
water, 5� μL 5 × reaction buffer, 0.5� μL dNTP (10����������
���������
m��������
mol/L���),
0.5� μL each of beta-actin primers (20� μmol/��������
), 1.25� μL each
of CK-20 primers (10� μmol/�����
), 1� μL MgSO4 (25��������
�������
m������
mol/��
),
0.5� μL AMV reverse transcriptase (5���
��
u/μL), 0.5� μL Tfl DNA
polymerase (5���
u/
��μL), and 3� μL RNA sample. The Access
RT-PCR condition was set up as follows: 1 cycle at 48℃
for 45 min (reverse transcription), 1 cycle at 94℃ for 2 min
(AMV RT inactivation), followed by 40 cycles at 94℃ for 30
s (denaturation, at 62℃ for 1 min (annealing) and at 68℃
for 1.5 min (extension), then a final extension at 68℃ for
7 min. The resultant cDNA products of CK-20 and betaactin were 121 base pairs and 381 base pairs, respectively.
The RT-PCR products were analyzed by electrophoresis on
2% agarose gels stained with ethidium bromide.
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Figure 1 Correlation between lymph node micrometastases and survival of
patients with gastric carcinoma (Kaplan-Meier survival analysis).

Statistical analysis
The����������������������������������������������
relationship between lymph node micrometasta�
s�������������������������������������������������������
e������������������������������������������������������
s and survival
������������������������������������������������
of
���������������������������������������
patients
������������������������������������
with gastric carcinoma was
evaluated������������������������������������������������
�����������������������������������������������
by ��������������������������������������������
Kaplan-Meier survival analysis��������������
and log-rank
test.� P� < 0.05 was considered statistically significant.

RESULTS
Routine examination by HE staining confirmed metastasis
in 233 lymph nodes from 20 patients. All these 233
lymph nodes were cytokeratin-20 positive. Moreover,
lymph node micrometastases were detected in an
additional 67 lymph nodes in 12 of these 20 patients.
Lymph node micrometastas����������������������������
e���������������������������
s w������������������������
ere���������������������
also detected in 10
lymph nodes from 2 of 10 patients who had no obvious
metastases identified by HE staining. Totally, lymph node
micrometastas��������������������������������������������
e�������������������������������������������
s w����������������������������������������
ere�������������������������������������
identified by reverse transcription
polymerase chain reaction assay in 77 (12.5%) lymph
nodes from 14 (46.7%) patients with gastric carcinoma. Of
27 patients who underwent curative resection, 7 (25.9%)
were up-staged (fromⅠB stage to Ⅱ stage in 1 patient,
fromⅠB stage to ⅢA stage in 1 patient, from Ⅱ stage to
ⅢA stage in 1 patient, from ⅢA stage to ⅢB stage in 1
patient, from ⅢA stage to Ⅳ stage in 1 patient, from ⅢB
stage to Ⅳ stage in 2 patients). In a median follow-up of
32 (range 8-36) mo, Kaplan-Meier survival analysis showed
significant improvements in median survival (22.86 ± 3.17�
m��������������������������
o�������������������������
, 95% CI: 16.64����������
-���������
29.08����
m��
���
o� vs 18.00 ± 7.48�����
m�������
��������
o������
, 95%
����
CI: 3.33�����������
-����������
32.67�����
m���
����
o��) �������������������������������������
of patients with negative lymph node
micrometastas������������������������������������������
e�����������������������������������������
s over patients with positive lymph node
micrometastas��������������������������������������������
e�������������������������������������������
s. The difference between these two groups
was statistically significant (log-rank, P < 0.05) (����������
�����������
Figure����
1��
���
).

DISCUSSION
Despite improved surgical treatment, the prognosis of
-���
19]
gastric cancer remains poor currently[15����
. pN category is
one of the most important prognostic factors for gastric
carcinoma. The pN classification of gastric carcinoma,
based on the number of metastatic lymph nodes, has been
adopted by the current American Joint Committee on
Cancer/International Union Against Cancer (AJCC/UICC)
TNM staging system. According to the AJCC/UICC pN
categories, Hundahl et al[20] reported that stage-stratified
www.wjgnet.com
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5 and 10-year survival rates of patients with gastric
carcinoma are as follows: stageⅠA, 78%/65%; stageⅠB,
58%/42%; stage Ⅱ, 34%/26%; stage ⅢA, 20%/14%;
stage ⅢB, 8%/3%; and stage Ⅳ, 7%/5%. Kodera et al[21]
also reported that the number of metastatic nodes after
D2 lymphadenectomy reflects prognosis well and is a
strong independent prognostic factor for gastric carcinoma
as shown by multivariate analysis. Histopathological
examination of resected lymph nodes using HE staining
has been the gold standard for diagnosis of lymph node
metastasis. However, micrometastases consisting of one
to a few cells in lymph nodes resected during gastrectomy
are often overlooked by the conventional histopathological
method. Therefore, the purpose of this study was to
evaluate the significance of detection of lymph node
micrometastases in determining the current staging system
of gastric carcinoma. The relationship between lymph
node micrometastases and prognosis of patients with
gastric carcinoma was also evaluated.
Recent advances in immunohistochemical and molecular
biologic techniques have made it possible to detect
lymph node micrometastases not evidenced by routine
HE staining. It was reported that micrometastases are
identified in regional lymph nodes from 28%����������
-���������
68.1% of
-���
26]
patients[22����
. In the current study, we applied the reverse
transcription polymerase chain reaction assay to detect
micrometast��������������������������������������
a�������������������������������������
ses in the lymph nodes resected from ���
30
cases of stage Ⅰ- Ⅳ gastric carcinomas. Totally, lymph
node micrometastases were identified in 77 (12.5%) lymph
nodes from 14 (46.7%) patients with gastric carcinoma.
The tumor stage was upgraded in 25.9% (7/27)
������� ������������
of patients
who underwent curative resection. Similar to our results,
Okada et al[13] assessed 435 lymph nodes from 28 patients
with gastric carcinoma who underwent gastrectomy with
lymphadenectomy using the multiple-marker RT-PCR assay
in addition to histologic examination. Of 28 patients who
underwent curative resection, the disease stage was upgraded
in 10 patients by genetic diagnosis (from Stage ⅠA to Stage
ⅠB in 5 patients, from StageⅠB to Stage ⅢA in 2 patients,
from StageⅠB to Stage Ⅳ in 1 patient, from StageⅠB to
Stage Ⅱ in 1 patient, and from Stage Ⅱ to Stage ⅢB in 1
patient). Lee et al[8] applied AE1/3 immunohistochemical
staining to detect micrometastases in 3625 regional lymph
nodes that were dissected in gastrectomy specimens
from 153 patients with early-stage gastric carcinoma (46
patients) and advanced gastric carcinoma (107 patients).
Micrometastases were identified in 191 lymph nodes from
75 patients. Twenty-eight of those patients were up-staged.
These results indicate that much careful assessment of the
lymph node status must be followed in the histopathological
examination of resected specimens. Lymph node
micrometastases may improve the current staging system of
gastric carcinoma and should be validated in future trials as
an alternative clinical index.
The prognostic value of lymph node micrometastases
for patients with gastric carcinoma is still controversial.
Ishida et al [23] reported that gastric carcinomas with
micrometastases have significantly worse prognoses at
stage Ⅱ. Lee et al[8] also reported that patients with lymph
node micrometastases have a decreased 5-year survival
rate (49%) compared with patients without lymph node
www.wjgnet.com
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micrometastases (76%) for both early and advanced
gastric carcinoma. However, Fukagawa et al[27] reported
that the presence of immunohistochemically-detected
micrometastases in regional lymph nodes does not affect
the survival of Japanese patients with pT2N0M0 gastric
carcinoma who have undergone gastrectomy with D2
lymph node dissection. The 5-year and 10-year survival
rates of patients with and without micrometastases were
94%/79% and 89%/74%, respectively. The differences
were not statistically significant (P > 0.05). Our results
showed significant improvements in median survival
(22.86 ± 3.17� ��������������������������
m�������������������������
����
o������������������������
, ����
95% ����
CI: ��������������
16.64���������
-��������
29.08���
��
m�
o vs 18.00 ± 7.48�
m�����������
o����������
, 95% CI: ���������������
3.33�����������
-����������
32.67�����
����
m���
o��) of
��������������������������
patients with negative
lymph node micrometastas�������������������������������
e������������������������������
s over patients with positive
lymph node micrometastas���������������������������
e��������������������������
s. The difference between
these two groups was statistically significant (log-rank, P <
0.05). These conflicting observations may be explained by
the small sample size and selection bias. To draw a further
conclusion, larger sample and multi�����������������������
-����������������������
cent������������������
er����������������
investigations
on gastric carcinoma are needed.
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Abstract

INTRODUCTION

AIM: To investigate the expression and significance
of G3BP and RhoC proteins in esophageal squamous
carcinoma (ESC).

Many patients with esophag eal carcinoma are in
intermediate or advanced stage when they see doctors.
Because of this, early diagnosis, early treatment and
energetic prevention are very important for esophageal
carcinoma. The current routine examination methods are
insufficient for the diagnosis of small cancer focus and
metastatic focus when they are in subclinical stage. But the
detection of tumor markers can retrieve the insufficiency
of examination methods. The tumor markers not only can
be used for the early diagnosis of cancer, but also for posttreatment follow-up, recurrence detection, therapeutic
effect evaluation and prognosis monitoring.
G3BP (Ras-GTPase-activiting protein SH 3 domain
binding protein) and RhoC (Ras homolog y C) were
overexpressed in many kinds of malignant tumors, which
was closely related to the invasion and metastasis of
tumor cells. Up to date, there has been no study in the
relationship between G3BP and esophageal carcinoma.
For RhoC, researches have been available in esophageal
carcinoma tissues, but without follow-up data[1]. In the
current study, we investigated the expression of G3BP and
RhoC proteins in esophageal squamous carcinoma (ESC)
by immunohistochemistry, and explored the relationship
between the expression of the two proteins and biological
behaviour of ESC and post-operative survival time.

METHODS: The expression of G3BP and Rhoc
proteins in 80 cases of ESC was detected by
immunohistochemistry. The relationship was studied
between the expression of the two proteins and tumor
size, differentiation degree, TNM stage, lymph node
metastasis and prognosis of ESC.
RESULTS: The positive expression rate of G3BP in ESC
was 71.25%; and the rate in the lymph node metastasis
group was significantly higher than that in the nonlymph node metastasis group (Z = -2.283, P = 0.022),
but no relations were found between G3BP expression
and tumor size, differentiation degree and TNM stage
(P > 0.05). The group with G3BP positive expression
had shorter survival time than the group with G3BP
negative expression (P = 0.000). The positive expression
rate of RhoC in ESC was 66.25%; and the rate in the
lymph node metastasis group was significantly higher
than that in the non-lymph node metastasis group (Z =
-2.115, P < 0.05), but no relations were found between
RhoC expression and tumor size, differentiation degree
and TNM stage (P > 0.05). The RhoC positive expression
group had a shorter survival time than the RhoC negative
expression group (P < 0.001. The expression of G3BP
protein correlated positively with the expression of RhoC
in ESC tissues (r s = 0.656, P < 0.001).
CONCLUSION: The expression of G3BP and RhoC
protein is closely related to the lymph node metastasis
and survival in ESC patients. G3BP and RhoC proteins can
be considered as predictors of prognosis in ESC patients.
www.wjgnet.com

MATERIALS AND METHODS
Patients
Eighty ESC patients (65 men and 15 women; mean age
59 years, range 38-84 years) who underwent operation in
the Department of Cardiothoracic Surgery of Second
Affiliated Hospital to Sun Yat-Sen University were studied.
None of the patients had received any preoperative

Zhang HZ� et al . G3BP and RhoC in ESC

4127

Figure 1 Expression of G3BP protein detected by immunohistochemical staining
in esophageal squamous carcinoma (DAB-hematoxylin staining, × 200).

Figure 2 Expression of RhoC protein detected by immunohistochemical staining
in esophageal squamous carcinoma (DAB-hematoxylin staining, × 200).

treatment. The follow-up times are more than 28 mo. Of
the 80 patients, 58 were dead, and 22 still alive. The postoperative survival time of the dead patients were between
1.5 and 63 (mean 17.2) mo. Tissue specimens were fixed
promptly with 100 g/L formaldehyde solution, embedded
in paraffin and cut into 4 µm sections.

The comparison of rate was performed by the rank sum
test (Kruskal Wallis and Wilcoxon’s test). Postoperative
prognosis was evaluated by the Kaplan-Meier method
and compared between groups by the log-rank test. The
relationship of the expression of G3BP and RhoC was
analysed by Chi-square test. Differences were considered
as significant when the P value was less than 0.05. All
statistical analyses were performed using SPSS Win
program package 11.5.

Immunohistochemistry
The two-step method was used to detect the expression
of G3BP and RhoC. The mouse monoclonal antibody
against human G3BP was purchased from Department
of Pathology, Health Science Center, Peking University,
Beijing, China. PowerVision TM Two-Step Histostaining
Reagent (PV-6002) and DAB Reagent were purchased
from Beijing Zhongshan Golden Bridge Biotechnology
Company, Beijing, China. The goat polyclonal antibody
against human RhoC was purchased from Santa Cruz
Company. The HRP conjugated rabbit anti-goat IgG was
purchased from Boster Biotechnology Company.
All sections were deparaffinnized and dehydrated with
graded alcohol. Endogenous peroxidase was then blocked
with 3 mL/L hydrogen peroxide methanol for 10 min
at room temperature. Antigen retrieval was performed
by treating the slides in citrate buffer in a microwave for
15 min. The sections were cooled for 20 min at room
temperature, and then washed with distilled water for
3 × 5 min. The slides were incubated in a moist chamber
with G3BP mouse monoclonal antibody (1:50) and RhoC
goat polyclonal antibody (1:100) at 37℃ for 2 h. After
a complete wash in PBS, the slides were treated with
the HRP conjugated goat anti-mouse IgG and the HRP
conjugated rabbit anti-goat IgG (1:100) respectively for 25
min at 37℃. After a complete wash in PBS, the slides were
developed in 0.05% freshly prepared diaminobenzedine
solution (DAB) for 10 min, and then counterstained
with hematoxylin, dehydrated, air-dried, and mounted.
PBS was used to substitute the primary antibody as
a negative control. Positive staining with G3BP and
RhoC was defined as brown staining of cytoplasm. The
determination was performed by two persons.
Statistical analysis
We used the t test for the comparison of tumor size.

RESULTS
Expressions of G3BP and RhoC in esophageal squamous
carcinoma
Immunohistochemical staining showed that G3BP was
expressed in 57 (71.25%) of 80 cases and RhoC was
expressed in 53 (66.25%) of 80 cases (Figure 1 and Figure
2).
Correlation between expressions of G3BP and RhoC
protein and clinicopathological features in ESC
The expression rates of G3BP and RhoC protein in the
lymph node metastasis group were significantly higher than
those in non-lymph node metastasis group (Z = -2.283, P <
0.05; Z = 2.115, P < 0.05, respectively), but no relation was
found between the two proteins expression and tumor size,
differentiation degree and TNM stage (P > 0.05) (Table 1).
Correlation between G3BP and RhoC expressions and
survival of ESC patients
As shown by the Kaplan-Meier curve, both G3BP and
RhoC, the overall survival rates of the positive expression
group were significantly lower than those of the negative
expression group (P < 0.001) (Figure 3 and Figure 4).
Correlation between expression of G3BP and RhoC
proteins in ESC
Among the 80 cases, 49 cases had positive expression of
both G3BP and RhoC, 19 cases had negative expression
of G3BP and RhoC, 8 cases had positive expression of
G3BP, and 4 cases had positive expression of RhoC.
There was positive correlation between the two proteins
expression (rs = 0.656, P < 0.001).
www.wjgnet.com
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1.2

Table 1 Relationship between expression of G3BP and RhoC
protein and clinicopathological features

+

Variables

n

-

RhoC
+

Tumor size (cm)
5.0 ± 2.1 5.7 ± 2.9
Differentiation
Well
43
14
29
Mediate
24
6
18
Low
13
3
10
TNM stage
Stage 1
2
2
0
Stage 2
47
15
32
Stage 3
23
5
18
Stage 4
8
1
7
Lymph node metastasis
No
43
17
26
Yes
37
6
31

P

-

P

+

0.265 5.1 ± 2.0 5.7 ± 3.0 0.396
0.717

17
7
3

26
17
10

0.469

0.083

2
17
6
2

0
30
17
6

0.182

19
8

24
29

0.034

Accumulative survival rate (%)

1.0
G3BP

0.8

0.6

0.4

0.2

0.0
0.022

-

0

   20

40
60
Survival time/mo

80

100

Figure 4 Relationship between expression of RhoC protein and patients’ survival
time after operation.
g3bp
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Figure 3 Relationship between expression of G3BP protein and patients’ survival
time after operation.

DISCUSSION
Effect of G3BP expression in ESC on clinical prognosis
G3BP was first isolated by Parker from the Chinese
hamster lung fibroblasts in 1996[2]. It is comprised of 466
amino acids, and located in the cytoplasm. Experiment
confirmed that G3BP promotes S phase entry in cultured
fibroblasts [3]. According to recent researches, G3BP is
the unique protein that could bind with Ras-GTPaseactiviting protein SH3 domain. The effects of Ras signal
transduction pathway in the tumorigenesis and metastasis
have been confirmed [4]. In the Ras signal transduction
pathway, Ras-GTPase-activiting protein (GAP) attenuated
the function of Ras by promoting the hydrolysis from
GTP that conjugated with activated Ras to GDP, and then
acted as a moderator of Ras signal transduction pathway.
The SH3 domain of Ras-GAP was indispensable, for it
played an important role in the Ras signal transduction
pathway[5]. Up to now, the proteins that could bind with
Ras-GAP have been discovered, such as p62, p190, but
they have no relations with SH3 domain[6,7].
G3BP expresses in many kinds of malignant tumors

www.wjgnet.com

in different genetic locums and stages, so it probably
participates in the process of tumorigenesis and metastasis.
French et al[8] discovered that G3BP expression was specific
in human breast cancer tissues and was overexpressed in
88% of tumors examined. Ning et al[9] demonstrated that
G3BP was overexpressed in formalin-fixed and paraffinembedded tissues of some human tumors, such as lung
cancer, colon cancer, gastric cancer and breast cancer
through immunohistochemical staining. In breast cancer
specimens, the degree of G3BP expression correlated
positively with the presence of lymph node metastasis.
Our study demonstrated that the expression of G3BP
had a close relationship with lymph node metastasis, and
negative expression group had longer survival time than
positive expression group. G3BP may play an important
role in the invasion and lymph node metastasis of
ESC. The expression of G3BP can be considered as an
independant predictor of prognosis of ESC patients.
The subtle mechanisms of G3BP inducing tumorigenesis
and metastasis remains unknown. Further researches are
needed to develop new anti-tumor drugs.
Effect of RhoC in ESC expression on clinical prognosis
RhoC is a member of the Ras-superfamily, and it is an
important molecule of the signal transduction pathway.
Madaule et al[10] identified a new family of ras genes, the
rho genes. It participates in many steps of tumorigenesis
and metastasis, such as regulating the cystoskeleton and cell
cycle, modulating cell adhesion and movement, impacting
cell transformation, facilitating tumor cell genesis, invasion
and metastasis, etc. RhoC enhances cellular migrating
ability by regulating actin-based cystoskeleton, and plays
a prominent role in the invasion and metastasis of tumor.
Clark et al[11] discovered that the metastatic capacity of
melanoma cells was enhanced when the RhoC gene
was overexpressed. He proposed for the first time the
view that the RhoC gene might be the switch for tumor
invasion and metastasis. RhoC expressed in many kinds of
malignant tumors. Kleer et al[12] demonstrated that RhoC
protein level in tumor tissue was strongly associated with
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biologically aggressive invasive carcinomas of the breast.
Yao et al [13] indicated that RhoC GTPase was required
for PC-3 prostate cancer cell invasion in vitro. Wang et al[14]
demonstrated a positive association between RhoC
gene overexpression and tumor invasion and lymphatic
metastasis in gastric carcinoma.
Our study demonstrated that the expression of RhoC
had a close relationship with lymph node metastasis, and
the negative expression group had longer survival time
than the positive expression group. RhoC may play an
important role in the invasion and lymph node metastasis
of ESC. The expression of RhoC can be considered as an
predictor of predictoof prognosis of ESC patients. Faried
et al[1] found that RhoA and RhoC proteins promoted both
cell proliferation and cell invasion of human oesophageal
squamous cell carcinoma cell lines in vitro and in vivo, and in
the two proteins, RhoC was more prominent in enhancing
cellular migration. This is coincident with our research.
It is significant to further study the role of RhoC in the
invasion and metastasis of malignant tumors. RhoC may
be considered as an independant predictor of the invasive
and metastatic capacity of malignant tumors, and provide
powerful assistance for judging prognosis of malignant
tumor patients.
Correlation between expression of G3BP and RhoC
proteins in ESC
Like other members of the Ras-superfamily, RhoC protein
cycles between the active, GTP-bound form and the
inactive GDP-bound form. Ras is regulated by GTPase
activating proteins (GAPs), which attenuate signaling.
The SH3 domain of GAPs is indispensable, for it plays
an important role in the Ras signal transduction pathway.
G3BP is a unique protein that could bind with RasGTPase-activiting protein SH3 domain. There was positive
correlation between the two proteins expression in ESC.
So it is reasonable to presume that G3BP and RhoC
proteins promote the invasion and metastasis of tumors
through the same pathway and different effective sites.
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modulating cell adhesion and movement, impacting cell transformation, facilitating
tumor cell genesis, invasion and metastasis, etc.

Innovations and breakthroughs

The authors investigated the expression of G3BP in esophageal squamous
carcinoma for the first time, and confirmed that it is overexpressed in esophageal
squamous carcinoma. They discovered that the expressions of G3BP and Rhoc
proteins have a close relationship with lymph node metastasis and survival in ESC
patients.

Applications

G3BP and RhoC proteins can be considered as predictors of prognosis of ESC
patients. Further researches about the subtle mechanisms of G3BP and RhoC can
provide extensive perspective for the development of new antitumor drugs.

Terminology

G3BP: Ras-GTPase-activiting protein SH 3 domain binding protein. It is a
unique protein that could bind with Ras-GTPase-activiting protein SH3 domain
specifically. It expresses in many kinds of malignant tumors. RhoC: Ras homology
C. It is a member of the Ras-superfamily, and it is an important molecule of
signal transduction pathway. It participates in many steps of tumorigenesis and
metastasis, such as regulating cystoskeleton and cell cycle, modulating cell
adhesion and movement, impacting cell transformation, facilitating tumor cell
genesis, invasion and metastasis, etc.

Peer review

This is an interesting manuscript reporting two new immunohistochemical markers
(G3BP and RhoC) which appear to serve as prognosticators for esophageal
squamous carcinoma. This new information is certainly worthy of publication.
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Abstract
AIM: To explore the molecular mechanisms of action of
paclitaxel and NM-3 on human gastric cancer in severe
combined immune deficiency (SCID) mice.
METHODS: Human gastric cancer cells SGC-7901 were
implanted into SCID mice and mice were treated with
paclitaxel and NM-3. The effects of paclitaxel and NM-3
on apoptosis of human gastric cancer cells were analyzed
using flow cytometry, TUNEL assays, and DNA fragment
analyses.
RESULTS: Apoptosis of SGC-7901 cells was successfully
induced by paclitaxel, NM-3, and the combination
of paclitaxel and NM-3 24 h after injection as shown
by the presence of apoptotic hypodiploid peaks on
the flow cytometer before G1-S and a characteristic
apoptotic band pattern in the DNA electrophoresis. The
apoptotic rate detected by TUNEL assay was found to be
significantly higher in the paclitaxel/NM-3 compared to
the control group (38.5% ± 5.14% vs 13.2% ± 1.75%,
P < 0.01).
CONCLUSION: Paclitaxel in combination with NM-3 is
able to induce apoptosis of the human gastric cancer
cells in SCID mice effectively and synergistically.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Gastric� cancer
���������������������
is the common�
������� ��������
leading ������
cause ���
of �������
cancer
death world������
wide. �������������
I������������
ts clinical behavior
��������� depends
�������� on
�������
its
capacity to establish� �����������
metasta����
ses� ���
of �����������
the tumor, ����
and�
prognosis of advanced gastric�
�������������������
�����������
cancers is�
��� ������
poor. ���
To ������
date,�
s�������
everal molecules
���������� have
����� been
�����������������
reported to play
������������������
an important
1-��
3]
role in gastroenterological�������������������
��������������������������������������
tumorigenesis and ����������
metastasis[����
,
[����
1-3�]
but the molecular mechanisms remain ���
to ���
be ����������
elucidated .
In previous studies
�������� using
������ LMD,�
����� P
� 27 -based RNA
amplification, and cDNA microarray, we identified�
�����������
some differentially expressed genes between primary
carcinoma cells and lymph node metastatic cells in two
patients. Moreover, we further identified four differentially
expressed genes in progression of ��������������������������
gastric� c�����������������
������������������
ancer in another
group of 15 patients by means of semiquantitative reverse
transcribed polymerase chain reaction (RT-PCR), and the
expression patterns of these four genes were similar to
tumor suppressor genes or oncogenes.
It is now widely accepted that many malignant tumors
contain subpopulations of heterogeneous cells.� This
�����
heterogeneity����
���
is ��������������������������
exhibited in a wide range of
��� genetic,�
���������
biochemical����������������������������������
and������������������������������
���������������������������������
immunologic�
�����������������������������
�����������������
characteristics. It
������
is likely
�������
that speci����������������
fi��������������
c tumor cells �����������������������
or���������������������
��������������������
colonies within the larger
�������
heterogeneous tumor specimen���������������������
are
��������������������
the forerunners ���
of
distant metastases[4]. Th����
us��, �����
many ���������
biologic ������������
differences ������
might
exist between tumor cells in primary and metastatic lesions.
Furthermore, the interaction of tumor cells with their
living environment may add more differences between
these two groups of cells[2]. As a result, tumor metastasis
related genes can be identified by comparing the gene
expression profiles between them.
A���������
poptosis plays
����������������������������
a crucial role in the proliferation
������������������
and
turnover of cells in various malignant tumors��, ����������
and�������
i�����
������
t ���
is�
enhanced by many anticancer drugs��������������
�������������
as cytotoxic �������
drug���
s��,
hormone���
s��, or
��������������������������
some recombinant gene, ����������
medicine, etc. At
present, there is no effective therapy for advanced gastric
cancer, as the other malignant tumor, gastric cancer is
not only a disease with abnormal cell proliferation and
www.wjgnet.com
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differentiation, but also a disease with abnormal apoptosis.
Thus,�����
the �������������������
enhanced induction ���
of �������������
apoptosis in ������
human
gastric cancer cell�������
s �����
will ���
be ����������
needed to ���������
explore. �����������
Paclitaxel
enhanced the expression of smad3 and smad4 in SCID
mice, smad3 and smad4 are kind of multifunction cyclin
dependent kinase inhibitors. They play a negative role in
cell �����������������
cycle������������
regulation by
��������������
inhibiting trans�����������������
����������������������
ition������������
from G0/G1
to S phase��
�������. ������
Based ���
on ������������������
previous studies, ���
we �������������
examined the
apoptotic indices of human gastric cancer grafted into
SCID mice. We investigate����������������
d���������������
its apoptotic�
���������� ��������
effects ���
on ������
human
gastric cells, by which we explored its correlated anticancer
mechanisms and its synergistic effect combined with
NM-3 in order to look for a novel therapy for advanced
gastric cancer.

MATERIALS AND METHODS
Materials
RPMI1640 media and TRI201 total RNA isolation kit
were purchased from Gibco BRL. The liposome, the
trypsin, DMEM culture medium, Hepes and Csc1, 200
bp DNA ladder, dNTP, Ta��q� ���������������������������
enzyme and the restriction
endonuclease were obtained from S��������
���������
igma Co�.
Drugs and reagents
Paclitaxel was obtained from the Chinese Academy of
Science. ���������
N��������
M-3 w���
as� ���������
provided ���
by ���������������
Doctor ��������
Robert��, �������
Huston
University, USA.
Animal model
Male severe combined immune deficiency (SCID) mice
were obtained from Shanghai Experimental Animal Center
of Chinese Academy of Sciences. Animals used were
6-7 wk old�������������
and weighed ���������
18-22 g��. ���������������������
Human gastric cancer
SGC-7901 (���������
Shanghai ������
Tumor ����������������
Institution No: 01842���
��������
),
a poorly differentiated adenocarcinoma cell line, was
originally derived from a primary tumor and maintained by
passage in the subcutis of nude mice. Animal models were
made using orthotopic implantation of histological intact
tissue of human gastric carcinoma. Tumors were resected
aseptically. Necrotic tissues were cut and the remaining
healthy tumor tissues were scissor minced into pieces
(about 5 mm� ��
× ��7 ������
mm in ��������������������
diameter) in Hank’s ��������������
balanced salt
solution. Each tumor piece was weighed and adjusted to
50mg. Mice were anesthetized with 4.3% trichloraldehyde
hydrate. An incision was made through the left upper
abdominal pararectal line. Then the peritoneal cavity was
carefully exposed and a part of the serosal membrane in
the middle of the greater curvature of the stomach was
mechanically injured using scissors. A tumor piece of 150
mg was fixed on each injured site of the serosal surface.
The stomach was returned to the peritoneal cavity, and the
abdominal wall and skin were closed.
A�����
f����
t���
er 12
��� ���
d, ��������������������������������
when the tumor reached the size ���
of� ��������
0.������
8�����
-����
1���
.��0
cm 3, mice were randomly�����������������������������
separated
����������������������������
into four
�������������
groups��
��������,
with ����
te��
n mice
����� per
�����������
group. Body
����������������������
weight and tumor �������
volume
of these orthotopic grafted mice in every group had no
obvious difference (P < 0.05). Via intraperitoneal�����������
injection
animals received� ��������������
paclitaxel����
(5
��� mg/kg),
�������� NM-3�����
���������
(10
���� mg/kg),
��������
paclitaxel (5 mg/kg)������������������������
�����������������������
combined with NM-3�����
����
(10 ��������
mg/kg), ��
or
www.wjgnet.com
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normal saline����������������
,���������������
respectively.� ���
24������������������������������
�����������������������������
h����������������������������
later����������������������
mice were �����������
sacrificed
by����������
���������
cervical �������������
dislocation��.���������
��������
Samples ���
of ���������������
the tumor were�
immediately frozen in liquid nitrogen for later use.� �����
Part ���
of
the �������������������������������
f������������������������������
resh samples were immediately� ����������������������
placed into Eppendorf
tubes for flow cytometry analysis.
Ten mg of f�����������������
resh tissue �����
from �����������������
every �����������
animal�����
was� �������
minced
with blades to millimeter sizes in tissue medium (RPMI�
1640). The supernatant was separated and filtered through�
a 50-mm nylon mesh. The filtered cells were collected
�������������
by
���
centrifugation and
����������������������
washed twice with ����
PBS.
Detection of cell apoptosis by TUNEL method
Six c�������������������
ell suspensions����
���
(1 ��
× ��
104 cells��)� ���
of ������������������
each group��������
�������
(NM-3,
paclitaxel, paclitaxel/NM-3��,������������������
�����������������
and saline) were �������
placed�
separately into 60-mm dishes conta������
i�����
ning �������������������
cover �������������
glass slides�
(washed and high-pressure sterilized). Then the glass�
slides������������
were taken out��
�����,�������������������
������������������
washed twice with �����
PBS��,�����������
����������
and fixed
in methanol: freezing acetic acid (3:1) for 30 min. The
following procedures were carried out according to the kit
instruction��. ������������
T�����������
he average �������
number ���
of ��������������������
apoptotic cells was
determined by counting 1000 cells on each glass�����������
slide and�
the apoptotic index (AI), i.e. the number of apoptotic cells
per 100 cancer cells, was calculated.
Chemical staining of X-gal
1 × 106/L cells of four groups were fixed by 0.5% glutaral
pentanediol for 15 min and washed thrice with PBS��. ������
X-gal
staining solution�������������������������������������������
(20:1)
������������������������������������������
was added��������������������������
and cells were�����������
incubat���
ed�
at 37℃ for 4-24 h in a humidified atmosphere containing
50 mL/L CO2. ��������������������
B�������������������
lue-stain����������
ed��������
cells, �����
i.e. th���������
�����������
ose with� LacZ gene
express�����
ion��, �������������
were ��������
counted� ����������
under the
���� �������������������
microscope and the
percentage of the positive cells was calculated.
Detection of the expression of the p27mt gene
5 mg f����������������������
resh tissue specimens� ���
of ������
every ���������������������
mouse in four groups
were digested by 0.5 g/L trypsin. The cells were collected
and washed������������
twice������
�����
with �����
PBS. �����������
After������
cell �������������
lys����������
is in ����
500 μL
SDS-PAGE cell lysis solution and boil����
ing�������
for
������5 min,
�����
supernatants��������������������������������������
w������������������������������������
ere���������������������������������
collected�����������������������
after centrifugation��. Samples�
��������
were subjected
���������������������
to���������
western ��������������
blot����������
analysis�.
Detection of cells by flow cytometry
Fresh tissue specimens� ���
of ���������������������
the four groups������
were� minced
�������
with blades to millimeter sizes in tissue medium (RPMI�
1640). Then supernatant was separated and filtered
through���������
��������
a 50-mm ������
nylon ������
mesh. ������������������������
The filtered cells were
collected by centrifugation, stained, washed
������������������
twice with
PBS��, and
��������������������������������������
cell suspension was adjusted to a density
�������� of�
���
106/L. 100 μL� ���
of ��������������������
cell suspension was ���������������
mixed with 200 μL
of DNA-PREP TM �����
LPR��, f��������
���������
ollowed ���
by ����������
detection ������
using
Coulter Epics XL flow cytometer for 15 min. �����������
C����������
ell cycle
progression and
���������������������������������������
cell apoptosis rate were analyzed.
DNA fragment analysis
SGC-7901 cells, after being collected and washed twice
with PBS, were
����� lysed
�������������
in 500
���� μL������
cell lysis
������������������������
solution����������
[1%Np40,
���������
20 mm/L EDTA, 50 mmol/L Tris-HCl������������������
(pH
�����������������
7.5)] in
�������
the
presence of 10
��� μL� of
��� ���������
protease K��
���. Samples������
�������������
were �������
heated
in a 56 ℃ water bath for 1-2 h �������
before� ����������������
extraction with
phenol/chloroform. After the DNA precipitate had
����
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Table 1 Effects of paclitaxel/NM-3 on the cell cycle
progression (mean ± SD)
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G0/G1
24.13 ± 1.12
34.42 ± 3.51
26.34 ± 0.35a
87.42 ± 3.17b

G2/M
32.17 ± 1.48
18.23 ± 3.23
33.10 ± 0.89a
15.12 ± 2.40b

P > 0.05 vs saline group; bP < 0.01 vs paclitaxel group).

a

Figure 1 Apoptotic curve line of multidrug-resistant SGC-7901 cells was induced
by NM-3 and NM-3 combined with paclitaxel, first apoptotic peak (B) was elevated
compared with that of NM-3 group (A).

Table 2 Effects of paclitaxel/NM-3 on the cell apoptosis (mean
± SD)
Group

A

S
40.12 ± 1.09
22.41 ± 2.13
39.20 ± 0.39a
9.12 ± 0.22b

Control
NM-3
Paclitaxel
Paclitaxel/NM-3

B

AI
13.24 ± 7.75
25.62 ± 6.46a
28.90 ± 5.38a
38.51 ± 5.14b

a

P < 0.05; bP < 0.01 vs control group.

C

D

Figure 2 Detection of apoptotic cells by TUNEL method. A: The apoptotic cells
appeared yellow in the control group; B: The apoptotic cells appeared yellow in the
NM-3 group; C: The apoptotic cells appeared yellow in the paclitaxel group; D: A
large number of apoptotic cells appeared in paclitaxel/NM-3 group.

been��������
wash���
ed� ��������������
once with 700 ��������������
mL/L alcohol, ����
200 μL of
TE was added ���������
f��������
ollowed ������
by an
��� ��������������������������
overnight incubation
����������������
with
R�����������������������������
N����������������������������
ase (final concentration 50 μL��������
/mL) at 37
�� ℃ . The
final DNA was separated
���������� by
���������������
agarose gel e���������������
����������������
lectrophores���
is
(������������
10 g/L������
)�����
and ������������������������
visualized��������������
with the aid of
��� an
��� ultraviolet
������������ light
������
lamp.
Statistical analysis
D������������������
ata w�������������
ere����������
���������
analyzed� by
��� t test and a ��
P value < 0.05 was
considered statistically significant. All statistical analyses
were performed using SPSS 11.5 for windows.

RESULTS
Detection of cell apoptosis by TUNEL method
T���
he ��������
nucleus of
��� apoptotic
��������������������
cell������
s�����
was ��������������
dark stained, �����
dark
brown and the cytoplasm was ���������������������
concentrated���������
and the
cell shrank. The AI of���������
samples ���
of ����
the� ����������������
paclitaxel/NM-3
and the
����������������������
������������������
control group was 82.6%
���������
(± 3.12%)
�����������������
and 5.0% (
± 0.35)%)��,���������������
��������������
respectively��. �����
This �����������������������������
difference ������������������
was statistically
significant (�P < 0.05)���������
��������
show����
ing������
that
����� ����������������������
paclitaxel/NM-3 could
obviously induce apoptosis of gastric cancer cell������������
s�����������
(���������
F��������
igure 1
and ����������
F���������
igure 2).
C����������
ell cycle ������������������������
progression is ���������
shown in ������
Table ���
1. ��������
Whereas

the number of cells
����������
in G
� 0 /G 1 phase ���
is �������������
lower in
�������
����
the
paclitaxel and��������������������������������������
in the�������������������������������
control group�����������������
compared to the others,
the percentage of the S phase cell�����
s����
���
is ��������
higher��, �����������
indicat����
ing�
that transition time of cell cycle was shortened and cell
proliferation was active. However, the percentage of G0/
G1 phase cell��������������������������������������������
s�������������������������������������������
increased and the cell cycle was arrested
in G 0/G 1 phase in the paclitaxel/NM-3 group, which
was significantly different between the
��������������������
control���������
and
��������
the
paclitaxel group (Table 1 and Table 2).
X-gal chemical staining:
T��������������
he adenovirus mediated
��������������������������������
gene transfer rate was evaluated
����������
by X-gal staining. The results showed that the infection
efficiency could reach 90%, indicat����
ing������������������
that
�����������������
recombinant
adenovirus could effectively transfer gene��s� in vitro.
The expression of p27 protein was evaluated after
being injected into the cancer cells with paclitaxel
in vitro: After the cells that could be used in experiment
were injected by paclitaxel/NM-3��������
�������
for 24 ���
h, ������������
these cells
were collected and lysed with 1 × SDS PAGE cell lysis
solution. After boil����
ing at�
��� 100
���℃ for 5 min, the solution was
centrifuged��. The
��������������������������������������
supernatant was collected and the ��������
protein
was detected by TMB system western blot kit, KPL USA.
Followed by X-gal chemical staining, there was high
expression of �����
a 27
��� ����
kDa ���������������
protein in the
���� ����������������
paclitaxel/NM-3
group while only slight trace������������������������
s�����������������������
were
����������������������
seen (endogenous
������������
expression) in ����
the �������������������������������������
paclitaxel���������������������������
and in the����������������
control group��.
Thus��, the
���� human
������ mutant
������� p27
���������������������������
recombinant adenovirus
constructed in the present study express�������
es the� ���������
p27 gene
properly in SGC-7901 cells and the protein product could
be expressed at a high level in cells.
PCR identification and effect of paclitaxel/NM-3 on p27mt
target gene
The pathological change� of
��� �������������������������
SGC-7901 cells and their
culture fluid were����������������������������
����� collected
��������������
and �������������
centrifuged��. �����
�����������������
Five milliliters
������������
of the supernatant was mixed with 1 mg of protease K,
2 mL of 1% SDS, 10 mmoL/L EDTA and 20 mmol/L
www.wjgnet.com
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Tris-HCl to be digested for 2 h. After being precipitated by
dehydrated alcohol, the DNA was collected. PCR reaction
was carried out after adding the forward and reverse
primers. Finally, a 275-bp target fragment����������������
������������������������
was amplified,
which showed that paclitaxel, ����������������
paclitaxel/NM-3� ������������
had already
played an inhibitory role on the p27mt target gene�
�����.
Detection of cells by flow cytometry
After the ��������
animals ����
had ������������������������
been��������������������
treated �����������
with�������
NM-3, ������������
paclitaxel,
paclitaxel/NM-3, or���������������
�����������������
saline for 24 ���
h, ����
the ����������
detection ���
of
apopto����������������������
tic cells�������������
was carried out
���� by
����������������������
flow cytomet�������
ry�����
and
repeated six times. The �����
mean� ������
value ���
of hypodiploid
������������������
������
cells
was: 8.23%, 4.67%, 41.0%��,�����
����
and �������
1.96%��,���������������
��������������
respectively.
S��������������������������������������������������������������
tatistical analysis�������������������������������������������
revealed a��������������������������������
significant difference between
��������
the� ������������������������������
paclitaxel/NM-3 group and the
���� ���������������������
paclitaxel group and
the ������������
NM-3 group��
�������,������������������
�����������������
(����������������
paclitaxel/NM-3 vs paclitaxel group,
paclitaxel/NM-3 group, NM-3 group and paclitaxel group
vs normal saline ������
group�, P < 0.01; paclitaxel group vs NM-3
group�, P > 0.05).
Detection of DNA fragment
T����������
he result of
��� ����
DNA ��������������������������������������
electrophoresis showed intact genomic
��������
DNA �����������
in ��������
samples ������������������
obtained from the �������������������
paclitaxel and ����
the
normal control group while there was an
��� ��������
obvious ��������
180-200
bp diploid �����������
‘����������
trapezia��’� �������������������
pattern������������
in
�����������
samples �������������
derived from
NM-3� �������
or�����
the
���� paclitaxel/NM-3
��������������������������������
injected group, �������������
which was in
concordance with the characteristic changes of apoptosis�
����������.

DISCUSSION
Since paclitaxel was extracted from Taxul which has special
anti-tumor effect, paclitaxel had cell toxic side-effects as
Taxol either. We found that paclitaxel could inhibit the
activation of CyclinE-CDK2 complex and the activation
of CyclinD-CDK4 and CyclinA-C DK2 complex as well.
In addition, it could also down-regulate the expression of
CyclinB,� �������������������
because������������
the arrest ���
of �
G0/G1� was mainly caused by
p27 whose accumulation could �����������
be ��������
induced ���
by ����������
exogenous
signal. Gastric tumorigenesis was closely correlated with
translocation, deletion and mutation of p27 gene and its
expression or activity changes[2,5]. A��t ���������
present,����������������
���������������
gastric cancer
cells ��������
treat���
ed ���
by ������������������������
paclitaxel/NM-3���������
in SCID ����������
mice were ����
not
reported��.� If
��� ����
the �����������
expression ������
level ���
of ����
p27 ��������������
mt in
�����������
gastric
cancer cell was
���� down-regulated�
��������������� or
�������������
inhibit���
����������
ed� by
��� p27��
�����,������
thus
�����
the DNA damaged cell could not transit form form G1
phase to S phase directly��,����������������������������������
���������������������������������
t��������������������������������
hat would induced the apoptosis
of human gastric cancer cells in SCID mice.�
Paclitaxel was first found in 1998, the researchers
revealed it effected on cell contact inhibition with
TGF-β[4].� The
���� degradation
������������ of
��� the
���� p27
���� protein
�����������
is mainly
�������
caused by phosphorylation of the threonine������������
residue at
6-8]
position 187����������
which is ���������
mediated ���
by ubiquitin
��������� [����
. Kudo
[��
9]
th
and his colleagues
���������� found that if the 187 threonine of
p27 which was mediated by p27 protein, could inhibit
cell growth obviously, these inhibitory effects were more
obvious on mutant p27 (T187A) than on wild-type
p27. The target phosphorylation site of CDK would be
protected from phosphorylaton. A replication-deficient
recombinant adenovirus was constructed which carried
p27mt to study apoptosis of the gastric cancer cell line,
by which it expected to find a more effective p27 gene
www.wjgnet.com
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11]
to treat gastric cancer. Koguchi K[���
reported that they
prohibited the viability of the astrocyte when these cells
were transfected with exogenous gene p27 carried by
12]
adenovirus. Zhang D[���
reported that the upregulation
of the expression of the p27 by retinoic acid significantly
inhibited the growth of the oophoroma cell. Koh TY[13]
found high expression of p27 and raised the expression
level of cyclinD1 and cyclinE in the cell lines SUN-1066��,
SUN�������
-1041��, ���������
SUN������
-1076 �����������������������������
derived from cephalocervical
squamous cell carcinoma by transfecting these cells with
p27kip1 carried by ��������������������������
reconstructed�������������
adenovirus, �����������
the cancer
cells��’� ���������������������������������
proliferation were significantly prohibited
���������������
and
the cell cycle analysis showed that the cancer cells were
mainly stopped at the G1-S stage in their study. All this
showed that p27 was a very important gene related to the
development of carcinoma and had significant impact on
the onset, development and prognosis of the tumor.
Nowadays, functional reconstruction of anti-oncogene
has been a����������������������
��������������������
reasonable strategy ���
of ������������������������
gene therapy for tumor.
Sasaki T[14] found that p27mt had stronger suppress����
ive�
effects than
����� ������
p27wt on
����������������������
apoptosis and cell proliferation
��������������
when they applied adenovirus-induced p27mt and p27mt
to transfect the cholangiocarcinoma cell lines TFK-1
and HuCCT-1. Park KH[15,16] got the same results when
they used adenovirus mediated p27mt and p27wt to
transfect lung cancer cell lines NCI H460, NCI H1264,
NCI H358 and NCI H157, and a spongioblast line. In
our study, mutant p27 was used to transfect gastric cancer
cells and the high expression of this gene was proven
by p27 polyclonal antibody��. T��������������������������
���������������������������
his result supported that
adenovirus with reconstructed p27mt c���������������
ould�����������
transfect
the target gene into a ��������������������������
gastric cancer������������
�����������
cell which
������ ��������
derived
from human gastric adenocarcinoma tissue, developed
into tumor in������
��������
SCID ���������
mice�����
and ����������
expressed �����������
endogenous
p27. By f���������������
low cytometry��,������
�����
rate ���
of ����������
apoptosis ���������������
up to 41.0% in
paclitaxel/NM-3 group was proven which had significant
difference compared to the control group, DNA analysis
showed 180-200bp DNA ladder. By TUNEL technique,
a value of apoptotic index up to 82.6% was detected
which showed significant difference compare���������
d��������
to ����
the�
control �������
group��. ���������������������������������
The results showed that the gene ��������
p27 was
a��������������������������������
n�������������������������������
important gene related to the ����������
occurance of
��� the
���� large
������
gastric carcinoma and the down-regulation of p27 may
be the main cause of cell differentiation�
���������������� ����������������
dysfunction�����
and
apoptosis dysfunction��
�������������. �������������
Upregulating the
���� expression
����������� ���
of
p27 by mutant p27,
����� ������
which �����������������������
promotes the apoptosis ���
of ����
the
tumor cell,������������������
could serve as a ����������������������������
new scheme in the treatment
of advanced gastric carcinoma. Circle analysis showed
that the cleavage of tumor cells was stopped at G1 stage
via suppressing the activity of the cyclin/CDK kinase by
17]
p27mt. Winteringham LH[���
thought that the accumulation
�������������
of p27 play����������������������������������
ed a������������������������������
n important�������������������
role in ����������
apoptotic� �����������
mechanisms
of the gastric cell cycle arrest at the initiation of cell
differentiation. Whether other apoptotic factors might
������
affect������
this ���������������
process should ���
be �����������������
explored further.
Recently, although the apoptosis of the ��������������
human gastric
c������������������������������������
ancer ������������������������������
cell �������������������������
was successfully induced �������������������
by�����������������
the�������������
application ���
of
NM-3 and other gene therapy��, but
������������������
the apoptosis ���
of ������
human
gastric cancer cells���������
induced by
��� paclitaxel������
����������������
/�����
NM-3 ����
had ����
not
been reported in the SCID mice model[18,19],��������
it was very
�����
useful experimental support of tumor-suppressed function
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for human
�����������������������������
gastric cancer treated
�������� by
��� paclitaxel�������
�����������������
/������
NM-3. ����
The
efficacy of this method and the mechanism of apoptosis
strongly indicate that paclitaxel/NM-3 is synergistically
effective against human gastric ca����������
r���������
cinomas��.�
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Abstract
AIM: To assess the effects of poor nutritional and
psychological status on tolerance of cancer treatment
and the recovery of physical performance status in
patients with gastrointestinal cancer.
METHODS: An epidemiological survey with respect
to nutritional and psychological status in patients with
gastrointestinal cancer was conducted among 182
operated patients in four provincial-level hospitals from
December 2005 to June 2006. The food frequency
survey method, state-trait anxiety inventory (STAI) and
depression status inventory (DSI) were used to obtain
information about the diet and psychological status in
the patients. Nutritional status in the participants was
reflected by serum albumin (Alb), hemoglobin (HB) and
body mass index (BMI).
RESULTS: Alb, protein intake and anxiety were
associated with the severity of side effects of treatment.
The adjusted relative risk (RR ) for Alb, protein intake and
anxiety was 3.30 (95% CI: 1.08, 10.10, P = 0.03), 3.25
(95% CI: 1.06, 9.90, P = 0.04) and 1.48 (95% CI: 1.29,
1.70, P < 0.0001), respectively. Moreover, calorie intake,
HB and depression were associated with the recovery
of physical performance status in the patients. Adjusted
relative risk was 2.12 (95% CI: 1.09, 4.03, P = 0.028),
2.05 (95% CI: 1.08, 3.88, P =0.026) and 1.07 (95% CI:
1.02, 1.12, P = 0.007), respectively.
CONCLUSION: B o t h p o o r n u t r i t i o n s t a t u s a n d
psychological status are independent risk factors for
severe side effects of cancer treatment, and have
impact on the recovery of physical performance status in
patients after treatment.
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INTRODUCTION
Chemotherapy and radiotherapy are the two important
treatment modalities for cancer and can tumor cells and
prolong survival time of cancer patients. Patients receiving
high-dose chemotherapy need to be supported with
parenteral nutrition[1]. Nutrition therapy can help cancer
patients get the nutrients to maintain body weight and
performance status, prevent body tissue from breaking
down and rebuild tissues[2]. Malnutrition can make the
patients have more severe chemotherapy-induced toxicity
and complications [3]. High energy/protein diets help
patients tolerate the treatment with fewer side-effects[4,5].
Besides nutrition, psychological status in the patients
also impacts treatment outcome. Many cancer patients
have psychological problems at different degrees[6]. Poor
psychological status, such as depression or anxiety, not
only affects the appetite of patients, but also increases
side-effects of treatment [7] and impacts well-being of
patients[3].
The effects of nutrition on cancer treatment have
been studied by many authors[1-3]. However, few studies
have reported on the association between nutritional and
psychological status in the gastrointestinal cancer patients
prior to chemotherapy/radiotherapy and treatment
tolerance[4,6].
In this paper, we quantitatively analyzed the
association between nutritional and psychological status
in gastrointestinal cancer patients and treatment tolerance
before treatment, and the effects of nutritional and
psychological status in patients on physical performance
status in the patients after treatment. We also analyzed the
relation between nutritional status and psychological status
in the patients. Our results may be useful for physicians to
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improve the effect of cancer chemotherapy/radiotherapy
and the quality of life of patients.

MATERIALS AND METHODS
Materials
Patients with esophagus, stomach, or colorectal cancer
admitted to four provincial hospitals in Fuzhou, China,
between December 2005 and June 2006 were enrolled in
the study. The eligible patients were those who underwent
surgical operations and were discharged 20 d before
readmission to the hospitals. Patients who had to rely on
parenteral nutrition support were excluded. There were
182 eligible participants in the study. After written consent
was obtained, in-person interviews were performed
for the participants with respect to information on
nutrition and psychology status prior to chemotherapy/
radiotherapy, side effects of cancer treatment during
the treatment, and physical performance status after
chemotherapy/radiotherapy. For each participant, the
interview was conducted on the next day after admission.
The interviewers were trained doctors and nurses in the
hospitals. The study was approved by the Institutional
Review Board for Human Research in the Fujian Province,
China.
Of the 182 participants, 73 were esophagus cancer
patients pre-surgery, 62 stomach cancer patients, and 47
colorectal cancer patients.
Methods
The food frequency survey method[8] was used to obtain
information about the diet for each patient over the last
week. The daily ten kinds of nutrition intake for each
patient in the last week were calculated according to the
food composition database[9]. On the basis of the reference
values proposed by the Chinese Nutrition Society[9], the
nutrition intake levels of the patients were evaluated. Daily
calorie intake lower than 2400 kcal for male and 2100 kcal
for female were defined as the low level of calorie intake,
and daily protein intake lower than 70 g for male and 65 g
for female were defined as the low level of protein intake.
State-trait anxiety inventory (STAI）and depression
status inventor y (DSI) [10] were used to measure
psychological status of the participants. Each participant
completed these two scales regarding his or her feeling
at the time of interview. The patients were considered as
suffering from anxiety when their STAI scores were higher
than 55, and as suffering from depression when their DSI
scores were higher than 40.
Nutritional status of the participants prior to
chemotherapy/radiotherapy was reflected by serum
albumin (Alb, g/L), hemoglobin (HB, g/L) and body mess
index (BMI, BMI = weight/height2, kg/�
m2). Alb in the
patient was regarded as deficient when his or her Alb was
less than 35 (g/L). HB lower than 120 (g/L) for male and
110 (g/L) for female were defined as abnormal. According
to the standard in East China, a person was considered
suffering from malnutrition when his or her BMI was
lower than 18 (http://whyuyu.vip.sina.com/news/
new000540.htm).
We examined the side effects of chemotherapy/
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radiotherapy which occurred in the gastrointestinal system,
respiratory system, liver and kidney, heart, hair, skin and
nervous system. The severity of side effects in each system
was scored as 1-5, respectively. The scores of side effects
were given by the physician within 3-5 d after the start of
their first cycle of chemotherapy. Each patient had a total
score. The patient had a mild side effect of the treatment
when his or her total score was less than 8, and a severe
side effect when his or her total score was higher than 9.
When chemotherapy/radiotherapy was over, the nurses
scored the physical performance status of the patients in
terms of the physical activity status and capabilities of
self-care. The score of physical performance status was
from 1 to 5. In our analysis, the difference in physical
performance status of the patients was determined by
the score of physical performance status (score ≤ 2 for
poor physical performance status and score > 2 for good
physical performance status).
Multivariate logistic regression analysis was used
to determine the association between nutritional and
psychological status of the patients before and after
chemotherapy/radiotherapy. Data were analyzed using
SAS version 9.0 software (SAS Institute, Inc., Cary, North
Carolina).

RESULTS
There were 55 females with a mean age of 54.3 years (SD
= 11.56) and 127 males with a mean age of 55.3 years (SD
= 10.96) in the study. The number of patients with stages
Ⅰ-Ⅳ of the disease was 15 (8.24%), 27 (14.84%), 69
(37.%) and 71 (39.01%), respectively. Of the 182 patients,
57 (31.32%) had low education levels, 99 (54.39%) middle
education levels, and 26 (14.29%) high education levels.
Stepwise logistic regression was used to select the risk
factors for the treatment tolerance. At the significance level
α = 0.05, Alb, protein intake and anxiety were associated
with the severity of side effects of the treatment. The
relative risk (RR) for Alb, protein intake and anxiety
and 95% CI, adjusted for age, gender, stage of disease
and tumor location, are shown in Table 1. The adjusted
relative risk for Alb < 35 versus Alb ≥ 35 was 3.30 (P =
0.03) and 3.25 (P = 0.04) for inadequate protein intake
versus adequate protein intake and 1.48 (P < 0.0001) for
anxiety ≥ 55 versus anxiety < 55. The influence of low Alb
on treatment tolerance was higher than that of the high
anxiety score.
The association of nutritional and psychological status
of the patients with their physical performance status after
chemotherapy/radiotherapy was analyzed using stepwise
logistic model. At the significance level α = 0.05, besides
age, gender, stage of disease and tumor location, calorie
intake, HB and depression were statistically significant in
the model. Adjusted relative risk and 95% CI for these
variables are shown in Table 2. Compared with the patients
with high level of calorie intake, relative risk for the patients
with low level of calorie intake was 2.12 (P = 0.028).
The hazard of poor physical performance status among
the patients with low level of HB was 2.05 times
(P = 0.026) as high as that among those with normal levels
of HB, and the hazard among the patients suffering from
www.wjgnet.com
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Table 1 Relative risk of severe side effects of chemotherapy
and 95% CI for nutrition and psychology factors
Risk factor

1

Mild side effect
n
%

Severe side effect
n
%

RR

42
24

49
67

1.00
3.30

< 35
Protein intake
≥ 70 for male
≥ 65 for female
< 70 for male
< 65 for female
Anxiety
< 55
≥ 55

63.64
36.36

42.24
57.76
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Table 3 Relative risk of malnutrition for anxiety and 95% CI
STAI score < 55
%

n

STAI score ≥ 55
%

37
77

29
39

n

95% CI
BMI
< 18
≥ 18

Alb
≥ 35

   August 14, 2007

56.06
66.38

RR

1

95% CI

43.94
33.62

1.08-10.10

1.3

0.64-2.62

1.37

0.69-2.72

Alb
51

77.27

70

60.34

1.00

≥ 35

< 35
15

22.73

46

39.66

3.25

57
9

86.36
13.64

57
59

49.14
50.86

1.00
1.48

63
51

69.23
56.04

28
40

30.77
43.96

1.06-9.90
1

Relative risk adjusted for age, gender, stage of disease and tumor location.

1.29-1.70

1

Relative risk adjusted for age, gender, stage of disease and tumor location.

Table 4 Relative risk of malnutrition for depression and 95% CI

Table 2 Relative risk of poor physical performance status and
95% CI for nutrition and psychology factors
Risk factor

Calorie intake
≥ 2400 for male
≥ 2100 for female
< 2400 for male
< 2100 for female
HB
≥ 120 for male
≥ 110 for female
< 120 for male
< 110 for female
Depression
< 40
≥ 40

1

50.44

48

69.57

1.00

56

49.56

21

30.43

2.12 1.09-4.13

50

44.25

37

53.62

1.00

63

55.75

32

46.38

2.05 1.08-3.88

28
85

24.78
75.22

30
39

43.48
56.52

1.00
1.07 1.02-1.12

1

Relative risk adjusted for age, gender, stage of disease and tumor location.

depression was 1.07 times (P = 0.007) as high as that
among those not suffering from depression.
The results suggested that nutritional status and
psychological status might affect treatment tolerance
and physical performance status of the patients. To
examine the independent effects of nutritional status and
psychological status, the adjusted relative risk of low BMI
and Alb for both anxiety and depression was estimated
(Table 3 and Table 4). The patients with anxiety had a
higher risk of low BMI and Alb than those with no anxiety
(RR = 1.30 and RR = 1.37, P > 0.05). Similarly, there was
no association between depression and low BMI and Alb.
These results suggested that both nutritional status and
psychological status might be independent risk factors
for severe side effects of the treatment and poor physical
performance status of cancer patients.

DISCUSSION
This reports significant association of nutritional and
psychological status with the treatment tolerance and the
recovery of physical performance status in gastrointestinal
cancer patients. Tumors are wasting diseases and many
www.wjgnet.com

BMI
< 18
≥ 18

Poor physical
Good physical
RR 95% CI
performance status performance status
n
%
n
%
57

DSI score < 40
%

n

16
41

51
74

n

23.88
35.65

DSI score ≥ 40
%

RR

1

95% CI

76.12
63.35
1.58

0.73-3.40

1.76

0.86-3.63

Alb
≥ 35

< 35

36
22

39.56
24.18

55
69

60.44
75.82

1

Relative risk adjusted for age, gender, stage of disease and tumor location.

patients with tumors of the upper gastrointestinal tract
have difficulty eating due to side effects of surgery. These
patients are weak, tired, and unable to withstand cancer
therapies because of malnutrition. The treatment outcome
and prognosis of the diseases are associated with the
nutritional status of the patients [11-13]. Chemotherapyinduced toxicity may be more severe in patients with
pre-existing malnutrition [3] . Some studies indicate
that high energy/protein diet can reduce side-effects
of chemotherapy [4,5,11,14] . If the patients get enough
calories and protein from their diet when they are not
on chemotherapy or radiation therapy, they may have a
better prognosis and are able to tolerate higher doses of
chemotherapy or radiation therapy[15-17].
Khan et al[4] reported that pre-existing malnutrition
in children with acute lymphoblastic leukaemia adversely
affect the treatment outcome and decrease the response
to chemotherapy. It was reported that decreased tolerance
of chemotherapy is associated with poor clinical outcome
of malnourished children [18,19]. However, Sikora et al[20]
showed that no significant association was found between
nutritional status and side effects of radiotherapy in
45 patients with esophagus cancer. In our study, the
prevalence of severe side effects of chemotherapy/
radiotherapy among the patients with low level of Alb
was 3.30 times as high as that of those with normal Alb,
suggesting that malnutrition does not help gastrointestinal
cancer patients complete chemotherapy/radiotherapy.
A small amount of protein and calories results in low
Alb. In our study, relative risk of severe side effects of
the treatment for protein intake was 3.25, showing that
protein intake has an independent effect on treatment
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tolerance. Because the protein intake was not correlated
with calorie intake, no statistical significance was found
in the model (r = 0.86, P < 0.0001). Therefore, the
patients who have not gotten enough calories and protein
before chemotherapy may have severe side effects of
chemotherapy or radiotherapy. Good appetite before
cancer treatment may increase patients’ energy and
improve their sleeping, reducing the side effects of cancer
treatment and improving their tolerance to higher doses
of chemotherapy or radiotherapy. So, nutrition therapy
is a promising, low cost, non-toxic and valid method for
improving the outcome of cancer treatment.
Anxiety and depression are normal reactions to cancer.
Patients experiencing chronic pain or body function
damaged during surgery are at high risk of developing
depression or anxiety. Studies showed that the presence
of depression or anxiety has a detrimental effect on the
recovery from cancer, response to cancer therapy and
the death rate of cancer patients[21,22]. Depression burden
significantly influences the severity of side effects of
chemotherapy [23]. Intervention of psychology for the
patients can decrease their anxiety symptoms and side
effects of the treatment[24]. Our results also showed that
the prevalence of severe side effects of the treatment in
patients in good psychological status was lower than that in
those with poor psychological status (adjusted RR = 1.48),
and there was no association between poor psychological
status and low BMI and Alb, suggesting that psychological
status is an independent risk factor for cancer treatment
tolerance in gastrointestinal cancer patients.
Usually, patients in poor physical performance status
have a shorter survival time[25-27]. Protein and calories are
important for providing energy and enhancing physical
performance status. Our results showed that pre-existing
poor nutrition status of the patients could affect their
physical performance status after cancer treatment.
Moreover, in our study, 77 (42.3%) patients had low calorie
intake and 61 (33.5%) patients had low protein intake.
Therefore, in order to promote clinical rehabilitation
and improve survival, it is important to provide nutrition
therapy and diet advice for the patients.
In the present study, we did not determine nutrition
status and psychological status in the patients and
study their relation before and after chemotherapy or
radiotherapy. Moreover, since other variables reflecting
nutritional status of the participants, such as serum prealbumin, serum transferrin and arm muscle circumference,
were not detected, the relative risk of poor nutrition
status might be underestimated. Although there are
some limitations in our study, our epidemiological
survey still provides some important information about
the association between side effects of chemotherapy/
radiotherapy and nutritional and psychological status of
the patients.
In summary, poor nutritional and psychological status
are two independent risk factors for severe side effects of
cancer treatment, which influence the recovery of physical
performance status of the patients after treatment. After
diagnosis and operation, the patients should be given
diet guidance and mental therapy, which can decrease the
severity of side effects of the next treatment and promote
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recovery of physical performance status and improve
survival.
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Abstract
AIM: To determine the accuracy of high-resolution
magnetic resonance imaging (MRI) using phasedarray coil for preoperative assessment of T staging and
mesorectal fascia infiltration in rectal cancer with rectal
distention.
METHODS: In a prospective study of 67 patients
with primary rectal cancer, high-resolution magnetic
resonance imaging (in-plane resolution, 0.66 × 0.56)
with phased-array coil were performed for T-staging and
measurement of distance between the tumor and the
mesorectal fascia. The assessment of MRI was compared
with postoperative histopathologic findings. Sensitivity,
specificity, accuracy, positive predictive value, and
negative predictive value were evaluated.
RESULTS: The overall magnetic resonance accuracy
was 85.1% for T staging and 88% for predicting
mesorectal fascia involvement. Magnetic resonance
sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value was 70%, 97.9%, 89.6%,
93.3% and 88.5% for ≤ T2 tumors, 90.5%, 76%,
85.1%, 86.4% and 82.6% for T3 tumors, 100%, 95.2%,
95.5%, 62.5% and 100% for T4 tumors, and 80%,
90.4%, 88%, 70.6% and 94% for predicting mesorectal
fascia involvement, respectively.
CONCLUSION: High-resolution MRI enables accurate
preoperative assessment for T staging and mesorectal
fascia infiltration in rectal cancer with rectal distention.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Rectal cancer is a common disease and a major cause
of mortality in Western countries, and the prevalence
in China has consistently increased with changes of life
style in recent years[1]. Its poor prognosis is associated
with risk both for local recurrence and metastases.
The local recurrence is related to the extramural tumor
spread into the mesorectum and the tumor distance to
the circumferential resection margin (CRM) [2-4]. With
the standardized total mesorectal excision (TME), the
overall recurrence rate has been reported to be below
10%, without the help of radiation therapy [5]. Recent
publications have suggested that preoperative radiotherapy
enhanced local control[6-9] and improved prognosis[6] in T3
and resectable T4 rectal cancer, especially in the patients
with involvement of the mesorectal fascia[8,10]. So accurate
preoperative local staging is critical to determine the
right patient for preoperative neoadjuvant therapy. Highresolution magnetic resonance imaging (MRI) using the
phased coil can visualize the layers of the rectal wall, the
mesorectal fascia and predict the depth of tumor invasion,
however, the results and techniques were conflicting
in the previous reports [11-13]. Some authors choose not
to distend the rectum [12,14,15] whereas others advocate
distension with air or water to improve depiction of the
primary tumor[16-18]. The aim of our study was to assess
the accuracy of MRI for preoperative T staging of rectal
cancer and the distance to the mesorectal fascia with rectal
distention.

MATERIALS AND METHODS
Patients
The study population consisted of 67 patients (37
men and 30 women, with a mean age of 62 years)
with histopathologically proved rectal cancer by means
of endoluminal biopsy. Rectal cancer was defined as
carcinoma within 15 cm of the anal verge. All patients
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underwent MRI 1-4 d before surgery. No patient had
received preoperative chemoradiotherapy.
MRI examination
MRI was perfor med using 1.5T whole body system
(Magnetom Avanto, Siemens) and a phased array multicoil in all patients. All patients underwent the hospital’s
standard cleaning enema procedure. Tepid water was then
administered using a rectal enema tube, and the rectum
was filled until the patient indicated a sensation of fullness
in the rectum. The volume of water ranged from 150 to
400 mL. The rectal tube was removed after completion of
instilling the water. No antispasmodic agents were used.
The patients were placed in a supine position on an MR
table with feet entering MR gantry.
After scout scanning, midline axial and sagittal T 2
weighted turbo spin-echo (T2W-TSE) images were obtained.
The scan protocol was TR 3000-4000 ms, TE 70-90 ms,
field of view (FOV) 28-32 cm × 28-32 cm, matrix 276 ×
384, slice thickness 5 mm and gap 1 mm. These images
were used to plan T2W-TSE high resolution scans, which
were perpendicular to the long axis of the rectum. For a
low third rectal tumor, an additional oblique coronal scan
along the long axis of the anal canal was also acquired.
The scan protocol was TR 2400-3500 ms, TE 90-100 ms,
FOV 18 cm × 18 cm, matrix 272 × 320, slice thickness 3
mm and gap 0 mm, in-plane resolution 0.66 × 0.56. The
whole examination took about half an hour.
MRI interpretation
Patient’s T staging was categorized according to the TNM
classification[4] and was assessed according to the reported
criteria (Table 1)[11]. In our study, T1 and T2 tumors were
combined to represent one T stage ≤ T2, because of
limitations at MRI in distinguishing T1 and T2 tumors[14].
T stage ≤ T2 tumors were defined as tumors confined
to the bowel wall with smooth margins. On the basis of a
previous study[12], tumor with spiculation in the perirectal
fat was considered to be a T3 lesion. The signal intensity
of the tumor infiltrating the surrounding structures was
thought to be T4 tumor.
The minimum distance between the outer margin of
the tumor and the mesorectal fascia was measured on the
Syngo Leonardo Workstation. Measurements for each
patient were then categorized into < 2 mm or ≥ 2 mm
to assess whether the mesorectal fascia was involved. Two
experienced abdominal radiologists who had no clinical
and histopathologic information interpreted independently
each MR image. Differences in assessment were resolved
by means of consensus.
Surgery and histopathologic study
Total mesorectal excision (TME) was performed in 62 patients
(anterior resection in 51 patients and abdominoperineal
resection in 11 patients, pelvic exenteration in 5 patients).
Immediately after surgery, resected specimens were opened
on the opposite side of the tumor and fixed in formalin
for 24 h. The specimens were then sliced transversely at an
interval of 5 mm. The slices were embedded in paraffin,
sectioned, and examined histologically after HE staining.
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Table 1 Definitions used for staging rectal cancer
Histopathologic examination

MRI

pT1: Tumor invades
the submucosa

MRT1: Tumor signal intensity is
confined to the submucosal layer

pT2: Tumor invades
the muscularis propria

MRT2: Tumor signal intensity extends
into the muscle layer, with loss of the
interface between the submucosa and
circular muscle layer

pT3: Tumor invades through
the muscularis propria into
the subserosa or into the
nonperitonealized pericolic
or perirectal tissues

MRT3: Tumor signal intensity extends
through the muscle layer into the
perirectal fat, with obliteration of the
interface between muscle and
perirectal fat

pT4: Tumor directly invades other MRT4: Tumor signal intensity extends
organs or structures or perforates into an adjacent structure or viscus
the visceral peritoneum

The depth of tumor invasion was classified according
to the TNM classification (Table 1)[4] and the minimum
distance between the tumor and the mesorectal fascia was
measured macroscopically, and this distance was examined
again under microscopy when the margin was assessed
macroscopically to be close or involved. If this distance
≤ 2 mm, the mesorectal fascia was considered to be
involved[3,4]. The pathologist was blinded to the result of
the MRI findings.
Statistical analysis
Accuracy, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated
for each T stage and predicting CRM infiltration.

RESULTS
Appearance of rectal cancer
The MRI procedure took about half an hour and the
patients were well tolerated. The tumors were well
visualized in all patients. Forty-two tumors were located
in the upper rectum (10-15 cm from the anal verge), 12 in
the mid rectum (5-10 cm from the anal verge), and 13 in
the distal rectum (less than 5 cm from the anal verge). The
size of the resected tumor differed from 0.8 cm × 2 cm to
5 cm × 7 cm (mean 3.5 cm × 4.4 cm). Fifteen mucinous
carcinomas were detected with focal (n = 8) or diffuse
(n = 7) high signal (isointense or hyperintense to perirectal
fat areas) in the tumor on T2WI, which was correlated with
the mucinous pool on pathologic specimens. In contrast,
52 nonmucinous carcinomas showed isointensity with the
normal rectal wall or skeletal muscle on T2WI.
T staging of rectal cancer
At histopathologic examination, 20 (29.9%) of 67
neoplasms were staged as ≤ pT2 (Figure 1 and Figure 2),
42 (62.7%) of 67 as pT3 (Figure 3 and Figure 4), and 5
(7.5%) of 67 as pT4 (Figure 5). The overall MR accuracy
was 85.1%. Over- and under-staging occurred in 9 (13.4%)
of 67 patients and 1 (1.5%) of 67 patients, respectively.
Accuracy for each T stage was ≤ T2, 89.6%; T3, 85.1%;
and T4, 95.5% (Table 2).
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Figure 1 T2-stage rectal cancer in a 58-year-old male patient. A: Axial T2W-TSE
MR image (3500/94); B: Photograph of the corresponding histopathologic slice
(hematoxylin-eosin stain; original magnification, x 10), showed T2-stage tumor (T)
that was confined within the muscularis propria (M).

T

Figures 3 T3-stage rectal cancer without mesorectal fascia involvement in a
64-year-old female patient. A: Axial T2W-TSE MR image (3000/98) showed tumor
in anterior rectal wall (T) with transmural spiculation (black arrow) from tumor into
perirectal fat, and the distance to mesorectal fascia (white arrow) is measured ≤
2 mm; B: Photograph of the corresponding histopathologic slice (hematoxylin-eosin
stain; original magnification, x 10) confirmed that tumor (black arrows) invaded
the perirectal fat (F). Spiculations consist of desmoplastic reactions (white arrow)
containing tumor cells (black arrows).

to identify nodal metastases within 2 mm, which is still
a diagnostic problem for the radiologist, and the other
two cases had more subtle invasion on MRI. Three falsepositive cases were anterior rectal tumors (Figure 3A)
and the remaining ones had ill-defined margins due to
peritumor fibrosis and inflammatory reaction.

DISCUSSION
Figure 2 T2-stage rectal cancer overstaged at MR imaging (3000/98) as a T3stage tumor in a 70-year-old male patient. MR image depicted tumor (T) with
speculations (white arrow) which turned out to desmoplastic reaction without
tumor cells at histology.

Mesorectal fascia status
Mesorectal fascia was visualized on MRI in all patients,
which was depicted as a thin, low-signal-intensity structure
that envelops the mesorectum and surrounds the perirectal
fat. Mesorectal fascia was involved in 15 patients found by
pathologists using a cutoff distance of 2 mm between a
tumor and the mesorectal fascia[3,4]. The overall accuracy
was 88% for predicting mesorectal fascia involvement
(Figures 4B and C). The sensitivity, specificity, positive
predictive value, and negative predictive value was 80%
(12/15), 90.4% (47/52), 70.6% (12/17) and 94% (47/50),
respectively. One false-negative case was due to failure

Colorectal cancer is one of the most common malignant
tumors and its incidence is increasing, and rectal cancer
is the main part of the colorectal cancer in China [1] .
Rectal cancer has a higher recurrence rate than colon
cancer, because of the extensive lymphatic drainage of
the pelvis. TME removes the tumor-containing rectum
and its draining lymph nodes as a distinct anatomic
package, which results in reduced local recurrence rates[5].
Kapiteijn et al[8] reported that preoperative radiotherapy
in combination with standardized TME reduces the local
recurrence rate from 8.2% to 2.4% at a 2-year follow-up
compared with TME only, but the significant beneficial
effect was only observed for T3, T4 or node positive
tumors. This study provides strong evidence that patients
with T3, T4 or node positive rectal cancer indicated
preoperative radiotherapy even when optimal surgery is
performed. Recent reports provide convincing evidence
of the superiority of preoperative chemoradiotherapy
www.wjgnet.com
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Figure 4 A: T3-stage rectal cancer without
mesorectal fascia involvement in a 57-yearold female patient. Axial T 2 W-TSE MR
image (3000/98) manifested bulky tumor
with broad-based nodular (T) with clear
margin (white arrows); B: T3-stage rectal
cancer with involved mesorectal fascia
in a 79-year-old male patient. Axial T2WTSE MR image (3000/98) showed tumor
(T) extending to mesorectal fascia (white
arrows); C: T3-stage rectal cancer with
involved mesorectal fascia in a 65-yearold male patient. Axial T2W-TSE MR image
(3000/98) showed heterogeneous strands
are noted in the perirectal fat tissues with
the thicken mesorectal fascia; D: T3-stage
rectal cancer with extramural deposits in a
62-year-old female patient. Axial T2W-TSE
MR image (3000/98) showed extramural
deposits (T) in the perirectal space with
irregular shape.
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Table 2 Accuracy for each T stage (n /n )%
U
T

Accuracy
Sensitivity
Specificity
PPV
NPV

≤ pT2 (n = 20)

pT3 (n = 42)

pT4 (n = 5)

(60/67) 89.6
(14/20) 70.0
(46/47) 97.9
(14/15) 93.3
(46/52) 88.5

(57/67) 85.1
(38/42) 90.5
(19/25) 76.0
(38/44) 86.4
(19/23) 82.6

(64/67) 95.5
(5/5) 100
(59/62) 95.2
(5/8) 62.5
(59/59) 100

PPV: positive predictive value; NPV: negative predictive value.

Figure 5 T4-stage rectal cancer with fixation to uterus in a 76-year-old female
patient. Axial T2W-TSE MR image (3000/98) showed direct invasion (white arrows)
of tumour (T) into uterus (U).

over postoperative chemoradiotherapy [9,10], especially
for patients with a close or involved resection margin
at TME [10], So precise evaluation of mesorectal fascia
involvement is a second important step for patients who
are suitable for TME. However, one disadvantage of
preoperative chemoradiotherapy is the possibility of over
treatment for early-stage tumors. So with the increasing
use of neoadjuvant therapy in patients with rectal cancer,
accurate staging is needed to avoid unnecessary treatment
for early stage tumors.
There have been studies on rectal cancer imaging
comparing with endorectal ultrasonography (EUS),
computed tomography (CT), and MR imaging [19,20] .
Endoluminal US was considered to be the most accurate
modality compared with CT and MR imaging for
evaluation of local invasion of rectal cancer, however, it
has several limitations: operator dependency; limitation
www.wjgnet.com

to tumors located in the upper rectum when a rigid
probe is used; no assessment of stenotic tumors; and
inability to visualize the mesorectal fascia[19,21]. Although
CT was the first technique introduced, it has limitations
in differentiating and distinguishing different layers of
the rectal wall, and has lower overall accuracy than EUS
and MR. But multi-detector row spiral CT scanners, with
reconstructions in multiplanar reformations (MPRs),
are expected to provide a higher overall accuracy (83%,
34/41). The distance of the tumor to the mesorectal fascia
was not assessed[22]. Studies of conventional MR with body
coil in imaging rectal tumors were disappointing because
of poor spatial resolution[23]. High resolution T2-weighted
MRI with phased-array coil is able to depict the detailed
anatomy of rectal wall and perirectal structures related to
TME[24], and seems to be the best single method[21].
Brown et al[11] demonstrated 100% accuracy in the T
staging of 28 primary rectal cancers using high-resolution
images with a 0.6 mm × 0.6 mm in-plane resolution,
however this initial high accuracy and reproducibility were
not confirmed. Poon et al[13] reported an overall accuracy
of 74% using the similar technique. Our study with a
0.66 mm × 0.56 mm in-plane resolution showed that the

Rao SX� et al . High-resolution MRI of rectal cancer

overall accuracy was 85.1% for T staging. Although lowrisk T1 tumors may benefit from transanal endoscopic
microsurgery (TEM), the clinical value is limited for
those who already have a high risk of local recurrence
and lymph node metastasis at the time of operation[25,26].
Differentiation between T1 and T2 tumors may be of little
clinical consequence. On the other hand, high-resolution
MRI is difficult in distinguishing T1 and T2 tumors,
owing to loss of a clear interface between tumor within
submucosa and circular muscle[14]. In addition, as there
were few T1 patients (n = 3) in our study, we combined
T1 and T2 tumors to ≤ T2 stage. However, distinguishing
T3 from T2 lesions seems to be very important for the
use of preoperative therapy and its crucial criterion is
infiltration of perirectal fat. The minimal criterion for
assignment of pT3 is the absence of any mural muscle
between the leading edge of the tumor and the extramural
soft tissue. As Brown et al[11] described the presence of
tumor signal intensity extending into the perirectal fat
signal intensity with a broad-based bulging configuration
and in continuity with the intramural portion of the tumor
is correlated best with a T3 tumor on MR images[11], but
it is difficult to distinguish spiculation in the perirectal
fat caused by fibrosis only from that caused by fibrosis
containing tumor cells. Over-staging occurred in 6 (30%)
of 20 for T2 tumors in our study, similar to previous
report (38.5%, 5/13)[13], because of extramural fibrosis and
inflammatory reaction at the advancing edge of the tumor.
It is important to remember that an inflammatory reaction
at the expanding tumor margin occurs in about 25% of
rectal cancers[27]. Although Brown et al[11] considered that
peritumoral fibrosis has a distinct MR appearance that can
be distinguished from the tumor itself, we retrospectively
analyzed the over-staging images and failed to show any
helpful distinguishing features. So spiculated lesions
without preoperative treatment should be designated as
T3 rather than T2 disease. In addition, extramural tumor
nodules discontinuing from the primary tumor mass that
are irregular in shape, are of the T category as pT3[4]. The
irregular shape helps differentiate tumor deposit from
lymph nodes with smooth contours.
In T3 tumor, the measurement of the minimum
distance between the tumor and the mesorectal fascia
is particularly important [12,14,20]. Histology of resection
specimens has shown that the frequency of local
recurrence greatly decreases when a tumor-free CRM
of more than 1 mm can be obtained [2] . More recent
data have suggested that the risk of local recurrence
also is significantly increased with clearances of 2 mm
or less. Thus, clearance of 2 mm or less should be
considered a positive CRM[3,4]. Previous reports showed
the evaluation of the mesorectal fascia and the CRM
on the high-resolution phased-array MRI was highly
accurate and reliable, however, the precise measurement
is controversial [12,14,28] . Although these studies were
performed without distending rectum, other authors
recommended the use of distention to improve tumor
visualization and T staging [16-18]. It is unclear if rectal
distention has a detrimental effect on determining the
distance between tumor margin and mesorectal fascia.
So we distended rectum by administering tepid water of
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150-400 mL, and we used the criterion of a cutoff distance
of 2 mm between a tumor and the mesorectal fascia for
predicting CRM infiltration since rectal distention reduces
this distance. If the criteria (a cutoff distance of 6 mm)
suggested by Beets-Tan et al [12] were used, many cases
would be classified as CRM infiltration. Our performance
with rectal distention is comparable with the high
performance without rectal distention, with an accuracy
of 88%, sensitivity 80% and specificity 90.4%. Torkzad[29]
reported that there is a significant individual variation in
the amount of mesorectal fat, which is probably subjected
to mechanical pressure from the surrounding structures, so
the distance measured from the tumor to the mesorectal
fascia could also result in variations. Our study showed
that rectal distention did not decrease the distance within
2 mm in most patients, perhaps because tumor invasion
and desmoplastic reaction can stiffen adjacent tissues
against the effects of the compression, and the amount
of mesorectal fat compression is not enough to push
the tumor so close to the mesorectal fascia. In our study,
the problems in MRI evaluation of mesorectal fascia
involvement is (1) the thin perirectal fat in the anterior
part leading to difficulties in assessing anterior rectal
tumors; (2) ill-defined margins due to peritumor fibrosis
and inflammatory reaction leading to unprecise distance
measurement; and (3) different volumes of water resulting
in various rectal distentions and effects of mesorectal fat
compression.
In the differentiation of T3 and T4 tumors, the crucial
criterion is infiltration of adjacent structures. The MRI
criterion for T4 stage was the obliteration of fat planes
between tumor and adjacent organs, but sometimes a loss
of fat planes occurred due to an inflammatory reaction or
cachexia. Our results showed three T3 lesions were overstaged as MR-T4 disease. In one over-staged patient, the
absence of fat planes between the tumor and bladder was
due to an inflammatory reaction. The other two patients
had large exophytic mucinous adenocarcinoma, pressing
the uterus that simulated infiltrating uterus.
There were some limitations in this study. First, no
comparison was made between those with and without
the rectal distention; Second, the nodal involvement was
not assessed, which is still a diagnostic problem for the
radiologist depending on morphologic criteria[20]. Use of
ultra-small superparamagnetic iron oxide (USPIO) contrast
agents has shown promising results for staging nodal
metastases, but need further evaluations[30]. Third, different
volumes of water were used due to varying tolerance of
the patients.
Notwithstanding these limitations, high-resolution MRI
enables accurate preoperative assessment for T staging and
mesorectal fascia infiltration in rectal cancer with rectal
distention.

REFERENCES
1
2

Li M, Gu J. Changing patterns of colorectal cancer in China
over a period of 20 years. World J Gastroenterol 2005; 11:
4685-4688
Adam IJ, Mohamdee MO, Martin IG, Scott N, Finan PJ,
Johnston D, Dixon MF, Quirke P. Role of circumferential
margin involvement in the local recurrence of rectal cancer.
www.wjgnet.com

4146

3

4
5
6
7

8

9

10
11

12

13

14

15

16

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Lancet 1994; 344: 707-711
Nagtegaal ID, Marijnen CA, Kranenbarg EK, van de Velde CJ,
van Krieken JH. Circumferential margin involvement is still
an important predictor of local recurrence in rectal carcinoma:
not one millimeter but two millimeters is the limit. Am J Surg
Pathol 2002; 26: 350-357
Compton CC, Greene FL. The staging of colorectal cancer:
2004 and beyond. CA Cancer J Clin 2004; 54: 295-308
Heald RJ, Ryall RD. Recurrence and survival after total
mesorectal excision for rectal cancer. Lancet 1986; 1: 1479-1482
Improved survival with preoperative radiotherapy in
resectable rectal cancer. Swedish Rectal Cancer Trial. N Engl J
Med 1997; 336: 980-987
Ortholan C, Francois E, Thomas O, Benchimol D, Baulieux J,
Bosset JF, Gerard JP. Role of radiotherapy with surgery for T3
and resectable T4 rectal cancer: evidence from randomized
trials. Dis Colon Rectum 2006; 49: 302-310
Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH,
Wiggers T, Rutten HJ, Pahlman L, Glimelius B, van Krieken
JH, Leer JW, van de Velde CJ. Preoperative radiotherapy
combined with total mesorectal excision for resectable rectal
cancer. N Engl J Med 2001; 345: 638-646
Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind
C, Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF,
Karstens JH, Liersch T, Schmidberger H, Raab R. Preoperative
versus postoperative chemoradiotherapy for rectal cancer. N
Engl J Med 2004; 351: 1731-1740
Colorectal Cancer Collaborative Group. Adjuvant
radiotherapy for rectal cancer: a systematic overview of 8,507
patients from 22 randomised trials. Lancet 2001; 358: 1291-1304
Brown G, Richards CJ, Newcombe RG, Dallimore NS,
Radcliffe AG, Carey DP, Bourne MW, Williams GT. Rectal
carcinoma: thin-section MR imaging for staging in 28 patients.
Radiology 1999; 211: 215-222
Beets-Tan RG, Beets GL, Vliegen RF, Kessels AG, Van
Boven H, De Bruine A, von Meyenfeldt MF, Baeten CG, van
Engelshoven JM. Accuracy of magnetic resonance imaging
in prediction of tumour-free resection margin in rectal cancer
surgery. Lancet 2001; 357: 497-504
Poon FW, McDonald A, Anderson JH, Duthie F, Rodger C,
McCurrach G, McKee RF, Horgan PG, Foulis AK, Chong D,
Finlay IG. Accuracy of thin section magnetic resonance using
phased-array pelvic coil in predicting the T-staging of rectal
cancer. Eur J Radiol 2005; 53: 256-262
Brown G, Radcliffe AG, Newcombe RG, Dallimore NS,
Bourne MW, Williams GT. Preoperative assessment of
prognostic factors in rectal cancer using high-resolution
magnetic resonance imaging. Br J Surg 2003; 90: 355-364
Brown G, Daniels IR, Richardson C, Revell P, Peppercorn D,
Bourne M. Techniques and trouble-shooting in high spatial
resolution thin slice MRI for rectal cancer. Br J Radiol 2005; 78:
245-251
Kim MJ, Lim JS, Oh YT, Kim JH, Chung JJ, Joo SH, Kim NK,
Lee KY, Kim WH, Kim KW. Preoperative MRI of rectal cancer

17

18
19

20
21

22

23

24

25
26
27

28

29
30

August 14, 2007

Volume 13

Number 30

with and without rectal water filling: an intraindividual
comparison. AJR Am J Roentgenol 2004; 182: 1469-1476
Wallengren NO, Holtas S, Andren-Sandberg A, Jonsson E,
Kristoffersson DT, McGill S. Rectal carcinoma: double-contrast
MR imaging for preoperative staging. Radiology 2000; 215:
108-114
Goh JS, Goh JP, Wansaicheong GK. Methylcellulose as a rectal
contrast agent for MR imaging of rectal carcinoma. AJR Am J
Roentgenol 2002; 178: 1145-1146
Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt PM,
Stoker J. Rectal cancer: local staging and assessment of
lymph node involvement with endoluminal US, CT, and MR
imaging--a meta-analysis. Radiology 2004; 232: 773-783
Beets-Tan RG, Beets GL. Rectal cancer: review with emphasis
on MR imaging. Radiology 2004; 232: 335-346
Bianchi PP, Ceriani C, Rottoli M, Torzilli G, Pompili G, Malesci
A, Ferraroni M, Montorsi M. Endoscopic ultrasonography and
magnetic resonance in preoperative staging of rectal cancer:
comparison with histologic findings. J Gastrointest Surg 2005; 9:
1222-1227; discussion 1227-1228
Filippone A, Ambrosini R, Fuschi M, Marinelli T, Genovesi
D, Bonomo L. Preoperative T and N staging of colorectal
cancer: accuracy of contrast-enhanced multi-detector row CT
colonography--initial experience. Radiology 2004; 231: 83-90
Botterill ID, Blunt DM, Quirke P, Sebag-Montefiore D, Sagar
PM, Finan PJ, Chalmers AG. Evaluation of the role of preoperative magnetic resonance imaging in the management of
rectal cancer. Colorectal Dis 2001; 3: 295-303
Brown G, Kirkham A, Williams GT, Bourne M, Radcliffe AG,
Sayman J, Newell R, Sinnatamby C, Heald RJ. High-resolution
MRI of the anatomy important in total mesorectal excision of
the rectum. AJR Am J Roentgenol 2004; 182: 431-439
Burghardt J, Buess G. Transanal endoscopic microsurgery
(TEM): a new technique and development during a time
period of 20 years. Surg Technol Int 2005; 14: 131-137
Ganai S, Kanumuri P, Rao RS, Alexander AI. Local recurrence
after transanal endoscopic microsurgery for rectal polyps and
early cancers. Ann Surg Oncol 2006; 13: 547-556
Hulsmans FJ, Tio TL, Fockens P, Bosma A, Tytgat GN.
Assessment of tumor infiltration depth in rectal cancer with
transrectal sonography: caution is necessary. Radiology 1994;
190: 715-720
Bissett IP, Fernando CC, Hough DM, Cowan BR, Chau KY,
Young AA, Parry BR, Hill GL. Identification of the fascia
propria by magnetic resonance imaging and its relevance to
preoperative assessment of rectal cancer. Dis Colon Rectum
2001; 44: 259-265
Torkzad MR, Blomqvist L. The mesorectum: morphometric
assessment with magnetic resonance imaging. Eur Radiol 2005;
15: 1184-1191
Koh DM, Brown G, Temple L, Raja A, Toomey P, Bett N,
Norman AR, Husband JE. Rectal cancer: mesorectal lymph
nodes at MR imaging with USPIO versus histopathologic
findings--initial observations. Radiology 2004; 231: 91-99
S- Editor Zhu LH L- Editor Ma JY E- Editor Lu W

www.wjgnet.com

World J Gastroenterol 2007 August 14; 13(30): 4147-4148
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

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

CASE REPORT

Dedifferentiated liposarcoma arising from the sigmoid
mesocolon: A case report
Brody Winn, John Gao, Homayoon Akbari, Baishali Bhattacharya
Brody Winn, John Gao, Baishali Bhattacharya, Department
of Pathology and Surgery, Rhode Island Hospital, Warren Alpert
Medical School of Brown University, Providence, Rhode Island,
United States
Homayoon Akbari, Department of Surgery, Rhode Island
Hospital, Warren Alpert Medical School of Brown University,
Providence, Rhode Island, United States
Correspondence to: Baishali Bhattacharya, MD, Department
of Pathology, Rhode Island Hospital, 593 Eddy Street, APC-12,
Providence, RI 02903,
United States. bbhattacharya@lifespan.org
Telephone: +1-401-4445719 Fax: +1-401-4448514
Received: 2007-04-10
Accepted: 2007-04-30

Abstract
Dedifferentiated liposarcoma is a variant of liposarcoma
with a more aggressive course. It occurs most commonly
in the retroperitoneum and rarely in other anatomic
locations. In the present report, we describe a case of
dedifferentiated liposarcoma that occurred in an unusual
location, sigmoid mesocolon, which has not yet been
documented.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Liposarcoma is a common sarcoma of the soft tissue in
adults, occurring most commonly in the extremities and
retroperitoneum[��1�]. Well-differentiated liposarcoma is the
most common variant. Dedifferentiated liposarcoma is a
variant of liposarcoma with a worse prognosis, and occurs
1,2�]
most commonly in the retroperitoneum [����
. Although
well-differentiated liposarcoma arising from the sigmoid
3-5�]
mesocolon has been documented[����
, to the best of our
knowledge, dedifferentiated liposarcoma from this unusual
location has not been reported. This report describes such
a case in a 59-year-old male.
www.wjgnet.com

CASE REPORT
A 59-year-old previously healthy male presented as an
outpatient with complaints of fatigue, recent 20 pounds
weight loss, loss of appetite, and abdominal fullness.
Physical examination revealed an abdominal mass in the
left upper quadrant. CT scan of the abdomen showed
a 19 cm × 17 cm × 12 cm mass with a necrotic center
and an irregular soft tissue periphery. The mass was in
close approximation to the splenic flexure of the colon,
immediately anterior to the pancreas, and displaced the
stomach medially. A left hemicolectomy, and splenectomy
along with excision of the tail of the pancreas were
performed. Gross examination revealed a 25 cm grey,
fleshy mass with a necrotic center involving the wall
of the left colon apparently arising from the sigmoid
mesocolon (�������
F������
igure 1A).
����������������������������������������
An ulcer was present in the center
of the large bowel segment, likely from pressure effect
(�������
F������
igure �������
1A). A ������
13 cm × 10 cm × 7 cm homogenous
pale yellow, fatty mass was present at the periphery
corresponding to the well differentiated component,
composed of numerous lipoblasts and fibrous septa
(�������
F������
igure ��������������������������������������������������
1B). At the interface between the fatty and solid
areas, the histology showed an abrupt transition from
a well-differentiated component to a dedifferentiated
component resembling a high-grade malignant fibrous
histiocytoma (MFH) (�������
F������
igure ��������������������������
1C). The dedifferentiated
component was composed of pleomorphic, spindle
cells with elongated, hyperchromatic nuclei, admixed
with tumor giant cells, and abundant necrosis. The
mitotic index was two per high power field and atypical
mitoses were easily identified. The dedifferentiated
c o m p o n e n t i nva d e d i n t o t h e wa l l o f t h e c o l o n
(�������
F������
igure �����
1D). �������������������
Immunolabeling for ����������������������
S-100 was positive in
the well-differentiated component (as would be expected
of a liposarcoma). CD117 (C-KIT) and CD34 were
negative in the dedifferentiated component, thus ruling
out a gastrointestinal stromal tumor (GIST). Based
on the histology and immunoprofile, a diagnosis of
dedifferentiated liposarcoma was rendered.
Two and a half months postoperatively, a CT
scan showed a recurrent mass for which the patient
underwent resection of the posterior gastric wall and
distal pancreatectomy. The pathologic examination
revealed a mass (9.5����
cm� × 5.0����
cm� × 5.0 cm), which was
morphologically identical to the patient’s previous tumor.
Following adjuvant radiation therapy the patient was
doing relatively well two years after the diagnosis without
evidence of recurrent tumor.
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Figure 1 A: Gross picture showing a 25 cm dedifferentiated liposarcoma arising
from the sigmoid mesocolon. Notice the bowel mucosa is unremarkable except
for a small ulcer (arrow); B: The well-differentiated component showing numerous
lipoblasts and fibrous septae. The dedifferentiated component resembles a
malignant fibrous histiocytoma with pleomorphic nuclei and tumor giant cells
(HE, x 400); C: The area showing an abrupt transition from the well-differentiated
component to the dedifferentiated component (HE, x 40); D: The dedifferentiated
component invading into the bowel wall. The arrow points to the overlying bowel
mucosa (HE, x 40).

DISCUSSION
Liposarcoma is divided into five subtypes according
to the World Health Organization (well differentiated,
dedifferentiated, myxoid, pleomorphic, and mixed type)[��6�].
Both well-differentiated and dedifferentiated liposarcomas
have an equal sex predilection with the highest incidence in
the 6th-7th decade of life. Dedifferentiated liposarcomas are
defined histologically by a transition from well-differentiated
liposarcoma to a non-lipogenic sarcoma with variable
histological grade[��6�]. The dedifferentiated component can
resemble any sarcoma, but often mimics MFH like our
case[��2�]. Interestingly, dedifferentiated liposarcoma, despite
its high-grade histology, has a less aggressive clinical course
than other types of high-grade sarcoma, although the
underlying mechanism is unclear [��6�]. Compared to welldifferentiated liposarcoma, dedifferentiated liposarcoma has
similar genetic changes, ring or giant marker chromosomes,
but has a worse prognosis [��6�]. Approximately 40% of
dedifferentiated liposarcomas will recur locally, 17% will
metastasize, and 28% of the patients will ultimately die
as a result of the tumor[��6�]. Therefore, it is important to
thoroughly sample the resected mass in order to identify the
non-lipogenic component, which may only comprise a small
portion of the tumor. Also sampling of the usually adjacent
innocuous looking fatty component is essential as this often
contains the well-differentiated liposarcoma component.
Dedifferentiated liposarcoma has been reported most
commonly in the retroperitoneum, rarely in other anatomic
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locations[2]. Five cases of dedifferentiated liposarcoma
have been described from the small bowel mesentery[8].
Although well-differentiated liposarcoma has been
3-5�]
documented in the sigmoid mesocolon[����
, dedifferentiated
liposarcoma from this unusual location has not been
reported. Another unusual feature about our case was the
dedifferentiated component transmurally invading the
bowel wall.
The location of the lesion in our case raises the
possibility of a GIST. GISTs usually resemble smooth
muscle tumor with a variety of histological patterns,
which does not consist of a well-differentiated
liposarcoma component, necessary for the diagnosis
of a dedifferentiated liposarcoma. GISTs typically stain
with CD117 and CD34 [9] . Immunohistochemically,
dedifferentiated liposarcoma is usually negative for CD117
and CD34 in the dedifferentiated component and positive
for S100 protein in the well-differentiated component.
Dedifferentiated liposarcoma needs to be distinguished
from other high-grade sarcomas such as MFH because
these high-grade sarcomas have a much worse prognosis[7].
On needle biopsies the distinction of dedifferentiated
liposarcoma from other high-grade sarcomas can be
problematic as the samples are usually small, and the
component of dedifferentiated liposarcoma can be
identical to other high-grade sarcomas.
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Abstract
Interferon (IFN) therapy is the only treatment strategy for
hepatitis C virus (HCV) infection after liver transplantation
(LT), but prophylactic and treatable IFN therapy after
LT has been shown to be insufficient due to the adverse
effects of IFN and rivabirin. In this paper, we describe
the disappearance of HCV after LT without IFN therapy
in the presence of residual viremia on the day of LT.
We herein report our findings since this is considered
an important case for the anti-HCV strategy of post LT.
A 60-year old woman with LC and HCC was referred to
Nagasaki University Hospital in August 2004. After she
underwent LT on February 18, 2005, we injected pegIFN-α-2a the 11th time at 18 wk and HCV-RNA was still
positive in the serum at LT. The serum HCV-RNA was
negative one month after operation and subsequently
dissolved 15 mo after operation without IFN therapy. As a
result, we speculate that if HCV-RNA is positive while HCV
core antigen is negative before LT, then it may lead to
clearance of HCV after LT. Therefore long acting peg-IFNα-2a is thus considered a potentially effective agent for
the treatment of HCV-related cirrhosis before LT.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Living donor liver transplantation (LDLT) has become a
common treatment strategy for hepatocellular carcinoma
(HCC) and end stage liver cirrhosis (LC) in Japan [1] .
However, hepatitis C virus (HCV) infection, the most
common cause of LDLT, is found in nearly all re-infected
graft livers, thus leading to a rapid progression to LC and
re-liver transplantation[2]. Interferon (IFN) treatment for
HCV infection after LT is the only treatment strategy at
present, but its effects are still incomplete[3]. Because the
titer of HCV is the most decay in early transplant phase
of liver transplantation[4], anti-HCV therapy could thus be
considered at this time[5], but prophylactic and treatable
IFN therapy after LT has so far been ineffective due to the
adverse effects of IFN and rivabirin[6].
Recently, pegylated interferon (peg-IFN), utilizing
polyethyleneglycol moiety attached to IFN via an amide bond,
has been used in the treatment of chronic HCV infection.
Peg-IFN-α-2a characterized by a prolonged absorption halflife (50 h), a restricted volume of distribution (8-12 L), and a
decreased clearance (94 mL/h)[7], has been found to be safe
and tolerable after LT[8]. We thus consider peg-IFN-α-2a a
potentially useful treatment of LC due to HCV infection in
patients awaiting liver transplantation.
In this case, we made an attempt to achieve HCV
clearance from a graft liver after LDLT. For this purpose,
peg-IFN-α-2a mono-therapy was performed for 13 wk
until LDLT. We observed the disappearance of HCV
after LDLT without IFN therapy in the presence of
residual viremia on the day of LDLT. The titer of HCV
disappeared in early post-LDLT due to the administration
of peg-IFN-α-2a. We herein report our findings.

CASE REPORT
A 60-year old woman with LC and HCC was referred
www.wjgnet.com

4150

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

to Nagasaki University Hospital in August 2004. She
was diagnosed having diabetes and HCV-related LC in
1995 and 1999, respectively, and had no history of blood
transfusion, alcohol abuse and intra-venous drug use.
After the diagnosis of LC, she was treated with IFN-α,
but this medication was stopped due to depression. In
August 2003, a tumor was detected measuring 3.5 cm in
diameter in the caudate lobe of the liver, she underwent
trans-arterial chemoembolization (TACE) therapy
twice in September 2003 and February 2004. The HCC
decreased and no new HCC was detected. However, she
suffered from hepatic encephalopathy (disorientation and
flapping tremor) in June 2004 and thus was hospitalized.
Consequently she and her family decided to undergo living
donor liver transplantation at our hospital.
She entered our hospital for evaluation of LDLT in
September 2004 (Figure 1). On admission, she had no
ascites or hepatic encephalopathy. Laboratory data revealed
2.0 mg/dL total bilirubin, 97 IU/L AST, 88 IU/L ALT,
855 IU/L ALP, 6.7 mg/dL total protein, 3.1 mg/dL
albumin, 76% prothrombin time and 81 000/µL platelets,
she was thus evaluated to be Child-Pugh grade B. Her HCV
genotype was 1b, and the viral load in serum was 1860
KIU/mL by Amplicor PCR or 3320 fmol/L by HCV core
antigen assay. HCC remained unchanged on admission. She
underwent peg-IFN-α-2a treatment with the goal of virus
clearance, because LDLT might be unnecessary depending
on the status of her liver function. We concluded that
LDLT should be performed after disappearance of HCVRNA in her serum. She received peg-IFN-α-2a, 90 µg once
a week from December 12, but we had to discontinue it
due to neutropenia (under 500/µL) after the first week of
therapy. As a result, we modified the regimen of peg-IFNα-2a treatment from once a week to once every two weeks.
At five weeks after initiation of peg-IFN-α-2a treatment,
HCV core antigen was not detectable in her serum, but
HCV-RNA was still detectable by qualitative PCR(nested
PCR) even at 12 wk after initiation of therapy. We therefore
decided to perform LDLT with her daughter as donor, since
the complete disappearance of HCV-RNA was thought to
be impossible. She underwent LDLT on February 18, 2005,
and we used peg-IFN-α-2a for the 11th time at 18 wk and
HCV-RNA was still positive in the serum at this time.
Surgery was successfully performed. Histopathological
examination revealed that the explanted liver exhibited
mixed macro and micro nodular cirrhosis, and three
tumors were observed in the caudate lobe, one of them
showed complete necrosis by TACE while the others were
viable and diagnosed with well-differentiated HCC, and
another well-differentiated HCC was found in the anterior
segment of the explanted liver. There was no-evidence
of vascular invasion of HCC. The patient was given
tacrolimus and predonisolone as immunosuppressants. On
postoperative day (POD) 2, she underwent re-anastomosis
of the hepatic artery, because of decreased arterial flow
caused by an intimal tear. On POD 5, she underwent
the third laparotomy, because of hematoma around the
portal vein and thrombosis in the portal vein. Due to food
aspiration, methicillin resistance staphylococcus aureus
(MRSA) caused pneumonia and a systemic infection. At
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Figure 1 Clinical course of the disease at our hospital. The upper diagram
showing the course of the virus titter, in which HCV is the core antigen (fmol/L),
and expediently negative HCV core antigen is denoted as 20 fmol/L and negative
qualitative HCV-RNA as 1 fmol/L. The lower diagram showing the course of total
bilirubin and AST. Three small arrows show abdominal operation after LDLT and a
large arrow demonstrates LDLT.

this time, icterus was worsening and the total bilirubin in
serum rose to 30 mg/dL on POD 30. She was treated with
intensive care, tracheostomy, artificial respiration, MRSA
specific antibiotics, hyperbaric oxygen therapy and steroid
pulse therapy. Finally, at post operative month (POM)
4, she was weaned off artificial respiration and her total
bililubin decreased to 3.1 mg/dL and she showed a good
recovery at POM 8. At POM 13, she was operated on for
anastomotic stricture of the common bile duct and was
then treated on an out-patient basis.
Serum HCV-RNA was negative at POM 1 and subsequently dissolved at POM 15. Liver biopsies performed
at POD 2, 5, 32 and POM 13 revealed no findings of HCV
reactivation.

DISCUSSION
Crippin JS and colleagues[9] tried IFN-α-2b (1 or 3 MU/d
three time a week) +/- ribavirin (400 mg) within 12 weeks,
and a loss of detectable HCV-RNA was seen in 5/15
(33%) patients. Thomas RM and colleagues[10] reported
that 12 cases (60%) responded to IFN- α -2b 5 MU/d
therapy before LT with a clearance of serum HCV-RNA,
four of the 12 cases did not show any evidence of HCV
recurrence after LD. Forns X and colleagues[11] used IFNα-2b 3 MU/d + ribavirin 800 mg/d and 9 cases (30%)
demonstrated a clearance of serum HCV-RNA, 6 of the 9
cases did not have any evidence of HCV recurrence after
LD. Recently, Everson GT and colleagues[12] described that
low dose IFN treatment, peg-IFN-α-2b 0.5 µg/kg per
week or IFN-α-2b 1.5 MU/d + ribavirin 600 mg/d per
six months for genotypes 2 and 3 or 1 year for genotype
1, was performed for advanced HCV patients, and 12
of 15 cases showing a clearance of HCV-RNA before
LT remained HCV-RNA negative 6 or more months
after transplantation and 32 cases who were positive for
HCV-RNA before remained HCV-RNA positive. In a
previous report [13], IFN therapy before LT was shown
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to be an effective treatment for the clearance of HCV
with advanced LC, but sustained HCV clearance after
LT was never acquired in patients with a detectable level
of HCV before LT. In contrast, our case demonstrated
a clearance of HCV-RNA regardless of the fact that
HCV-RNA in serum was positive before LDLT. After
liver transplantation, we did not prescribe cyclosporine
A and mycophenorate mofetil exerting anti-HCV effects
in vitro. We hypothesize that peg-IFN-α-2a as a long acting
IFN, when injected immediately prior to LDLT, may
thus induce an anti-viral activity in the anhepatic phase
and also soon after LDLT. The HCV titer is the lowest
in the anhepatic phase and the immediately early post
LDLT[4], therefore this period requires treatment in order
to achieve a clearance of HCV. In our case, HCV showed
trace quantities due to the negative HCV core antigen and
positive HCV-RNA. We thus speculate that trace quantities
of HCV in the graft respond to the continuing presence
of peg-IFN- α -2a, though a similar case has not been
reported up to now.
In cases of a sustained viral response to IFN therapy
after LT, hepatic fibrosis does not progress except for
other reasons of hepatic injury, rejection and stenosis
of bile [14,15]. HCV relapse post SVR after LT has been
reported at 7, 8 and 15 mo after treatment[15,16]. For the
reasons stated above, we must pay attention to advanced
liver fibrosis and HCV-RNA in the serum.
Based on our findings, we hypothesize that positive
HCV-RNA is positive and negative HCV core antigen
before LT may lead to a clearance of HCV after LT, and
long acting peg-IFN-α-2a may be a potentially effective
agent for HCV infection before LT. This hypothesis
should be further confirmed.
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Abstract
Prolonged cholestasis is a very rare complication of
endoscopic retrograde cholangiography (ERC). Only few
cases with this complication are reported in the English
literature. We report persisting cholestatic jaundice in
a 73-year old man after successful therapeutic ERC for
choledocholithiasis. Serologic tests for viral and autoimmune
hepatitis were all negative. A second-look ERC was normal
also. He denied any medication except for prophylaxis given
intravenous 1 g ceftriaxon prior to the ERC procedure.
After an unsuccessful trial with ursodeoxycholic acid and
cholestyramine for 2 wk, this case was efficiently treated
with corticosteroids and plasmapheresis. His cholestatic
enzymes became normal and intense pruritis quickly
resolved after this treatment which lasted during his followup period. We discussed the possible mechanisms and
treatment alternatives of intrahepatic cholestasis associated
with the ERC procedure.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The main complications of endoscopic retrograde
www.wjgnet.com

cholangiography (ERC) and sphincterotomy are bleeding,
pancreatitis, perforation and cholangitis [1,2]. The wide
variety of miscellaneous complications of diagnostic
and therapeutic ERC have also been described in the
endoscopic literature, usually as single case reports,
including splenic trauma, portal venous air, gall-stone
ileus, intra-abdominal hemorrhage from injury to the
gastroepiploic artery, bleeding from bile duct varices and
necrotizing fasciitis[3-8]. Similarly, prolonged cholestasis is
a very rare complication of ERC[9,10] and a concern for
a retained common bile duct stone, inadequate biliary
drainage or another cause of liver disease. We describe a
case of prolonged cholestatic jaundice with intense pruritis
following successful therapeutic ERC in the absence of
a retained stone, inadequate biliary drainage or unrelated
cause of liver disease. This case gave a prompt response to
corticosteroid treatment and plasmapheresis.

CASE REPORT
A 73-year-old male was admitted with complaints of
epigastric pain and jaundice for the last few days. Physical
examination was normal except for the apparent icterus.
His laboratory results indicated elevated serum bilirubin
levels (total: 18.3 mg/dL, direct fraction: 12.9 mg/dL),
high alanine aminotransferase (ALT: 153 U/L, normal up
to 40 U/L), alkaline phosphatase (ALP: 349 U/L, normal
up to 130 U/L) and gammaglutamyl transpeptidase (GGT:
272 U/L, normal up to 40 U/L). An upper abdominal
ultrasonography revealed dilated biliary tree and calculi of
various sizes with associated acoustic shadows in the gall
bladder. He underwent ERC procedure. Half an hour prior
to ERC, a prophylaxis with 1 g intravenous ceftriaxone was
done. During the procedure, a cholangiography revealed
multiple filling defects consistent with stones and debris in
the dilated common bile duct. A standard sphincterotomy
was performed with gallstones and debris obstructing the
common bile duct removed endoscopically. Control with
balloon occlusion cholangiography was normal. However,
during the days following ERC, a progressive increase
of total and conjugated bilirubins (27.3 mg/dL and
15.5 mg/dL, respectively) associated with intense
pruritis was noted. Nevertheless, the patient had no
fever and his leukocyte count was within the normal
range. ERC was repeated due to concern for a retained
stone and cholangiography obtained at that time was
normal. To ascertain bile duct drains well enough, we
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placed a plastic biliary stent into the common bile duct.
However, the insertion of biliary stent did not improve
his jaundice. Three days after the second ERC, the
patient continued to have intense pruritus and elevated
cholestatic biochemical tests. Ten days later, his total and
direct bilirubin levels were 28.7 mg/dL and 17.2 mg/
dL, respectively and alkaline phosphatase 743 U/L. An
upper abdominal ultrasound was unrevealing. Hepatitis
B surface antigen and anti-hepatitis C virus antibody,
anti-nuclear and anti-mitochondrial antibodies were all
negative. There was no improvement in his pruritus and
blood tests despite treatment with ursodeoxycholic acid
(15 mg/kg per day) and cholestyramine (12 g/d) for 2
wk. He refused to undergo a liver biopsy. Cholestyramine
and ursodeoxycholic acid were stopped and we started
on treatment with prednisone (40 mg/d). Although his
serum bilirubin (10.7 mg/dL) and ALP (181 U/L) levels
gradually declined, his annoying pruritis continued. Bilary
stent was removed endoscopically and plasmapheresis
was performed. After plasmapheresis, pruritis promptly
declined. Prednisone was stopped. His liver function tests
were normal within 1 mo and remained stable after a
further 4 mo period of follow-up.

DISCUSSION
Prolonged cholestasis is a rare complication of ERC[3,4]. Our
patient developed prolonged cholestasis following successful
drainage of the bile ducts with ERC procedure. Viral,
mechanical, and immunologic etiologies were excluded
confidently in the present case. The only possible risk factor
regarding the etiology of cholestasis aggravated after ERC
was the administration of ceftriaxone before the procedure.
The cause of prolonged cholestasis after a successful
ERC is unclear. Four similar patients have been reported
previously, three of them recovered completely after
treatment with glucocorticoids[3,4]. Some speculated that
it might have been caused by allergy to the radio-contrast
material or antibiotics used during ERC leading to impaired
secretion of bilirubin[4]. Others also postulated that the
radio-contrast material used may be the responsible factor
for cholestatic injury after ERC as these materials are
capable of acting toxically on hepatocytes with disruption
of the canalicular plasma membrane[3]. Thus, it may be
reasonable to treat such patients with ursodeoxycholic
acid and glucocorticoids. If we cannot get a symptomatic
control of such complaints in these cases, plasmapheresis
can be an optimal alternative treatment modality which
has been successfully used to treat intractable pruritis
associated with cholestatic diseases [11,12]. Our patient’s
complaints abruptly improved soon after plasmapheresis
sessions. Although liver biopsy examination would be
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valuable to make a differential diagnosis better in the
setting of intrahepatic cholestasis, our patient refused
to undergo liver biopsy procedure. In the differential
diagnosis of refractory cholestasis in this case, stentinduced cholangitis or cholestasis should also be evaluated.
However, our case had no classic signs of stent-induced
cholangitis, including fever and right upper quadrant pain.
Moreover, sequential treatments with ursodeoxycholic
acid/cholestyramine and prednisone which were partially
successful in our case might not be useful in the setting of
cholestasis or cholangitis associated with the presence of
biliary stent.
We believe that intrahepatic cholestasis should be
considered in the differential diagnosis of persistent
jaundice after ERC when a retained common bile duct
stone and other causes of liver disease are excluded.
Plasmapheresis can be a therapeutic choice in these patients
with persistent pruritis and biochemical abnormalities
despite treatment with ursodeoxycholic acid, cholestyramine
and glucocorticoids.

REFERENCES
1
2
3
4
5
6

7
8
9
10
11

12

Freeman ML. Adverse outcomes of endoscopic retrograde
cholangiopancreatography: avoidance and management.
Gastrointest Endosc Clin N Am 2003; 13: 775-798, xi
Freeman ML. Complications of endoscopic biliary
sphincterotomy: a review. Endoscopy 1997; 29: 288-297
Herman JB, Levine MS, Long WB. Portal venous gas as a
complication of ERCP and endoscopic sphincterotomy. Am J
Gastroenterol 1995; 90: 828-829
Lewis FW, Moloo N, Stiegmann GV, Goff JS. Splenic injury
complicating therapeutic upper gastrointestinal endoscopy
and ERCP. Gastrointest Endosc 1991; 37: 632-633
Despland M, Clavien PA, Mentha G, Rohner A. Gallstone
ileus and bowel perforation after endoscopic sphincterotomy.
Am J Gastroenterol 1992; 87: 886-888
Risher WH, Smith JW. Intraperitoneal hemorrhage from injury
to the gastroepiploic artery: a complication of endoscopic
retrograde sphincterotomy. Gastrointest Endosc 1990; 36:
426-427
Rahmin MG, Tighe M, Jacobson IM. Safety of ERCP during an
acute MI. Am J Gastroenterol 1995; 90: 518-519
Welch NT, Ellis DJ, Bradby GV. Necrotizing fasciitis--a
complication of "successful" endoscopic sphincterotomy.
Gastrointest Endosc 1990; 36: 425-426
Dourakis SP, Mayroyannis C, Alexopoulou A, Hadziyannis
SJ. Prolonged cholestatic jaundice after endoscopic retrograde
cholangiography. Hepatogastroenterology 1997; 44: 677-680
Lee HM, Bonis PA, Kaplan MM. Persistent cholestatic jaundice
after ERCP. Am J Gastroenterol 2006; 101: 204-205
Warren JE, Blaylock RC, Silver RM. Plasmapheresis for the
treatment of intrahepatic cholestasis of pregnancy refractory
to medical treatment. Am J Obstet Gynecol 2005; 192:
2088-2089
Gomez RL, Griffin JW, Squires JE. Prolonged relief of
intractable pruritus in primary sclerosing cholangitis by
plasmapheresis. J Clin Gastroenterol 1986; 8: 301-303
S- Editor Zhu LH L- Editor Wang XL

E- Editor Liu Y

www.wjgnet.com

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

World J Gastroenterol 2007 August 14; 13(30): 4154-4155
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

CASE REPORT

Liposarcoma of the stomach: A rare case report
Konstantinos Tepetes, Gregory Christodoulidis, Michael E Spyridakis, Maria Nakou, George Koukoulis,
Konstantinos Hatzitheofilou
Konstantinos Tepetes, Gregory Christodoulidis, Michael E
Spyridakis, George Koukoulis, Konstantinos Hatzitheofilou,
General Surgery Department, University Hospital of Larissa,
Larissa, Greece
Maria Nakou, George Koukoulis, Pathology Department,
University Hospital of Larissa, Larissa, Greece
Correspondence to: Konstantinos Tepetes, Assistant
Professor, General Surgery Department, University Hospital of
Larissa, Athinas street, 241220 Larissa,
Greece. ktepetes@yahoo.co.uk
Telephone: +30-24-10682729
Received: 2007-04-06
Accepted: 2007-04-26

Abstract
Liposarcoma is the most common soft tissue sarcoma
a n d a c c o u n t s f o r 1 5 % - 2 0 % o f a ll m e s e n c h y m a l
malignancies. The tumor occurs most frequently in the
limbs, retroperitoneum and rarely has a visceral location.
We report a case of a gastric liposarcoma in a male
patient. A 68 years old male patient was admitted to
hospital for abdominal discomfort and fullness lasting
for a month. He reported rare episodes of vomiting.
The CT examination revealed a large epigastric mass
(8 cm x 4 cm) involving the lesser curvature of the
stomach, in contact with the pancreas and gallbladder.
Fatty areas within the mass were evident. A total
gastrectomy together with cholecystectomy was
performed. The histopathological diagnosis was a well
differentiated liposarcoma. The patient did not undergo
any adjuvant treatment, he is under close follow up and
two years later he is disease free. We report this case
due to the rarity of this tumor in the stomach (nine cases
reported in the literature).
© 2007 WJG . All rights reserved.
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15%-20% of all patients with sarcoma. The hallmark of
liposarcoma is the immature fat cells or lipoblasts. It is
usually localized in the limbs, retroperitoneum and trunk.
Viscera rarely are involved. Histologically, liposarcomas
are subdivided into-differentiated, myxoid, round cell
and pleomorphic [1] sarcomas. Gastric liposarcomas are
very rare and only a few (nine) cases have been reported
worldwide[2-4]. We report a case of a large epigastric mass
proven to be a gastric liposarcoma.

CASE REPORT
A 68-year old male patient was admitted to the surgical
ward with symptoms of abdominal pain and discomfort
localized in the epigastrium during the last month. He
reported rare episodes of vomiting and weight loss of
more than 8 kg in that period. He had not any specific past
medical history. At physical examination a palpable mass
was found in the epigastrium and the right upper quadrant.
Blood tests showed a mild leucocytosis and tumor marker
values were normal. Plain abdominal X-ray showed no
specific findings. Computed tomography (CT) examination
revealed a large epigastric mass (9 cm × 4 cm) arising
from the gastric fundus and protruding beyond the gastric
wall, being in contact with the pancreas and gallbladder.
Heterogeneous fatty density areas were demonstrated. No
hepatic metastasis or nodal involvements were detected.
An upper GI endoscopy revealed a mucosal lesion and the
posterior gastric wall seemed to be compressed (Figure 1).
The patient underwent a laparotomy. During laparotomy
the pancreas was found to be free of tumor involvement
and there were fibrous adhesions of the duodenum to the
gallbladder. A total gastrectomy was carried out due to
the size of the lesion in order to achieve negative margins,
cholecystectom was also performed. Histopathological
examination revealed a well-differentiated liposarcoma.
The tumor was basically composed of mature adipocytes
which varied in size and shape and had enlarged atypical
hyper chromatic nuclei. Uni- and multivacuolated lipoblasts
were sparsely distributed throughout the lesion. Mitotic
activity was generally very low, ranging from 0 to 1 mitosis
per 10 high-power fields (Figure 2).
The patient did not undergo any adjuvant treatment, he
was under close follow-up including biannual CT scanning
and upper GI endoscopy at the time we wrote our report
and 2 years later he was disease free.

INTRODUCTION

DISCUSSION

Liposarcoma is a common soft tissue tumor occurring in

Liposarcoma is primarily a tumor in adults with a peak
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Figure 1 Upper GI endoscopy showing a mucosal lesion in the gastric antrum
being suspected for lipomatous tumor.
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Figure 2 Multivacuolated (A) and univacuolated (B) lipoblasts as well as a
multivacuolated lipoblast positive immunohistostain for S-100 protein (C).

incidence between age 50 and 65. It is the most common
soft tissue sarcoma appearing anywhere in the body.
Gastric liposarcomas are extremely rare and characterized
by an exophytic growth being adherent to the gastric
wall. Its typical location is in the lesser cur vature.
Gastric liposarcomas originate due to proliferation of
undifferentiated mesenchymal cells within the submucosa
and the tunica muscularis layer of the stomach. As
with other sarcomas there are no characteristic clinical
findings[5].
Upper g astrointestinal series may suppor t the
diagnosis by the appearance of submucosal filling
defects. Gastroscopy may sometimes reveal ulcerations[5].
T he definite diagnosis is best established by CT
examination. There is a strong correlation between CT
and histopathological findings. Cytology has a value in
diagnosis since in adipose tissue tumors with fat content
less than 75% of the tumor volume, liposarcoma is the
most likely diagnosis[6].
Histologically, there are four types of liposarcomas:
well- differentiated, myxoid, round cell and pleomorphic.
Well- differentiated liposarcomas account for 40% of all
liposarcomas, having a peak incidence between the 5th and
7th decades. They are further subdivided into adipocytic,
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sclerosing, inflammatory and spindle cell subtypes[7]. Welldifferentiated liposarcomas have a risk for local recurrence
but no potential for metastasis. Myxoid liposarcomas are
characterized by a myxoid matrix and considered to be low
to intermediate grade lesions. In round cell type, there is an
excessive proliferation of small rounded cells. Pleomorphic
liposarcoma is a highly malignant lesion characterized
by increased mitotic activity and hemorrhage as well as
necrosis [8]. The term dedifferentiated liposarcoma has
been used to refer to lesions that appear to begin as lowgrade lesions but progress to high grade tumors and show
evidence of nonlipogenic differentiation[9].
The relation between the histopathological type and CT
findings is evident in such a way that well-differentiated
liposarcomas show the classic heterogeneous density,
myxoid type shows liquid cystic changes and round cell
and pleomorphic types are characterized by a nonspecific
solid structure[1,5].
Differential diagnosis of gastric liposarcoma includes
peritoneal liposarcoma, carcinoma engulfing perivisceral
fat, gastric stromal tumors, hepatic metastases adjacent to
the stomach, peritoneal carcinomatosis, lymphoma and
primary tumor of the omentum[10].
In conclusion, whenever a large exophytic mass
originating from the gastric wall is revealed at computed
tomography in the absence of secondary organ and
peritoneal involvement. The diagnosis of a gastric
liposarcoma should be considered, the treatment of choice
is surgical removal.
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concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration,
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Abstract
Whilst fruits and vegetables are an essential part of
our dietary intake, the role of fiber in the prevention
of colorectal diseases remains controversial. The main
feature of a high-fiber diet is its poor digestibility. Soluble
fiber like pectins, guar and ispaghula produce viscous
solutions in the gastrointestinal tract delaying small
bowel absorption and transit. Insoluble fiber, on the other
hand, pass largely unaltered through the gut. The more
fiber is ingested, the more stools will have to be passed.
Fermentation in the intestines results in build up of
large amounts of gases in the colon. This article reviews
the physiology of ingestion of fiber and defecation. It
also looks into the impact of dietary fiber on various
colorectal diseases. A strong case cannot be made for a
protective effect of dietary fiber against colorectal polyp
or cancer. Neither has fiber been found to be useful in
chronic constipation and irritable bowel syndrome. It is
also not useful in the treatment of perianal conditions.
The fiber deficit – diverticulosis theory should also be
challenged. The authors urge clinicians to keep an open
mind about fiber. One must be aware of the truths and
myths about fiber before recommending it.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Most patients exclaim that they have not been taking

adequate fiber when diagnosed with a colorectal disease.
Over the last 40 years, the benefits of high fiber diets have
been drummed into the minds of doctors and patients
alike. Whilst fruits and vegetables are an essential part
of our dietary intake, the role of fiber in the prevention
of colorectal diseases remains controversial. Burkitt [1]
first postulated the protective effects of fiber from his
observation of the rarity of haemorrhoids, diverticulosis
of the colon and colorectal cancer in an African diet rich
in fiber. The next three decades marked the tremendous
marketing of high fiber products and the development
of fiber supplements. There is hardly any modern
patient with constipation who is not on additional fiber
supplementation. Furthermore, it is rare indeed to find a
patient newly diagnosed with colorectal cancer who will
not blame himself for not having taken more fiber. Recent
studies have, however, not supported these benefits of
fiber. Excessive fiber intake may in fact be harmful[2]. This
paper reviews the current knowledge about fiber and
colorectal diseases.

PHYSIOLOGY OF DIETARY FIBER
INGESTION
The term “dietary fiber” in current usage encompasses a
broad range of substances. The word is not precise but its
public appeal has made it the darling buzzword of health
promotion. The main feature of a high-fiber diet is its poor
digestibility[3]. A distinction is often made between water
soluble substances such as pectins, guar, ispaghula and
some hemicelluloses, and insoluble fibers such as cellulose,
hemicelluloses and lignins (non polysaccharide plant cell
wall components). These substances differ in physicochemical properties (Table 1). Non-starch polysaccharides
quantitatively make up most of the fiber in our diet.
Soluble fiber like pectins, guar and ispaghula produce
viscous solutions in the gastrointestinal tract delaying
small bowel absorption. While this may reduce cholesterol
absorption, they may also inhibit pancreatic enzyme
activity and protein digestion leading to an antinutritive
effect[4]. These substances not only delay delivery of chyme
to the site of absorption but also impair the process
of hydrolysis by inhibiting pancreatic enzyme activity.
The production of sticky lumps in the intestine leads
to bloating and flatulence, which actually delays colonic
transit.
Insoluble fiber, on the other hand, pass largely
unaltered through the gut. Insoluble fiber is variably
fermented in the colon. However, up to 80% are excreted
in normal subjects [4]. It is thus obvious that the more
fiber is ingested, the more stools will have to be passed.
www.wjgnet.com
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Table 1 Classification of fiber
Material

Chemical structure

Source

Hydrolysis

Fermentation in colon

Pectins
Guar
Ispaghula
Hemicellulose

Nonstarch polysaccharide
Nonstarch polysaccharide
Acidic arabinoxylan
Nonstarch polysaccharide

Plant cell wall
Beans
Husks of seeds of platago ovata
Component of plants

Yes
Yes
Yes
Yes

Rapid
Rapid
Rapid
Variable

Cellulose
Hemicellulose
Lignin

Nonstarch polysaccharide
Nonstarch polysaccharide
Nonpolysaccharide cell wall component

Component of plants
Component of plants
Component of plants

Minimal
Partial
Nearly none

Variable
Variable
Minimal

Starch not digested
in small intestine

Polysaccharide

Legumes/ Grains

Minimal

Complete

Soluble fibers

Insoluble fibers

Resistant starch

Table 2 Case-control studies correlating dietary fiber with colorectal neoplasia
Reference

Country

Wakai et al 2006[15]
Levi et al 2001[16]
Ghadirian et al 1997[17]
Slattery et al 1997[18]
Little et al 1993[19]
Steinmetz et al 1993[20]

Japan
Switzerland
Canada
United States
United Kingdom
Australia

Number of cases/controls Odds ratio of CRC comparing highest to lowest fiber intake groups Dietary fiber protective
507/2535
286/550
402/668
1993/2410
147/329
220/438

0.65 (P < 0.05)
0.55 (P < 0.05)
0.50 (P < 0.01)
0.70 (95% CI 0.5-1.0)
0.60 (not significant after adjustment for energy intake)
0.77 (not significant)

Yes (colon)
Yes
Yes
No
No
No

CRC: Colorectal cancer.

Pure insoluble fiber is the ultimate junk food. It is
neither digestible nor absorbable and therefore devoid of
nutrition. People who ingest fiber are ingesting them to
make faeces only. Strange as it sounds, studies have been
performed just to show stool weight increases as fiber
intake increases[5]. It is already obvious by definition that
this must be the case. In normal individuals, mean colon
transit time is reduced when the stool weight is increased[5].
This is a normal physiological response necessary to clear
a colon packed with faeces. In constipated individuals, the
mean colonic time has not been found to be reduced as
much as in normal individuals[5]. This reflects an attenuated
response to a colon packed with faeces in individuals
constipated for whatever reasons.
Resistant starch is found in oats and cornflakes. They
are resistant to α -amylase digestion. Modest (10 g/d)
increases in resistant starch intake do not increase stool
output suggesting that it may be completely fermented
by colonic bacteria[4]. However, fermentation results in an
increased production of colonic gas, leading to bloatedness
and a distended abdomen.
One common but erroneous belief is that the moisture
content of stool is increased when fiber intake is increased.
The moisture content actually remains at 70% to 75% and
does not change when more fiber is consumed. For most
fiber substances, increase in quantity does not result in a
more effective holding of water in the gut lumen[3,6].
A high fiber diet has also been shown to be associated
with excessively long colons and a higher incidence of
megacolon and volvulus[7] suggesting a negative effect of
excessive fiber on colonic transit.
Fiber is fermented rapidly and may lead to a massive
surge in microbial activity in the colon. Hydrogen, methane
www.wjgnet.com

and carbon dioxide are then produced, causing cramps,
bloatedness and distension[8].
Indeed, the incidence of diverticulosis and complications
of diverticular disease have been increasing in the West
despite increase in dietary fiber intake[9]. This is probably
related to the massive gaseous build up associated with a
high dietary fiber intake.

FIBER AND COLORECTAL CANCER
Since the time that Burkitt sug g ested an inverse
relationship between fiber and colorectal cancer based
on epidemiological data [1], a number of international
correlation studies have been published. Initial studies
i n t h e s e ve n t i e s a n d e i g h t i e s s e e m e d t o suppor t
this theory [10-13] . However, with adjustments for the
confounding factors of associated meat and fat intake,
the correlation was weakened[10-12,14]. Liu et al studied data
from 20 industrialised countries. While they found that
after controlling for fiber, there was a highly significant
correlation between cholesterol intake and colon cancer,
the converse was not tr ue. When cholesterol was
controlled[12], there was no correlation between fiber and
colon cancer. McKeown-Eyssen et al also had similar
findings in a study of 38 countries after adjusting for
animal fat[11], that increased fiber did not correlate with
colon cancer.
There are also numerous case-control studies that have
been published on this topic[15-20]. The results are presented
in Table 2. Two systematic reviews of older case-control
studies published only managed to suggest a protective
effect of fiber. Trock et al [21] analysed 23 case-control
studies. Of these 23 studies, 15 demonstrated lower
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Table 3 Longitudinal studies correlating dietary fiber with colorectal neoplasia
Reference

Location

Cohort

Fuchs et al 1999[24]
Mai et al 2003[25]
Lin et al 2005[26]
Otani et al 2006[27]

US
US
US
Japan

88 757 (women)
45 491 (women)
36 976 (women)
86 412

Shin et al 2006[28]

China

73 314 (women)

Follow-up period
(yr)
16
8.5
10
10
5.7

Odds ratio of CRC comparing highest to lowest fiber
intake groups
0.95 (95% CI 0.73-1.25)
0.94 (95% CI 0.71-1.23)
0.75 (95% CI 0.48-1.17)
Hazard ratio of lowest fiber intake group compared to
highest group: 2.3 (95% CI 1.0-5.2)
1.1 (95% CI 0.6-1.8)

Dietary fiber
protective
No
No
No
No
No

CRC: Colorectal cancer.

Table 4 Intervention studies correlating dietary fiber with colorectal neoplasia
Reference
[30]

Alberts et al 2000
Schatzkin et al 2000[31]
Ishikawa et al 2005[33]
Jacobs et al 2006[34]

Setting

n

Intervention

Postpolypectomy
Postpolypectomy
Postpolypectomy
Postpolypectomy

2079
1429
398
3209
Pooled from 2 studies

Counselling
Fiber supplement
Fiber supplement
Fiber supplement

presence of colorectal cancer with higher fiber intake,
6 showed arguable results after adjustment while only 2
did not show a protective effect of fiber. They calculated
a combined odds ratio of 0.57 (95% CI 0.50-0.64) of
colorectal cancer for the subgroup with the highest fiber
or vegetable intake compared with the subgroup with the
lowest intake. Howe et al[22] subsequently pooled data from
13 case-control studies and arrived at a relative risk of
0.53 (95% CI 0.47-0.61) for development of colon cancer
in patients with the highest fiber intake. This study was
later criticised for methodological flaw[23], not taking into
account the quality of the studies included in the analysis.
A re-analysis of the higher quality studies revealed no
protective effect of fiber. Hence, one has to be careful of
case-control studies looking at fiber and colorectal cancer.
The problem of recall bias and confounding factors often
weaken these studies and evidence offered by these studies
is likely to be inconclusive.
Interestingly, more recently, better designed longitudinal
studies have not supported a correlation between fiber
and prevention of colorectal cancer. Fuchs et al[24] studied
88 757 nurses over 16 years and found no effect of dietary
fiber on colorectal cancer. Another study of 45 491 women
in the Breast Cancer Detection Demonstration Project[25]
over 8.5 years also found little evidence that dietary fiber
intake lowers the risk of colorectal cancer. Other studies
in China, Japan and the United States also failed to show a
protective effect of fiber from colorectal cancer[26-28]. These
studies are shown in Table 3. Park et al[29] pooled data from
13 prospective cohort studies and analysed data of 725 628
men and women and concluded, after accounting for other
dietary risk factors that high dietary fiber intake was not
associated with a reduced risk of colorectal cancer.
Several large interventional studies have also not been
able to demonstrate any effect of fiber supplements on
decreasing colorectal adenoma recurrence [30,31]. Alberts
et al[30] analysed 1303 postpolypectomy patients aged 40 to

End point

Odds ratio of recurrence Dietary fiber
in intervention group
protective
Recurrent adenoma at 4 yr
0.88 (95% CI 0.70-1.11)
No
Recurrent adenoma at 36 mo 1.00 (95% CI 0.90-1.12)
No
Recurrent adenoma at 4 yr
1.31 (95% CI 0.87-1.98)
No
Recurrent adenoma
0.91 (95% CI 0.78-1.06)
No

80 years. They used dietary supplementation in the form
of wheat bran. They estimated a mean total fiber intake of
27.5 g/d in the intervention group compared to 18.1 g/d in
the control group. They found no significant difference in
the recurrent adenoma rate between the 2 groups at 36 mo.
The other study by Schatzkin[31] analysed 1905 patients over
the age of 35 years. Intervention took the form of dietary
counselling. The recurrence rate of adenomas at 4 years
was similar in both the intervention and control groups. A
Cochrane review also concluded that there was no evidence
based on randomized trials that increased fiber will reduce
the incidence or recurrence of adenomatous polyps over a
2 to 4 year period[32]. Two more studies subsequently also
failed to demonstrate a protective effect of intervening with
fiber supplement on adenoma recurrence[33,34]. These studies
are shown in Table 4.
In summary, a strong recommendation cannot be made
for a protective effect of dietary fiber against colorectal
polyp or cancer. Despite a lack of evidence however,
current recommendations are still to increase dietary fiber.
In the latest position statement of the American Dietetic
Association[3], increasing dietary fiber is still promoted to
protect against colon cancer despite stating that there is no
proof of efficacy in this regard.

FIBER AND THE PHYSIOLOGY OF
DEFECATION
The first question that needs to be asked must be whether
one stool movement per day is the desired frequency for
everyone? There is no evidence to support the theory that
a long but normal residence of stools in the colon will
lead to physical diseases[35]. Secondly, if an individual has a
single bowel movement in a week but is able to evacuate all
the faecal material easily, does this constitute a pathological
bowel habit?
Infants on breast feeding are known to be able to go
www.wjgnet.com
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for long periods of time without any bowel movement.
This is because the breast milk is thoroughly absorbed
with minimal residue. Therefore, if an individual has a low
residue diet and therefore less frequent bowel movements
simply because there is less faecal material to evacuate, this
is not pathological.
On the other hand, if an individual ingests a large
amount of high fiber material, a large proportion of that
dietary intake will be unabsorbed and subsequent faecal
material will be very bulky. Fiber makes faeces bulkier and
heavier. In other words, the more fiber one ingests, the
more faeces one will have to evacuate. By the mass effect
of the formation of more faecal material, there will be a
resultant increase in frequency of evacuation. By increasing
fiber intake, stool frequency and faecal weight will be
correspondingly increased. However, this is a classic case
of rubbish in, rubbish out only.
The formation of large amounts of faecal material can
actually have a detrimental effect on the patient. Faeces
that is bulky and hard is more difficult to evacuate in a
patient with a pre-existing evacuatory problem. Increasing
faecal loading by increasing the fiber intake to increase
stool frequency cannot be logical if one is trying to
decrease colonic load as a motive.

FIBER IN CONSTIPATION AND IRRITABLE
BOWEL SYNDROME
Most physicians, including gastroenterologists and colorectal
surgeons are quick to prescribe fiber supplements for
constipation, citing inadequate fiber as the cause for
constipation. Most patients complaining of constipation
are likely to receive additional fiber from their doctors.
However, is there evidence that fiber supplementation
actually improves constipation?
A recent study from Brazil found that a low dietary
fiber dosage was not associated with constipation [36].
Several studies that looked at dietary fiber intake by people
with chronic constipation did not find any difference in
fiber intake compared to controls[37-40].
Muller-Lissner emphasized that a diet poor in fiber
should not be assumed to be the cause of chronic
constipation. In contrast, they found that many patients
with severe constipation deteriorated when dietary fiber
intake was increased [35] .This is in line with our own
experience. A recent prospective randomized crossover
trial comparing ispaghula husk with lactulose in the
treatment of idiopathic chronic constipation performed in
Singapore found that compared to fiber, lactulose resulted
in a significantly higher mean bowel frequency and less
bulking stool consistency. The adverse effects were similar.
More patients preferred the use of lactulose (61.5%) over
fiber (35.9%) to ease constipation[41]. Most patients who
are constipated are already on large amounts of dietary
fiber, having been influenced by the media and doctors in
promoting high fiber diets indiscriminately.
Voderholzer et al[42] studied 149 patients with chronic
constipation in Germany. The patients were treated with
Plantago ovata seeds, 15-30 g/d for a period of 6 wk. They
found that 80% of patients with slow transit and 63% of
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patients with a disorder of defaecation did not improve
with additional dietary fiber.
There are also a number of reviews on the role of fiber
in the treatment of irritable bowel syndrome. A review
of 17 studies mostly using either ispaghula or wheat bran,
found that fiber only conveyed marginal benefits on global
irritable bowel syndrome symptoms and constipation,
emphasizing that insoluble fiber may even worsen the
clinical outcome[43]. A meta-analysis of the use of bulking
agents in irritable bowel syndrome was performed in
Switzerland[44]. After exclusion of low-quality trials, the
odds ratio of symptomatic improvement with bulking
agents did not reach statistical significance. A Cochrane
review also found that there was no clear evidence of
benefit for bulking agents in irritable bowel syndrome[45].
A more recent randomized-controlled trial in the UK also
failed to show benefits of fiber over placebo[46].
Another noteworthy point is that although stool
frequency may be increased by the mass effect of fiber
packing in the colon in normal individuals, this is not so
in individuals who are chronically constipated. A meta
analysis found that bran did not reduce transit time as
expected in patients who are constipated[5]. A subsequent
population based study of older people also found that
dietary fiber did not reduce total transit time[47]. Another
recent publication from France examined the colonic
response to food in 323 constipated patients and 60 healthy
adults, and found that an abnormal colonic response to
food is frequently found in constipated patients[48]. There
have been recent demonstrations that patients with colonic
inertia actually have decreased volumes or numbers of
interstitial cells of Cajal and enteric neurons[49,50]. In these
patients, it will not make sense to increase their faecal
load. An increase in the fiber intake in these patients will
not result in a decrease in stool transit time. There is, in
fact, a deleterious effect of increasing faecal load without
effectively increasing evacuation!
Fiber is not helpful in patients who have defaecation
disorders. A recent study in France suggests that this
condition is more frequent than previously thought[51]. In
patients with pelvic floor dyssynergia, the main problem
is the paradoxical contraction or failure to relax the pelvic
floor during attempts to defaecate. Having large amounts
of bulky stool in the rectum is unlikely to improve
defaecation in these patients. Biofeedback is superior in
this situation[52]. Similarly, it will not serve any benefit for
patients with large rectoceles to have large bulky faeces,
which tend to aggravate the situation. In summary, there
is little physiological basis for increasing fiber intake and
thus bulkiness of the stool in constipating and defaecatory
disorders.

HEMORRHOIDS AND FISSURES
The need to evacuate large bulky stools frequently may
also give rise to various anorectal disorders including
haemorrhoids and anal fissures. The most important factor
in the pathogenesis of haemorrhoids is repeated straining
when passing stools[53]. This results in the disruption of the
suspensory ligaments of Park at the anal cushions leading
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to prolapse of haemorrhoidal tissue. We believe that the
frequent straining and passage of large bulky stools will in
fact result in compromise of these suspensory ligaments.
Passage of large bulky stools will also result in direct
trauma from stretching of the anal mucosa leading to
anal fissures. With the development of chronic fissure,
secondary anal sphincter spasm with resultant anodermal
ischaemia, it does not make sense to further worsen the
spasm by trying to force large bulky stools through the
anus.

DIVERTICULOSIS
The fiber deficiency hypothesis in the pathogenesis of
colonic diverticula has been widely quoted. The hypothesis
is that colons in areas of high fiber intake are large-bore
compared to areas of low fiber intake. The pressure
required to distend the colon, according to Laplace’s law,
is greatest where the radius is small and so passage of
faeces through a narrow colon requires greater luminal
pressure leading to formation of pulsion diverticula[54].
This hypothesis is actually not universally accepted and
controversy still exists. In fact, this hypothesis has never
been confirmed with controlled clinical studies comparing
healthy subjects with diverticular disease patients [55] .
Actually, the prevalence of diverticular disease in an Asian
community was found to be similar to that of American
and European studies and thus in variance with the widely
held belief that diverticulosis occurs less frequently in
oriental communities[56].
While there are numerous studies which found an
increased intake of fiber in Western populations over the
last 3 decades[57,58], the incidence of diverticular disease has
not been found to be reduced. Conversely the incidence
of diverticulosis and complications of diverticular disease
have been increasing in the West despite increase in dietary
intake[9]. We believe this is probably related to the massive
gaseous build up associated with a high dietary fiber intake
and that in fact fiber has an adverse effect on diverticular
disease.

SHOULD INCREASED FIBER INTAKE BE
RECOMMENDED?
The only benefits of fiber in the diet are in cases of
diabetes mellitus and hyperlipidaemia[4], due to its antinutritive effect. Fiber is non-absorbable and therefore
ingestion of large amounts leads to reduction in calorie
intake. High natural fiber-diets rich in digestible fiber also
produce gas, causing longer lasting satiety.
Soluble fiber supplements should be considered
when the desired effect is to delay gastric emptying and
small bowel transit. The situations that thus will benefit
from soluble fiber supplements are in cases of short gut
syndrome or after a total colectomy when the patient
suffers intractable frequent diarrhoea, as fiber bulks up
stools and normally results in constipation. It can also
be used temporarily in patients with diarrhoea secondary
to resection of the terminal ileum or cholecystectomy.
Soluble fiber supplements should also be considered in
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the treatment of anal incontinence where there is leakage
of liquid faeces, while symptoms are improved by making
the stools harder and more solid, and therefore more
constipated.
When one recommends a high fiber diet or prescribes
a fiber supplement, one must thus be very certain of what
the treatment goals are.

CONCLUSION
Whilst it is not the intention of the authors to totally
discourage fiber in the diet and the use of fiber supplements,
there does not seem to be much use for fiber in colorectal
diseases. We, however, want to emphasize that what we
have all been made to believe about fiber needs a second
look. We often choose to believe a lie, as a lie repeated
often enough by enough people becomes accepted as the
truth. We urge clinicians to keep an open mind. While
there are some benefits of a diet high in natural fiber, one
must know the exact indications before recommending
such a diet. Myths about fiber must be debunked and truth
installed.

COMMENTS
Background

Whilst fruits and vegetables are an essential part of our dietary intake, even the
role of fiber in the pathogenesis of diverticulosis has not reached consensus.
Although previous correlation and case-control studies have mostly shown fiber
to be protective in colorectal cancer, there are quite a number of newer large
prospective longitudinal studies that did not reveal a similar association. There
were then a few very high profile epic interventional studies that also failed to show
that fiber protects against adenoma recurrence. There is also controversy in the
use of fiber in patients with constipation and irritable bowel syndrome. Prescription
of more fiber has been very popular in these symptoms. However recent studies
of patients with chronic constipation have failed to show any beneficial results with
the use of fiber. Meta-analyses on irritable bowel syndrome also did not find any
clear benefit of using fiber. Even the role fiber in the pathogenesis of diverticulosis
has not reached consensus. This paper reviews the physiology and literature on
fiber in colorectal diseases.

Research frontiers

Continuing research is required to determine the exact role of fiber in various
colorectal diseases. These studies should not only be in the form of large well
designed clinical studies but also focus on the physiology of fiber ingestion and its
products of fermentation.

Applications

We want to emphasize that what we have all been made to believe about fiber
needs a second look We urge clinicians to keep an open mind. While there are
some benefits of a diet high in natural fiber, one must know the exact indications
before recommending such a diet. Myths about fiber must be debunked and truth
installed.

Peer review

This is a comprehensive review on the use of fiber supplements in many disease
conditions. The literature is cited well and the review is overall written well.
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Abstract
Discovered in 1989, the hepatitis C virus (HCV) continues
to cause significant morbidity and mortality world-wide
despite a huge research commitment to defining and
understanding the virus and the disease it causes. This
paper discusses a number of areas where progress in
the management of the HCV have not kept pace with the
scientific understanding of the HCV. It is suggested that
in the fields of HCV prevention and providing access to
treatment, practice falls short of what could be achieved.
The role of alcohol in the pathogenesis of HCV liver
injury is discussed. Discrimination against those with
HCV infection and particularly those in prison settings
fails to match good clinical practice. The complicated
processes of sharing information between specialty
groups is also discussed in an attempt to optimise
knowledge dissemination in this field.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The hepatitis C virus was discovered in 1989 and in the
18 years since the ground-breaking report by Choo and
colleagues[1] an enormous amount has been learned about
the virus, the disease is causes and about ways and means
of preventing transmission and treating those who have
become infected. It is estimated that between 130 and
www.wjgnet.com

170 million individuals are infected with the hepatitis
C virus (HCV) worldwide and transmission in high
risk populations continues to add to this number at an
unacceptable rate[2,3].
Treatments for this infection now offer up to a 90%
success rate in clearing some genotypes of the virus from
serum and liver with long-term follow-up now reaching
to 16 years and demonstrating the sustainability of the
viral control or eradication[4]. Virologists and molecular
virologists have provided great insights into the complexity
of this viral family which has 6 major genotypes and many
subgenotypes[5,6]. A cursory review of the current literature
however would leave many non-virologists unclear as to
whether there are 6, 9 or 12 major genotypes. Current
testing methodologies are not capable of giving absolutely
clear definition of the infection in a proportion of patients,
particularly those with more than one genotype infection
and those co-infected with hepatitis B virus (HBV)[7-9].
Recent reports that the virus is now able to be cultured
and studied as a virus rather than an RNA genome have
excited the hepatitis C research field appropriately[10,11]. It
has been remarkable how much progress has been made
in expanding our understanding of this virus without the
benefit of the live virus to work with. It is to be expected
that much greater progress will be made now that the
virus can be cultured and its responses to anti-virals tested
in vitro as well as in vivo.
A number of contentious areas have developed in the
field of hepatitis C medicine and virology and some of
these areas will be addressed in this review. The positive
developments in the HCV arena far outweigh the negatives
that a review of contentious issues might address.
Nevertheless it is relevant to address areas of contention as
they teach us much about this disease and our response to
it. Lessons can be learned about the virus and the disease
it produces but also, and more challengingly, about our
attitudes to patient groups, our unwillingness to learn from
others’ experiences and the problems of working across
specialty areas in our community to advance preventative
medicine strategies.
Controversial issues in HCV include: (1) societal
attitudes to those most at risk of acquiring HCV; (2)
attitudes to addressing the issue of HCV in prison
populations; (3) the role of alcohol in the pathogenesis of
liver damage experienced by those infected with the virus;
(4) providing equitable and justifiable access to anti-viral
therapies.
A number of challenges are posed by the HCV
epidemic. One of these relates to the reported changing
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genotype profiles in a number of countries [12-15]. This
confronts clinicians and virologists with the reality that we
are dealing with a very adaptive infectious agent and false
steps taken in haste may leave the medical field carrying
the consequences of poorly thought through strategies for
a long time to come.
Further challenges include: the need to reduce the
number of new infections as a matter of urgency; and
the need to address the factors that prevent specialists
in one discipline from learning from another specialty
field despite evidence that this would be productive and
beneficial to clinicians and patients alike.
In this review, each of these issues will be addressed
in an endeavour to broaden thinking about, and thus
responses to, this viral epidemic affecting millions
worldwide.

CONTROVERSIES CAUSING DEBATE
AND IMPEDING PROGRESS IN OUR
UNDERSTANDING OF HEPATITIS C
INFECTION AND THE PATHOGENESIS OF
LIVER DISEASE
Societal attitudes to those most at risk of acquiring HCV
The majority of those who are now infected with the HCV
in Western countries are individuals who inject drugs. The
majority of these inject illicit drugs[16-29]. In some societies
it is still possible to contract HCV infection from the
health care system as precautions to guarantee the safety
of the blood supply and to ensure adequate sterilisation
of re-used medical equipment are not and often cannot
be implemented fully. Efforts are being made in these
countries to minimise the risk but it is clear that it will be
some time before risks are reduced to zero, globally[30-32]
(Table 1).
HCV infected populations believe that their situation
is not recognised adequately by Governments, other
funding agencies and by the population in general[33-39].
While the Australian Government launched the first
National Hepatitis C Strategy in the world[40] populations
in this country believe that much more should be done to
decrease the number of new infections per annum and to
increase availability of treatment for those infected. Given
the national visibility of this disease one must ask why the
apparent lack of support for those who are at risk and
those who are infected. It may reside in the fact that the
at-risk population is a population who by definition are
functioning, at least some of the time, outside the law. It is
a fact that at many levels, communities and Governments
are slow to support the injecting drug using population.
In most countries, active injection use has until recently
or still does exclude individuals from consideration for
active anti-viral therapy [41-45] . More recently in some
countries (Australia included), this restriction has been
lifted. This change in policy allows individuals to access
treatment if they are on a methadone or buprenorphine
program [46-49] or if they are still actively using opioids
and express a desire to undergo treatment for their HCV
infection.
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Table 1 Factors impeding our understanding of HCV issues
world-wide
Societal attitudes to the infected community
Injecting drug use is seen as a moral weakness and thus not needing
to be addressed
Infection is the fault of the infected individual
Why should society expend money on those who undertake illicit
activities?
Societal attitudes to prisoners
Prisoners are imprisoned to be punished
Prison sentences are usually relatively brief so the prisoner can wait
for assessment and treatment
Drugs are not available in prison so there is no need for prevention
measures against HCV
Societal attitudes affect Health care worker attitudes
More discrimination against HCV infected individuals occurs in
health care settings than in the general community
Patients unwilling to disclose (their condition?) for fear of
discrimination leading to poor care
All these issues decrease open disclosure and impair a full understanding of
HCV transmission.

The early restrictions on access to treatment for
methadone patients or for active injecting users was seen
as discriminatory behaviour imposed unjustly on IDU's
by uncaring health bureaucracies. In reality there were
major concerns about drug side effects and tolerability of
the treatment program that lead to the decisions to focus
treatment on those who were perceived to be more capable
of completing the course of treatment required for
reasonable success[50-52]. Recent publications now provide
evidence for the efficacy and tolerability of treatment
for those on methadone programs but very few active
users are currently being offered treatment[52-56]. Why the
apparent discrimination against those who continue to use
illicit drugs? Those who work with regular heavy IDU's,
stress the complexity of life for these individuals. When
the demands of the treatment program and, in Australia,
the fact that the Government funds only one course of
treatment per individual are made known, most active
users defer the uptake of treatment until the other aspects
of their life are in order. This in fact is not discrimination
but informed decision making in action. In reality, society
is willing to support treatment when it is likely to be
successfully delivered and when risk of reinfection after
a course of treatment is minimised by active therapy for
drug dependence. It is true that many would not want
treatment to be wasted on those who are unable to adhere
to the rigorous schedule of interferon/ribavirin therapy
or on those who put themselves at risk of re-infection on
completion. Is this discrimination, pragmatism or rational
decision making in the face of escalating health care costs
and limited health budgets? I suggest for most who argue
for a reasoned allocation of this resource, it is the latter.
Should society care more about the population of
injection drug users who are at risk of HCV (9700 new
infections per annum in Australia, 88% of which will be
in IDU’s) or who are already infected with the HCV[57].
The answer here is yes but that concern may need to be
expressed in ways different from those currently employed.
Society may need to spend much more energy and
www.wjgnet.com
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resources reducing those burdens that drive young
people to experimental drug use in the first place rather
than providing the majority of funding to treat the
consequences of unsafe injecting practices. Care should
then be directed to those who are contemplating drug use
to ensure they are well informed on the risks of injecting
drug behaviours. Wherever possible, attempts must be
made to ensure that early injecting drug behaviour is
undertaken as safely as possible, with clean equipment. By
the time the majority of young people present at a Drug
and Alcohol Service in this country, they have already
become infected. Health care staff, are unlikely to be
able to attend injecting areas due to their own workloads
but support and advocacy groups could do a lot more
good at the coalface preventing infections than they
do by attending committee meetings and conferences.
Admittedly this will not assist those already infected but it
is this latter group, which is best helped by the Health care
system which does have treatments to offer.
The HCV epidemic will continue to grow as long
as drug use is not accepted as a reality, and an attractive
reality for many. Acceptance carries with it a need to
then act rationally to minimise the damage it does while
seeking to expand treatment services to meet the needs
of those who are dependent or erratic users. Methadone
and buprenorphine programs do reduce infection rates
in dependent drug users. Prescribed amphetamines may
achieve a similar effect. Resources need to be directed
to these programs which, in many countries, are under
resourced[58-62].
Attitudes to addressing the issue of HCV in prison
populations
For many, prison is a place of punishment and that is all
there is to it. The fact that prisons are an incubator for
an infectious disease like HCV has no meaning for them.
The reality is that in Western countries, a high percentage
of prisoners are incarcerated for drug related crimes[63,64].
A high percentage of these inmates are HCV positive, the
majority infected rather than immune. Drug use occurs in
prisons despite significant effort being directed to keeping
drugs out of prisons[65-67]. Individuals entering an Australian
prison, HCV negative have a 10% per annum chance of
becoming infected with the virus. Attempts to modify
the prison experience in a way that would reduce risk of
infection with blood-borne viruses and optimise the testing
for and management of the HCV and HBV problems
in prison do not meet support in any consistent way.
These problems are experienced in Australia and around
the globe [68-78]. It is encouraging that progress is being
made in different ways in different countries. Drug free
prisons are the least cost-effective and saleable solutions
to this problem of a rampant epidemic in a subset of
our community. The provision of testing facilities for
HCV and HBV, support and advice for those who test
positive and treatment of those who warrant it for their
HCV are steps that should be taken in all prison settings.
This is not the case in many jurisdictions. Reducing the
risk of transmission within the prison population is not
easy but treatment of infected individuals is one positive

www.wjgnet.com

August 21, 2007

Volume 13

Number 31

step in the correct direction. Offering clean razors,
toothbrushes, possibly tattooing equipment will reduce
risk of transmission from contaminated shared equipment
in this setting. Offering access to methadone programs
in prison will reduce the need to use illicit opioids and
this has a major impact on risk of disease acquisition[74].
The need for and value of needle/syringe exchange
programs in prison settings are debated energetically in
most countries and only a few have implemented these.
Where these programs exist they are declared to be safe
and that they do not increase risk of harm to corrections
officers [79-81]. Providing needles and syringes but not a
pure drug to inject does appear difficult to justify to the
community at large and it would be a brave soul who
would recommend providing heroin in gaol to individuals
whose heroin related crime has landed them in gaol in
the first place. It is clear that optimal management of the
anxiety, depression and dependence that characterises
life for those behind bars should minimise the need for
needle exchange programs in prison. Society will support
rational endeavours based on facts that demonstrate the
reasonableness of these endeavours. Prisoners do need
more evidence to support preventive health measures
if those measures appear irrational to the community.
Progress will be made if those advocating for the prison
population are prepared to mount factual arguments. Facts
at present would justify testing, supportive care, anti-viral
therapy and clean equipment for all activities which may
be associated with transmission of blood-borne viruses in
prison settings.
Despite obstacles, considerable work has been done
in prison settings in relation to HCV. Research is being
undertaken and treatment offered to some selected
prisoners in some countries. This is encouraging but more
needs to be done.
The role of alcohol in the pathogenesis of liver damage
experienced by those infected with the virus
There are some who believe that liver disease in HCV
infected individuals is all caused by excessive alcohol
intake. This approach is seen in many who work in the
Drug and Alcohol field and it is these Health care workers
who are least likely to deal with the HCV epidemic in
their clinic settings. This is a preventive health disaster.
How can such beliefs be held in the face of such a body
of knowledge in relation to HCV and hepatitis C liver
disease?
(1) Many HCV infected individuals do drink above
safe drinking levels. (2) Data suggest that drinking above
40 gm/d does worsen the degree of liver injury in HCV
infected individuals[82-87]. (3) HCV histology has for years
been recognised to differ from HBV histology and in HCV
steatosis has been a feature reported from the early days of
the study of this disease. (4) Reducing alcohol intake from
any level tends to improve liver tests in patients with HCV
infection, at least for a short period. (5) Women, who tend
to consume less alcohol than men, tend to have milder
HCV related liver disease.
In response to this argument many facts can be
mounted which make a strong case that HCV related
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liver disease, while worsened by heavy alcohol intake, is a
specific entity requiring appropriate management by those
informed about the condition.
(1) HCV infected abstaining individuals do develop
liver injury with histological features typical of the
pattern seen in others with HCV disease. (2) Studies of
populations of HCV infected individuals who do consume
alcohol show that consistent worsening of liver disease
cannot be demonstrated until daily intake exceeds 40 g/d.
(3) Reducing alcohol intake in infected individuals with
abnormal liver tests may improve the liver tests in the
short term but the improvement is not always sustained.
(4) HCV effects on the hepatocyte have been shown to
predispose to lipid accumulation and the steatosis and
inflammation that accompanies the steatosis [88-90]. (5)
Patients who continue to consume alcohol despite advice
to reduce or cease intake can still achieve viral clearance on
anti-viral therapy and this does improve hepatic histology.
The impact of alcohol on HCV viral replication
remains controversial with some studies reporting that
replication is increased in the presence of alcohol and
other studies declaring that there is no effect[91,92].
In dealing with alcohol and HCV the available
evidence should encourage every clinician dealing with
HCV infected patients to become expert in the area of
obtaining an alcohol intake history and to always be aware
of the alcohol intake of patients being assessed for and
undergoing treatment for HCV infection. Patients are well
advised to reduce alcohol intake if they do have active
HCV liver diseases and if they are undergoing treatment.
Hepatologists do need to form strong links with local
Drug and Alcohol Services to enable referrals for alcohol
counselling to be made for relevant patients in a timely
fashion. There is no doubting the fact that many patients
with active HCV have problem alcohol consumption.
Conversely, Drug and Alcohol services need to be more
proactive in raising HCV in discussion with patients who
may now have an alcohol dependence problem but who
may, in the past, have had an injecting drug problem,
placing them at risk of acquiring HCV. Drug and Alcohol
Services should have an active policy of raising the issue
of blood borne virus infection risk with all patients,
offering and encouraging testing in all patients.
To drive more appropriate clinical management it is clear
that more accurate data in relation to the interaction between
alcohol and the HCV at clinical, pathophysiological and
virological levels are required as a matter of urgency[93-96].
Providing equitable and justifiable access to anti-viral
therapies
Treatment for HCV is successful in achieving a sustained
viral response in an increasing number of patients as
drugs and the protocols for using them improve [97-102].
Newer agents are being developed that will, in time,
increase response rates in those with interferon resistant
strains of infection[103-111]. Treatment is cost effective[112-116].
Given these realities it is surprising that only a minority
of patients are receiving treatment for HCV infection.
In Australia approximately 1% of infected patients are
receiving treatment each year. The aim is to increase this
to 5%-7% per annum as this is seen to be a rate at which

		

4171

some impact on the long-term complications of HCV
will be demonstrable at a population level[57]. Treatment
availability raises a number of important questions in
relation to therapy and HCV infection.
(1) W hat limits treatment uptake in a countr y
committed to addressing the HCV epidemic? (2) What
level of treatment uptake will impact on the spread of the
disease in specific populations e.g. prisons, injecting user
groups, a general community with low prevalence of HCV
infection? (3) Should all patients who request treatment
receive it? (4) Should individuals be given access to more
than one course of therapy? (5) How aggressive should
clinics be at this stage in testing to allow early decisions to
be made on treatment efficacy?
Research provides some guidance to assist the resolution
of some of these dilemmas. Uptake of treatment has been
slow in those countries that have made it relatively readily
available and in part this has reflected patient resistance
to a treatment that initially offered a low sustained
response rate accompanied by significant side effects.
Initially clinicians were cautious about use of the standard
interferon but as experience with its use increased, so
did willingness to encourage patients about its relative
safety and acceptability. As sustained viral response
rates increased with combination therapy more patients
have come forward for treatment. Despite significant
side effects of combination therapy, completion rates
for treatment courses are in the range of 90%-95% in
specialist liver clinics. Barriers to accessing treatment have
been another factor causing patients to hold back from
therapy. Liver biopsy was an absolute requirement for
accessing Government funded treatment in Australia until
April 2006. Patients often quoted the biopsy as a reason
for not wishing to consider therapy and a significant number
of those that had a biopsy were excluded from treatment
by histological findings that were not of a severity to allow
treatment to be funded. The latter outcome influences
other patients to avoid biopsy. In December 2005 Australia
removed the need for abnormal liver tests and in April
2006 the need for liver biopsy from requirements for
accessing treatment with pegylated interferon and ribavirin
and since April the number of patients being treated has
increased from an average 2000 per annum to a projected
3500 for the coming 12 mo. Another problem affecting
treatment numbers in many countries will be limited
resources available in Liver clinic settings. Increasing
patient numbers will exceed the capacity of clinics to
safely treat these patients. Considerable effort has been
made in many countries to increase the workforce capable
of dealing with HCV management. In Australia two
pathways being examined are: (1) encouraging shared care
programs with general practitioners and (2) examining the
role of nurse practitioners and clinical nurse consultants
in prescribing anti-virals and managing cases in their own
right.
General practitioners are being asked to take on the
management of more and more diseases previously
regarded as the property of specialist medical clinics
in teaching hospitals. Very few are seeking to take up
the challenge to treat HCV infected patients. Nurse
practitioners represent the most likely group to enhance
www.wjgnet.com
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services in Australia as they will be registered to prescribe
specific drugs and linked to liver clinic teams they could
greatly increase prescribing and management capacity.
Given increasing acceptability of treatment and a
lowering of barriers to access it becomes relevant to ask what level of treatment represents an appropriate level to
impact on long-term sequelae and on transmission rates?
Law and colleagues (Projections committee) suggest
that 7%-10% of the infected population should be treated
per annum if cirrhosis, liver failure and hepatocellular
carcinoma (HCC) are to be reduced in the decade ahead
in Australia. Similar figures would be expected to apply
for other Western countries. There are no published
data identifying the treatment rates required to reduce
transmission in a community of low or high prevalence.
The question of who should be treated when resources
are limited is also a difficult one. Australia dealt with
this by limiting Government funded treatment to those
with moderate fibrosis or mild fibrosis with significant
inflammation until recently. Recent papers reporting
greater viral clearance in those treated in the acute phase
of their illness raise the concern that treatment should not
be delayed if optimal outcomes are to be achieved[117-120].
Patients requesting treatment should be advised of
expected outcomes and risks and if they continue to
request treatment should e offered it in the absence of
contraindications. The question of re treatment for either
failed treatment or for re infection is receiving increasing
attention as new studies show efficacy of moderate
rates for re treatment[121,122]. Treatment of new infections
should achieve expected results for that genotype. New
algorithms for testing during treatment must be designed
to allow optimising of treatment duration and viral sup
pression[102,123,124]. Given limited resources it is imperative
that clinicians stop treatment as soon as it is apparent that
treatment is failing to achieve viral suppression or that it
will be effective in 12 or 20 wk rather than have all patients
treated for 24 or 48 wk. It may also be necessary to treat
some patients longer to achieve a sustained viral response.
Rational use of the current drugs demands more and
earlier HCV RNA testing.

CHALLENGES FACING THE HCV FIELD
Reducing the number of new infections in all countries
This demands a range of responses, all of them difficult
to achieve quickly. Where blood products cannot yet
be guaranteed to be safe from blood-borne viruses,
testing needs to be implemented as a matter of urgency.
Sterilisation of reused medical equipment must be
carried out at a level that ensures risks of acquisition are
minimised. The greatest challenge globally is to reduce
transmission in the injecting drug user population. In an
ideal world injecting drug use would not be an issue or if it
were a practice deemed acceptable it would be carried out
using clean injecting equipment and pure medications. This
is not likely to be the case in the foreseeable future. Until
this does happen, Governments and non-Government
organisations (NGO’s) have to work to: (1) Increase the
awareness of new recruits to injecting drug use of the
risks of this practice, including the high rate of HCV
www.wjgnet.com
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Table 2 Reducing the number of new HCV infections
Actions that are required to achieve a reduction in new infections:
Acknowledging the existence of the epidemic
Overcoming denial of the pathogenicity of the HCV
Accepting that this disease is more prevalent than HIV
Defining the natural history more accurately
Increasing understanding of the biology of the HCV
Requires a greater funding base for research
Greater collaborative effort between clinical and research centres
Defining transmission risks accurately
Working with injecting user groups an essential requirement
Studies with the virus will allow a great expansion of knowledge
Responding to these risks adequately
Governments must commit to addressing the epidemic
Increasing access to treatment
Define clinical pathways
Optimise access to treatment for those with more severe disease
Advertise treatment efficacy more clearly
Improving treatment efficacy

acquisition. (2) Increase the availability of clean injecting
equipment especially to those newly involved in injecting
practices. (3) Decrease the attractiveness of illicit injecting
drug use. (4) Increase the availability of opioid and other
drug treatment programs so that the demand for injection
drug use is reduced. (5) Increase testing of injecting
drug users for all blood-borne viruses and increase the
availability of appropriately timed treatment for HCV in
this group.
The tragedy of our current situation is that young
recruits to this destructive behaviour become infected
5-10 years before they are ready to present to a health
care system for advice and treatment. The critical role of
NGO's in reaching these young people before they become
infected and providing them with information, support
and clean injecting equipment cannot be underestimated.
Current efforts need to be increased now. We do not need
to wait for detailed sociological research studies to direct
this effort (Table 2).
The need to address the factors that underlie a tendency
of hepatologists to a slowness to learn from Infectious
Disease and especially HIV clinicians about the optimal
ways for dealing with viral infections
I venture into this area with trepidation and yet it is
important to learn from our colleagues and to avoid
making the same mistakes that others have if there are
data to guide progress in this field. HIV clinicians learned
early in the fight against this virus that several things were
important in managing the infection: (1) single anti-viral
therapies quickly lead to viral resistance. (2) management
of viral diseases can be assisted greatly by monitoring viral
kinetics and using the data to modify treatment protocols.
(3) viral suppression may be the best that can be offered in
some diseases. (4) viral suppression can improve prognosis
to a significant degree. (5) viruses are highly developed
organisms capable of modifying their behaviour in
response to the efforts of man to eradicate them.
Hepatologists in many parts of the world have not all
been willing to understand these lessons. It has taken some
years for the data on viral kinetics and clearance rates to be
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used in papers defining optimal treatment algorithms. We
still have a long way to go to get these right. It is reassuring
that standard therapy for HCV does incorporate two
anti-viral agents. The need for better protocols remains
a challenge especially for those infected with genotype
1 and 4 strains. One recent paper reporting the addition
of amantadine to combination therapy for those failing
standard treatment is a challenge for researchers seeking
to increase overall cure rates in this disease[125]. Hepatitis
C is being addressed more systematically than HBV
has been over the past 15 years. The HBV field has a
much greater challenge facing it as drug resistance to
monotherapies used over the past several years becomes a
major issue[126-128].
Infectious diseases physicians have been willing to
address HCV in their practices for some time and it is
imperative that this group of interested and highly capable
physicians are not prevented from treating these patients
simply because they are not hepatologists. As argued in
this review, the workforce need in this field is great and
all resources available to address patient needs should be
harnessed in the struggle to control the HCV epidemic.
While end-stage HCV management is the province
of the hepatology clinic, most patients with this disease
will not reach that endpoint. With improving treatment
options on the way and with early interventions which now
include early treatment of HCV infection it is to be hoped
that advanced HCV disease should become a problem of
the past. Treatment of the viral infection in its early stages
should be able to be undertaken by a range of clinicians
with skills in monitoring viral presence and response to
therapy. Virologists and infectious disease specialists are
ideally trained to assist in this process. There are more than
enough other liver diseases to keep hepatologists busy if
even 80% of HCV infected patients were treated by other
specialists and I include in this group, GP’s trained to
evaluate and manage HCV infection.
Specialty medicine has advanced the understanding of
medicine greatly but it has done so at the cost of impairing
communication between disciplines and Clinicians. That
has been a costly negative aspect to current views of
progress.
The HCV epidemic remains a major public health issue
globally. The efforts directed to addressing this specific
problem have been outstanding and much progress has
been made in a range of areas relating to the virus and
the disease associated with it. It is to be hoped that the
next decade will see the introduction of new agents to
control the virus, vaccines to protect and to enhance viral
clearance mechanisms and more pressingly, new ways to
protect young people from contracting the virus.
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Abstract
CT scan is regarded as the imaging modality of choice
in patients with pancreaticobiliary ductal abnormalities.
However, the axial orientation of the CT images provides
only limited anatomical view of pancreaticobiliary ductal
abnormalities. The technological advances of multi-detector row CT and three-dimensional image processing in
workstations allows rapid image acquisition and a short
postprocessing time. In particular, multiplanar reformations (MPR) and minimum intensity projections (MinIP)
offer rapid and accurate images of the anatomy and abnormalities of the pancreaticobiliary tree. Moreover, MPR
and MinIP help determine the relationship between the
pancreaticobiliary ductal anatomy and the surrounding
structures.�������������������������������������������������
������������������������������������������������
This pictorial review illustrates the wide spectrum of images obtained by the MPR and MinIP of the
anomalies and disorders of the pancreaticobiliary tree.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Conventional CT scan does not provide adequate
information about the pancreaticobiliary ductal anatomy
and its abnormalities because the orientation of these
ducts is not suitable for axial images. For this reason,
endoscopic retrog rade cholangiopancreatog raphy
(ERCP) and percutaneous transhepatic cholangiography
(PTC) have been used as the most sensitive and specific
diagnostic modalities and moreover these techniques have
therapeutic potential as well[1]. However, ERCP and PTC are
more invasive and time-consuming compared to CT scan.
As a non-invasive modality, MR cholangiopancreatography
(MRCP) has recently become a well-established diagnostic
tool for assessing the pancreaticobiliary tree[2].
Multi-detector row CT (MDCT) is a major advance
in the field of diagnostic imaging because it allows a fast
table speed, and when combined with thin slices, permits
data collection that is well suited for workstation analysis.
Cholangiopancreatographic images can be produced using
a workstation with advanced postprocessing techniques
such as multiplanar reformations (MPR) and minimum
intensity projections (MinIP). The MPR images using
MDCT gives rapid assessment of the pancreaticobiliary
ducts along different planes without loosing information
about the surrounding structures. MinIP images display the
voxel with the lowest attenuation number within a slab for
an arbitrary projection selected by the operator. By using
the MinIP technique, the fluid density, as contained in the
pancreaticobiliary duct, is picked up from the contrastenhanced vessel together with that of the enhanced
hepatic and pancreatic parenchyma[3,4]. The combined use
of MPR and MinIP techniques significantly improves the
images of the pancreatic and bile ducts and their site of
confluence compared with those obtained by the axial CT.
In this review, we examine the use of MPR and MinIP
in the assessment of the anomalies and disorders of the
pancreaticobiliary tree, and correlate the results with those
obtained with ERCP, MRCP and PTC. The specific topics
addressed include choledocholithiasis, cholangiocarcinoma,
gallbladder carcinoma with obstructive jaundice, pancreatitis,
pancreatic adenocarcinoma, pancreatic cystic neoplasms
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and congenital anomalies of the pancreaticobiliary tree.
We also discuss the limitations of using MPR and MinIP
in the assessment of anomalies and disorders of the
pancreaticobiliary tree.

IMAGING TECHNIQUES
CT scans were performed using a MDCT scanner (LightSpeed Ultra, GE Medical System, Milwaukee, WI). The
precontrast scan of the upper abdomen was performed to
screen for gallbladder or biliary duct stones. The postcontrast scan of the pancreaticobiliary system was performed
after a delay of 35 s for the arterial phase and a delay of
70 s for the portal venous phase after starting infusion
of 120-150 mL of nonionic contrast material at a rate of
3 mL/s through the antecubital vein. Biliary contrast material was not used. For the postcontrast scans, the technical parameters included detector row configuration of
8� mm�
��� ��
×������������������������������������������������
�����������������������������������������������
1.25 mm, collimation of 1.25 mm, a slice thickness of 5 mm, a table speed of 33.5 mm/rotation, a pitch
of 1.675 and a rotation time of 0.8 s. When the axial images revealed pancreaticobiliary abnormalities, the arterial
and portal venous phase images were additionally reconstructed at 1.25 mm intervals. The reconstructed images
were then transferred to a dedicated workstation and
the coronal, sagittal and oblique planes of the MPR and
MinIP images were created by radiologists who had 5-7
years’ experience with MPR and MinIP techniques. The
oblique angles for the MPR images were selected to follow the course of the pancreaticobiliary duct (Figure 1A).
Curved MPR images were also obtained interactively by
tracing a curved path through the imaging volume along
the course of the pancreaticobiliary duct (Figure 1B).
The MinIP technique was performed using different slab
thicknesses based on the dilatation of the pancreaticobiliary duct (Figure 1C).

EVALUATION OF THE BILE DUCT
Choledocholithiasis
Although CT scan is not the imaging study of choice in
patients with a clinical suspicion of choledocholithiasis,
bile duct stones can often be detected by this technique
in obstructive jaundice and acute upper abdominal pain.
Detection of bile duct stones on CT depends on the
density of the stone, the presence of bile duct dilatation
and CT parameters such as slice thickness, reconstruction
inter val, pitch, kVp, and use of a contrast agent [5] .
Especially, the ability to detect stones using CT scan is
strongly influenced by the attenuation of the stones.
Approximately 20% of the stones have isoattenuation
with bile, and these stones are usually not detected by CT.
MRCP has an excellent detection rate for bile duct stones,
with a specificity of 92%-100%[6]. However, MRCP is an
expensive technique, and is not suitable for patients with
a pacemaker or a metallic prosthesis. Although helical CT
cholangiography using intravenous biliary contrast agents
has provided good results in detecting choledocholithiasis,
this technique can result in serious allergic reactions and
moreover has a low spatial resolution.
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The MPR images using MDCT greatly improves the
ability to detect biliary stones, since the images increase the
conspicuity of stones within the bile duct. Coronal oblique
reformatted MPR images can readily identify stones within
the common bile duct (Figure 2). Because a MinIP image
shows only the minimum pixel value along a projection
within the range of a slab thickness, stones are most
clearly visualized when the slab thickness does not exceed
the size of the stone in the extrahepatic bile ducts[7]. In the
case of small stones when the slab thickness of MinIP is
wider than the size of the stone, the small stone may not
be demonstrated in the MinIP images (Figure 3).
Cholangiocarcinoma
Cholangiocarcinoma, an adenocarcinoma that arises
from the bile duct epithelium, is the most common
tumor of the biliary tract. It is usually classified as
extrahepatic, peripheral intrahepatic, hilar intrahepatic
cholangiocarcinoma. MRCP is useful in depicting the
severity of intrahepatic duct dilatation as well as the site
and extent of the mass. Furthermore, MRCP can delineate
the bile duct segments that are not opacified at ERCP or
PTC. CT cholangiography using an intravenous biliary
contrast agent can readily depict the bile duct. Yet it is not
effective in patients with high-grade bile duct obstruction
because of poor excretion of the biliary contrast material[8].
MDCT cholangiography using direct opacification of
the biliary tree via a biliary drainage tube is feasible for
defining the extent of ductal involvement in patients
with hilar cholangiocarcinoma[9]. However, it can only be
performed in selected patients who have a biliary drainage
tube.
Patients with cholangiocarcinoma that involves the extrahepatic bile ducts or the hilum usually have obstructive
jaundice. In these patients, CT is often the initial diagnostic
modality because of its versatility and availability. The high
speed and thin-section acquisition capability of multislice
helical CT, and the high-quality MPR and MinIP images
can better demonstrate the anatomy of the biliary tree[7].
These modalities provide an excellent overview of the
cholangiographic images in cholangiocarcinoma involving the common bile duct and the biliary hilum (Figure 4���
����
).
Therefore, combined evaluation with MPR and MinIP images, in addition to the axial images, is useful in evaluating
obstructive biliary diseases[7,10].
Gallbladder carcinoma with obstructive jaundice
Extension of cancer from the gallbladder, duodenum or
stomach can entrap and cause stenosis of the bile duct[1].
Obstructive jaundice is a common feature of gallbladder
carcinoma, since the tumor spreads along the cystic duct
to the extrahepatic bile duct. Lymph node enlargement
and intraductal extension of the tumor results in biliary
obstruction[11]. Although ERCP and PTC can demonstrate
the malignant obstruction of the bile duct, gallbladder
carcinoma itself is not visualized. By contrast, the relationship between gallbladder carcinoma and the obstructed
bile duct is nicely demonstrated on the MinIP images
(Figure 5���
����
).
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Figure 1 Examples of imaging techniques. A: The MPR (coronal oblique) image shows the extrahepatic bile duct as a hypoattenuated structure (arrows); B: The curved
MPR image shows the dilated and tortuous pancreatic duct with a stricture at the distal end (long arrow) in one plane; C: On the MinIP (coronal oblique 6 mm thickness
slab) image, the extrahepatic bile duct (arrows) and distal pancreatic duct (arrowheads) are well delineated as hypoattenuated tubular structures.
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Figure 2 Common bile duct stones in a 65-year-old man with right upper quadrant
pain. A: The MPR (coronal oblique) image demonstrates two stones (arrows) in
the common bile duct. B: ERCP shows two round filling defects (arrows) in the
extrahepatic bile duct, suggesting stones.

EVALUATION OF THE PANCREATIC DUCT
Pancreatitis
Pancreatitis is the most common benign disease involving the pancreas. The pancreatic duct in acute pancreatitis
is typically smooth and has a normal caliber, but it may
be compressed by the edematous pancreas[12]. As a result,
some of the pancreatic ducts in patients with acute pancreatitis may not be seen on MPR or MinIP images. By
contrast, in patients with chronic pancreatitis, the main
pancreatic duct and its side branches are dilated and have
irregular contours. In addition, there may be intraductal
calculi and stricture formation[13]. MPR can demonstrate
these abnormalities and the images approach those obtained with ERCP and MRCP (Figure 6���
����
).
Pancreatic pseudocysts are localized collections of pancreatic fluid, debris and blood, that are commonly associated with acute and chronic pancreatitis, but are also seen
after pancreatic trauma and in patients with pancreatic adenocarcinoma. Pseudocysts can have various locations and
sizes. A communication between the pancreatic duct and
pseudocyst is seen in less than 50% patients with ERCP[14].
Although ERCP has high specificity for the detection of
a communication between the pseudocyst and the pancre-

Figure 3 A small stone in the common bile duct of a 34-year-old woman with
epigastric pain. A: MinIP (coronal oblique 6.2 mm thickness slab) image shows
mild dilatation of the extrahepatic bile duct without delineation of the stone; B:
MinIP (coronal oblique 3.8 mm thickness slab) image with a slab thickness that
is thinner than the size of the stone shows the stone (black arrow) in the distal
common bile duct; C: MRCP demonstrates the low signal intensity of the stone
(white arrow) in the distal common bile duct.

atic duct, MinIP can also depict the ductal communication
with pseudocyst (Figure 7��
���
).
Pancreatic adenocarcinoma
Pancreatic adenocarcinoma originates from the pancreatic
duct. The majority are located in the head of the pancreas
(60%-65%), 20% occur in the body, 10% in the tail and
5% to 10% involve the entire gland[15]. The characteristic
finding is stenosis of pancreaticobiliary duct, with
obstruction of the pancreatic duct, the common bile duct
or both, resulting in the “double duct” sign [15]. MRCP
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Figure 4 Klatskin tumor in a 68 years old woman with jaundice and fever. A:
MinIP (coronal oblique 14.7 mm thickness slab) image shows an irregular mass
(arrows) in the hepatic hilum separating the right and left intrahepatic bile ducts; B:
PTC performed by injecting through catheters placed separately shows separation
of the right and left intrahepatic bile ducts.
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Figure 6 Chronic pancreatitis in a 68 years old woman with epigastric pain. A:
MPR (axial blique) images show an intraductal calculus and stricture (white arrow)
with upstream pancreatic duct dilatation (black arrows); B: MRCP demonstrates
findings similar to those seen in figure 6A. This diagnosis of chronic pancreatitis
was confirmed at surgery.

A

GB

B

Figure 5 Extrinsic invasion of the common hepatic duct by gallbladder carcinoma
in an 80 years old woman with jaundice. A: MinIP (coronal oblique 14.3 mm
thickness slab) image shows dilatation of the intrahepatic bile duct caused by an
irregular mass (arrows) in the common hepatic duct, which is the result of direct
invasion from the irregular wall thickening (arrowheads) of the gallbladder (GB).
This image depicts well the relationship between gallbladder carcinoma and the
obstructed biliary duct; B: PTC demonstrates only the biliary obstruction without
any suggestion of the cause.
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Figure 7 Pancreatic pseudocyst in a 64 years old man with epigastric pain. A:
MinIP (axial oblique 13.8 mm thickness slab) image shows a round cystic lesion
(arrows) in the pancreatic head, communicating (arrowhead) with the pancreatic
duct. This patient was diagnosed with pancreatitis on clinical and radiological
findings (not shown); B: ERCP image obtained with the patient on the right
lateral decubitus position shows the cystic lesion (arrows) filled with contrast
material, which represents communication between the cyst and the pancreatic
duct.
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Figure 8 Pancreatic head cancer in a 77 years old woman with jaundice. A: MinIP
(coronal oblique 6.1 mm thickness slab) image demonstrates dilatation of both the
bile duct and the pancreatic duct (white arrow), caused by cancer (black arrows) of
the pancreatic head; B: MRCP shows dilatation of the bile duct and the pancreatic
duct (double duct sign), which is a typical finding in pancreatic head cancer.

readily depicts pancreatic duct narrowing, upstream
dilatation and the presence of a mass, and has been found
to be as sensitive as ERCP.
However, CT is the imaging modality of choice when
making the initial diagnosis and for staging of pancreatic
adenocarcinoma [16]. Pancreatic adenocarcinoma usually
appears as a hypoattenuating mass on CT, and can be
distinguished from the normal enhancing pancreatic parenchyma during the parenchymal phase of enhancement.
Pancreatic adenocarcinoma involving the head commonly
obstructs the distal common bile duct. The MinIP images
can readily demonstrate the relationship of pancreatic
carcinoma with the pancreatic and the common bile ducts,
which may enhance the visualization of tumor from the
surrounding normal parenchyma (Figure 8���
����
).
Pancreatic cystic neoplasms
Pancreatic cystic neoplasms are classified as serous cystadenoma, mucinous cystic neoplasm and intraductal papillary
mucinous neoplasm (IPMN)[16]. In serous cystadenoma
and mucinous cystic neoplasms, it is not common to find
a communication between the neoplasm and the pancreatic duct. The imaging characteristics of IPMN vary
depending on the type of tumor. The main duct type may
be diffuse or there may be extensive dilatation of a segment of the pancreatic duct or of the entire pancreatic
duct. The branch duct type usually occurs in the uncinate
process, but can also occur in the body and tail of the
pancreas. The tumor may appear as a cluster of small cysts
with lobulating margin or as a single unilocular cyst that
is commonly mistaken for other cystic neoplasms. Thus,
a communication between the tumor and the pancreatic
duct may be the main feature of IPMN imaging that distinguishes this condition from other cystic neoplasms[17].
MRCP is considered as an excellent imaging modality for
determining whether a pancreatic cystic lesion communicates with the main pancreatic duct and for the assessment
of ductal involvement[18]. MPR and MinIP images using
MDCT technique not only improves the detection rate of
pancreatic cystic lesions, but can also enhance the diagnos-

B

C

Figure 9 Branch duct type of intraductal papillary mucinous neoplasm of the
pancreas in a 69 years old woman with epigastric discomfort. A: MinIP (axial
oblique 6.2 mm thickness slab) image shows a lobulated cystic lesion (arrows) that
is contiguous with the mildly prominent main pancreatic duct (black arrowheads); B:
The curved MPR image shows a communication (white arrow) between the cystic
mass and the pancreatic duct; C: ERCP shows a cystic branch duct (black arrows)
with an intraluminal filling defect (white arrowhead) that represents mucus. Mucus
was seen protruding from a patulous duodenal papilla (not shown).

tic capability by depicting the anatomic relationship between the pancreatic duct and the cystic lesion (Figure �����
9����
A).
Like MRCP, curved MPR can display the ductal anatomy
and the communication between the branching duct type
of IPMN and the main pancreatic duct (Figure 9���
����
B).
Congenital anomalies of the pancreaticobiliary tree
During radiological evaluation, it is not uncommon
to encounter a wide spectr um of anomalies of the
pancreaticobiliary tree that may have gone undetected
until adulthood. The most common congenital anomalies
are choledochal cyst, anomalous pancreaticobiliary ductal
union, aberrant biliary duct and pancreatic divisum.
Rare entities include choledochocele and annular
www.wjgnet.com

4182

ISSN 1007-9327

A

CN 14-1219/R

World J Gastroenterol

B

Figure 10 Choledochal cyst in a 7 years old girl with jaundice. A: MinIP (coronal
oblique 14.1 mm thickness slab) image shows dilatation of the entire extrahepatic
bile duct (black arrows) and a long common channel (white arrow). Note the
subtle increased attenuation (arrowheads) within the distal common bile duct,
which represents stones; B: Operative cholangiography shows dilatation of the
extrahepatic bile duct with a long common channel (white arrow), which is identical
to the findings obtained by MinIP (A).

pancreas. Although relatively uncommon, the increased
association of these anomalies with cholangitis, gallstones,
cholangiocarcinoma and pancreatitis makes their
recognition clinically important[19].
Choledochal cyst constitutes a spectrum of embryonic
malformations of the pancreaticobiliary duct that result
in biliary tree dilatation. An anomalous pancreaticobiliary
ductal union with a long common channel or dysfunction
of the sphincter of Oddi has been proposed to have a
causative role in the formation of choledochal cyst[20]. On
axial CT, choledochal cyst appears as cystic dilatation of
the extrahepatic or intrahepatic bile ducts. Cholangiography is necessary to confirm the diagnosis and to define the
ductal anatomy. MRCP allows adequate evaluation of the
pancreaticobiliary duct; it confirms the diagnosis and delineates the anatomy noninvasively[21]. MinIP with MDCT
provides detailed images of the anomalous pancreaticobiliary ductal union in the coronal plane[21], which mimic the
findings seen on a cholangiogram (Figure 1���
0��
).
Pancreatic divisum is the most common congenital
anomaly involving the pancreatic ductal system and is seen
in 5�����������������������
%����������������������
-14% of the population[22]. In this anomaly, the ducts
of the dorsal and ventral pancreas fail to fuse. On axial images, pancreas divisum is recognized easily by the presence
of the dorsal pancreatic duct anterior and superior to the
distal common bile duct. Alternatively, there is a dominant
dorsal duct sign[22]. Although the diagnosis of pancreatic
divisum is mostly established by ERCP, MRCP also has
been found to be highly accurate[23]. However, with the
increased use of MDCT and high quality workstations,
MinIP images readily depict the anomalous duct of pancreatic divisum (Figure 1����������������������������������
1���������������������������������
). It appears that MinIP reduces
the partial volume effect and thus permits visualization of
the non-dilated pancreatic ducts within the hyperattenuating pancreatic parenchyma.

LIMITATIONS OF MPR AND MinIP
MPR and MinIP images using multislice helical CT do not
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Figure 11 Pancreatic divisum in a 68-year-old man with epigastric discomfort. A:
MinIP (coronal oblique 6.2 mm thickness slab) images show the dorsal pancreatic
duct (black arrows) crossing the distal common bile duct (white arrow) superiorly to
enter the minor papilla; B: MRCP shows the prominent dorsal pancreatic duct (black
arrows) crossing the distal common bile duct. The ventral duct is not visualized.

depict the non-dilated peripheral bile ducts or small pancreatic ducts, which are not seen on the 2D axial images.
The ability to visualize the ducts on MinIP images depends
on the selection of an appropriate slab thickness[7]. A thick
slab may contain structures with attenuation lower than
that of the biliary and pancreatic juices. Therefore, focal disruption of the bile duct or pancreatic duct may be
seen (Figure 1�����������������������������������������������
2����������������������������������������������
A). Conversely, a slab that is too thin might
exclude a portion of the duct, which may result in loss of
the projection effect of a single image (Figure 1����������
2���������
B). Additionally, a tortuous bile duct or pancreatic duct may not be
demonstrated in a single image. Although a tortuous structure such as the pancreaticobiliary tree is well visualized
by curved MPR, it may not provide adequate anatomic
overview of the pancreaticobiliary duct along with the surrounding structures[24]. In addition, curved MPR images
are highly dependent on the accuracy of the operator who
draws the curve, and artifactual lesions may be created or
eccentric lesions may not be demonstrated.

CONCLUSION
MPR and MinIP images with MDCT provide useful
information in patients with anomalies and disorders
of the pancreaticobiliary tree. The images obtained
correlate well with studies such as MRCP, ERCP and
PTC. Despite some limitations, these techniques are useful
noninvasive imaging techniques for cholangiographic
and pancreatographic studies. In particular, MPR and
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Figure 12 Klatskin’s tumor in a 65 years old man with jaundice. A: MinIP (coronal
oblique 18.8 mm thickness slab) image shows focal disruption (white circle) of the
common hepatic duct due to the adjacent perihepatic fat; B: MinIP (coronal oblique
6.2 mm thickness slab) image shows focal loss (black circle) of the right posterior
inferior segmental duct due to exclusion by out of the slab range. However, severe
narrowing of the common hepatic duct (white arrow) is better visualized than
that seen on (A); C: MRCP shows a typical Klatskin tumor with narrowing of the
confluent portion of both intrahepatic bile ducts.

MinIP are very helpful in clarifying complex anatomic
relationships between the pancreaticobiliary tree and the
surrounding structures.
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CONCLUSION: Combination of AZT and FA-2-b-β has
an obviously synergetic effect in the gastric cancer cells
MKN45, which has provided a new approach to the
treatment of gastric cancer clinically.
© 2007 WJG . All rights reserved.
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Abstract
AIM: To investigate the synergistic effects of 3'-azido-3'deoxythymidine (AZT) and FA-2-b-β extracted from Ling
Jin mushroom on apoptosis of gastric cancer cells MKN45
in vitro .
METHODS: MTT analysis was made to examine the
inhibition rate of MKN45 cells treated with AZT (2.5, 5,
10 and 20 mg/L) and FA-2-b-β (5, 10, 20 and 40 mg/L)
singly and combinatively for 24, 48 and 72 h. Apoptotic
effects were evaluated by morphological methods,
DNA agarose gel electrophoresis and flow cytometry,
respectively. Telomerase activity was estimated by TRAPELISA. The mRNA expression of caspase-3 and Bcl-2
were detected by RT-PCR.
RESULTS: AZT and FA-2-b-β could significantly inhibit
MKN45 cell proliferation and induce its apoptosis. MKN45
cells were inhibited in dose- and time- dependent
manner. The inhibition effect of AZT combined with FA-2b-β was obviously better than that used singly (0.469 ±
0.022 vs 1.075 ± 0.055, P < 0.05, 0.325 ± 0.029 vs 0.469
± 0.022 P < 0.01). AZT used singly and combination
of FA-2-b-β could decrease the activity of tumor cell
telomerase, and AZT has synergistic function with FA2-b-β. A certain concentration of AZT could up-regulate
the expression of caspase-3 mRNA (r = 0.9969, P < 0.01),
which was positively related to apoptosis rate, and could
down-regulate the expression of Bcl-2 mRNA, which was
negatively related to apoptosis rate (r = 0.926, P < 0.01).
Furthermore, the effect of AZT combined with FA-2-b-β
was significantly higher than that used singly.

INTRODUCTION
Gastric cancer is the most common malignant tumor in
China. At present, there is still lack of effective treatment
for the cancer. The search for effective drugs or treatment
methods has been well concerned. Apoptosis is an active,
programmed cell death following genetic procedure, which
is a physiological phenomenon. It is believed that cellular
malignant proliferation and differentiation or apoptosis
inhibition are important pathological basis for malignant
tumor development. Clinically, killing the malignant cells
and inducing cell differentiation or apoptosis have become
the basic strategies for treating malignant tumors. Up
to now, many anti-tumor drugs have been discovered
to induce apoptosis of tumor cells. Intensity of antitumor effect in some anti-tumor drugs is parallelled to the
activity of inducing tumor cell apoptosis[1]. Telomerase
is a nuclear ribonuclear protein (RNP) that constantly
produces telomeric repeats which are added to the terminal
end of the chromosome to sustain the stability of the
chromosome, and to confer the ceil infinite proliferating
capacity. Previous research showed that there was a high
and strong positive expression of telomerase in almost
all malignant tumor tissues, however, the expression of
telomerase in normal somatic cells (except germ cells) was
negative. So the telomerase has become the most specific
and common marker of malignant tumors[2]. Telomerase
activity is high in gastric cancer tissues, and it is not only
the marker for specific malignant tumor, but also the ideal
target for tumor treatment. The inhibition of telomerase
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activity provides a new way to treat malignant tumors[3].
3’-azido-3’-deoxythymidine (AZT) is an inhibitor of reverse
transcriptase mainly used in the AIDS therapy. In recent
years, AZT has been used in tumor treatment, whose
mechanism is to competitively inhibit reverse transcription
process such as nucleoside analog, thus inhibiting the
activity of telomerase and blocking the elongation of
telomere[4]. Gomez[5] found that the long-term use of AZT
could shorten the telomere sequence of cultured HeLa
cells and reduce the activity of telomerase. The inhibitor
of telomerase may enhance the sensibility of tumor cell
to DNA detriment agent[6]. Sun et al[7] reported that AZT
induces gastric cancer SGC-7901 cell apoptosis. Agaricus
blazei is mycelium of fungi, which belongs to Basidiomycete
and is originated from Brazil. The artificial cultivation of
Agaricus blazei was established in 1978 at the Iwade Institute
in Japan, and since 1988 Agaricus blazei has been widely
cultivated in Japan and Indonesia. In recent years, many
experts have isolated and purified steroids, polysaccharides,
glycoprotein complex and nucleic acids from Agaricus blazei.
Its effective components and pharmaceutical functions have
been studied thoroughly. Agaricus blazei has been found to
possess anti-tumor functions[8-10], and increase immunity[11,12],
anti-mutation[13], and sterilization[14] In 1995, Professor
Liang Zheng in the Institutes of Botany, Chinese Academy
of Sciences, successfully cultivated it with wild strain from
virgin forest in Brazil, and named it Liang Jing mushroom.
Our research discovered that Liang Jing mushroom has
the anti-tumor and promoting haematopoiesis functions in
mice[15,16]. Although chemotherapy now plays an important
role in late-stage gastric cancer treatment, it has the
shortcoming of selective inhibition effects, intensive sideeffect, narrow anti-tumor span and easy drug tolerance.
We therefore, have tried to discover such natural products,
which have minimal or none side-effects and are more
effective than that of the existing natural products for
tumor treatment. We isolated further a novel type of RNAprotein complex (FA-2-b-β), a water-soluble extractive
constituent from Liang Jing Mushroom. It is reported that
the inhibition rates of Sarcoma 180/ICR-JCL mice by FA2-b-β were 85.8% and 74.5% through intravenous injection
and orally respectively 3 wk after the administration, and
complete regression rates of the tumor were 33.3% and
35.2% respectively 6 wk after the administration[17].
The purpose of this study is to use the combined AZT
and RNA-protein complex (FA-2-b- β ) extracted from
Liang Jing mushroom to treat gastric cancer cell MKN45
and examine its effects on inducing cell apoptosis so as
to explore the mechanism of the drugs and to provide
experimental data for new anti-tumor drug development
targeted on telomerase.

MATERIALS AND METHODS
Drugs and reagents
Liang Jing mushroom was provided by Hua Sheng Food
Limited Company in Fuzhou, China. The active RNAprotein complex, FA-2-b-β, was extracted and identified by
School of Chemistry and Chemical Engineering, Lanzhou
University, China. The previously reported methods of
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extraction were used [17-19]. Briefly, dried plant material
500 g was powdered with hot water and fractionated,
and the extract was purified by ethanol precipitation, gel
filtration, Deae-cellulose, and Sephadex G-200 column
chromatograph. FA-2-b- β of 4.86 g was obtained,
consisting of a RNA molecule, whose molecular weight
was estimated to be 10 000 by gel filtration method.
This fraction contained 15.7% protein and the major
constitutive sugar was D-ribose. Its [α] D value was +58.6°
(H2O) and a UV-spectrum showed a pattern specific to
nucleic acids. As nucleic acid base components, A, Ap,
Cp, Gp and some other modified bases were detected by
two dimensional TLC (thin-layer chromatography). The
RNA-protein complex, FA-2-b-β was diluted into required
concentration with double steamed water, then sterilized and
stored at 4℃. AZT was purchased from Sigma Company,
USA. AZT was diluted into required concentration with
saline. RNA extraction, RT-PCR and telomerase activity
kits were purchased from Roche Company, USA. Bcl-2
protein monoclonal antibody was purchased from the
Promega Company, USA. Caspase-3 primers were supplied
by Shanghai Biological Technique Service Company, Ltd,
China.
Cell culture
Gastric cancer cells MKN45 were purchased from Shanghai
Institute of Cell Biology, Chinese Academy of Sciences. The
cells suspension was adjusted to 2 × 105/mL and inoculated
into RPMI 1640 (Sigma, USA) within or without drugs
(containing 10% fetal calf serum, 100 U/mL penicillin
and 100 µg/mL streptomycin) at 37℃, 50 mL/L CO2 for
culture. The experimental cells were in logarithmic growth
phase.
Detection of drug sensitivity (MTT assay)
MKN45 cell suspension was inoculated into 96-well culture
plate with 100 μL in each well. The cells were divided into
AZT (2.5, 5, 10 and 20 mg/L) group, FA-2-b-β (5, 10, 20
and 40 mg/L) group, AZT (2.5, 5, 10 and 20 mg/L) +
FA-2-b-β (5 mg/L) group and control group. Each group
had 8 ambi-wells maintained in a incubator with saturated
humidity at 37℃, 10 mL/L CO2 and MTT 10 μL was added
into each well at 24, 48 and 72 h, respectively, and each
group continued to be cultivated for 4 h. Before termination
of cultivation, 100 μL of dimethyl sulfoxide was added and
kept at 37℃ overnight. ELISA was used to examine the
absorbance (A570 nm) value. The inhibition rate (IR) was
calculated as follows:
IR (%) = [(Mean A of control) - (Mean A of experiment)]
/(Mean A of control) × 100%.
To calculate the q value according the following formula
helped us judge whether the combined use of AZT and
FA-2-b-β had a synergistic effect: q =I (A + B) / [IA +
(1 - IA × IB)]. IA:A, inhibition rate of single agent A; IB:
B, the inhibition rate of single agent B; I (A + B), the
inhibition rate of the combination of both agents A and B.
q = 0.85-1.15, the use of the two were summed; q > 1.15,
the use of the two were synergized; and q < 0.85, the two
agents were antagonized.
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Acridine orange staining
The method of Acridine orange staining was used to
observe the various apoptotic morphology of MKN45
cells. Cells were suspended when exposed to FA-2-b-β and
AZT for 72 h, fixed on the slide, and added with 10 μL
acridine orange to stain and observe the morphological
changes of the MNK45 cells under an fluorescence
Olympus BH-2 microscope and photographed by an
Olympus camera, and a total of 1000 cells were counted.
DNA fragmentation assay
Apoptosis was detected with fragmentation of chromosomal
DNA by the classic DNA ladder method. Brief ly,
1 × 106/mL cells were immersed in cytolysis buffer (TrisHCl, 1 mmol/L, pH 8.0; edetic acid,10 mmol/L, pH 8.0;
proteinase K, 200 mg/L; 0.5% SDS) and incubated for 3 h
at 50℃. The DNA was extracted with phenol-chloroform,
precipitated in one-tenth volume of NaAc, 2 mol/L, and
two volumes of ethanol at 20℃ overnight, recovered
by centrifugation at 12 000 r/min for 30 min at 4℃, and
then resuspended in TE buffer. RNase A was added at a
concentration of 200 mg/L, and the treated extract was
incubated at 37℃ for 30 min and electrophoresed on a 1.2%
agarose gel.
Apoptosis rate analysis by flow cytometry
For analysis of DNA content, cells treated with different
concentrations of AZT and FA-2-b-β were harvested after
72 h and fixed with 70% cold ethanol for 4 h. The cell
apoptosis rate was detected by flow cytometry (FACSalibur,
B.D). Briefly, 1 × 106/mL cells were suspended in 0.2%
Triton-X-100/PBS solution containing 1 g/L ribonuclease
A. After incubation for 20 min, DNA was stained with
50 mg/L of propidum iodide (PI), the flow cytometric
analysis was performed to determine the apoptosis rate.
Assay of telomerase activity
Telomerase activity was determined by TRAP-ELISA
method modified by Kim [20] using a telomerase PCR
ELISA Kit. All the procedures were performed following
the description in the kit. Briefly, 1 × 106/mL cells from
all groups were harvested, and washed once with PBS.
The cells were centrifuged at 4℃ with 10 000 r/min for 1
min, the sediment was washed by 150 μL lotion and then
centrifuged for 1 min. The liquid was removed. Fifty μL
splitting liquid, was added, suspended and fixed up well for
30 min, and then centrifuged at 4℃ with 14 000 r/min for
20 min. The 2 μL supernatant was taken as TRAP reaction
template. Forty-five μL reaction mixture was added into
the reaction tube and 2 μL into prepared sample tube,
and mixed well. Thirty μL liquid paraffin was added and
water bathed at 25℃ for 30 min and circulated in PCR at
94℃ for 120 s, 94℃ for 30 s, 48℃ for 30 s, 72℃ for 90 s,
and 72℃ for 300 s. All the above procedure was done
for 35 cycles. After circulation, hybridization liquid was
added into micro-plate, then 25 μL amplified products
were added and mixed. Negative, positive and blank
control groups were set up. They reacted at 37℃ for 60
min and were added colorant, avoiding light at 37℃ for 10
min and added terminating reagent to stop the reaction.
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Absorbance values were read at 450 nm.
Telomerase inhibition rate (%) = [(average A value of
control group-average A value of experimental group)/
average A value of control group] × 100%.
Detection of Caspase-3 and Bcl-2 expression
Caspase-3 and Bcl-2 mRNA expression was determined
by reverse transcription-polymerase chain reaction
( RT- P C R ) . To t a l R N A wa s e x t r a c t e d w i t h R N A
extraction kit. The mRNA of Caspase-3 in RNA was
amplified by RT-PCR kits from Roche Company, USA.
Caspase-3 primer sequences: the upper stream primer:
5′-GGTATTGAGACAGACAGTGG-3′, the downstream primer: 5′-GATGGGATCTGTTTCTTTGC-3′.
PCR product was 288 bp. The condition of RT-PCR was as
follows: reverse transcription at 37℃ for 60 min and predenaturation at 94℃ for 4 min and then 30 circles were
carried out at 94℃ for 30 s, 55℃ for 15 s, 72℃ for 45 s, and
finally at 72℃ for 7 min to elongate the primer. The primer
sequences of Bcl-2 were 5′-CTTCAGAGACACCCAC-3′,
5′-GATGGGATCTGTTTCTTTGC-3′, and 535 bp of
amplified product. The above sequences were synthesized
by Shanghai Bioengineering Technology Service Co.
Ltd. China. Image analyzer was used to analyze semiquantitatively the specific amplification segments. PCR
product was obtained through gel electrophoresis (2%) with
voltage of 5 v/cm and 0.5 mL/L EB staining. After 1-2 h,
the observation and photography were taken on ultraviolet
reflective analyzer.
Statistical analysis
Data were expressed as mean ± SD. For most experiments,
statistical difference was evaluated using Student’s t test.
A statistically significant difference was considered at
P < 0.05.

RESULTS
Effect of drugs on tumor cell proliferation in vitro
AZT and FA-2-b- β had inhibition effects on human
MKN45 cell proliferation in a dose-dependent and timedependent manner (Table 1). At the same time, as showen
in Table 2, the combination of AZT and FA-2-b-β had
higher inhibition rate than that used alone, and q value
was above 1.15, the killing capacity can be increased when
AZT and FA-2-b-β were used in combination, and the
latter has a synergistic effect on AZT.
Morphology of cell apoptosis
After treatment for 72 h with FA-2-b- β and AZT at
different concentrations, MKN45 cells showed cell
shrinkage, membrane blebbing, cell volume reduction,
nuclear fragmentation and formation of apoptotic body
under light fluorescent microscope in all treatment groups,
except the the groups treated with AZT 2.5 mg/L and
5 mg/L (Figure 1).
DNA fragmentation
Apart from the morphological changes, apoptosis induction
by FA-2-b-β and AZT were analyzed by using the DNA
www.wjgnet.com
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Table 1 The effect of FA-2-b-β and AZT on proliferation of MKN45 cells (mean ± SD)
Concentration
(mg/L)
FA-2-b-β
0
5
10
20
40
AZT
0
2.5
5
10
20

24 h
A
0.659 ± 0.022
0.633 ± 0.022a
0.561 ± 0.017b
0.497 ± 0.020b
0.464 ± 0.018b
0.660 ± 0.020
0.635 ± 0.018c
0.562 ± 0.018d
0.458 ± 0.020d
0.434 ± 0.208d

48 h
IR (%)
0
3.94
14.87
24.5
29.59
0
3.79
14.85
30.61
34.24

72 h

A
1.073 ± 0.033
1.018 ± 0.022a
0.885 ± 0.022b
0.743 ± 0.017b
0.668 ± 0.013b
1.070 ± 0.030
1.017 ± 0.022c
0.855 ± 0.022d
0.657 ± 0.015d
0.589 ± 0.013d

IR (%)
0
5.13
17.52
30.75
37.74
0
4.95
20.09
38.59
44.95

A
1.078 ± 0.058
0.998 ± 0.034b
0.868 ± 0.035b
0.650 ± 0.032b
0.545 ± 0.025b
1.075 ± 0.055
0.988 ± 0.035d
0.826 ± 0.030d
0.557 ± 0.038d
0.469 ± 0.022d

IR (%)
0
7.42
19.48
39.7
49.44
0
8.09
23.16
48.19
56.37

IR: inhibition rate. FA-2-b-β at different concentrations vs FA-2-b-β at 0 mg/L, aP < 0.05, bP < 0.01; AZT at different concentrations vs AZT at 0 mg/L, cP < 0.05,
d
P < 0.05.

Table 2 The synergistic effect of AZT and FA-2-b-β on
proliferation of MKN45 cells (mg/L)
Groups
0 (control group)
AZT (2.5) + FA-2-b-β (5)
AZT (5) + FA-2-b-β (5)
AZT (10) + FA-2-b-β (5)
AZT (20) + FA-2-b-β (5)

IR (%)
18.3
45.8
49.9
72.7

A

B

C

D

q value
1.22
1.60
1.17
1.26

Table 3 Synergistic effects of FA-2-b-β and AZT on telomerase
of MKN45 cells
Drug (mg/L)
FA-2-b-β (5)
AZT (2.5)
AZT (5)
AZT (10)
AZT (20)
AZT (2.5) + FA-2-b-β (5)
AZT (5) + FA-2-b-β (5)
AZT (10) + FA-2-b-β (5)
AZT (20) + FA-2-b-β (5)

IR (%)
8.2
12.4
28.6a
60.6b
80.5b
26.4a
42.9b
79.1b
94.7b

Figure 1 MKN45 cells, treated or not treated with FA-2-b-β and AZT. A: Untreated
cells; B-D: FA-2-b-β (5 mg/L) + AZT 5, 10 and 20 mg/L for 72 h exposure,
apoptotic body (B), nuclear fragmentation (C) and chromatin condensation (D)
(Acridine orange staining, × 100).

M 1

Combined AZT groups at different concentrations vs corresponding single
groups, aP < 0.05, bP < 0.01.

fragmentation assay. FA-2-b- β and AZT treatment at
different concentrations for 72 h led to typical DNA
laddering in MKN45 cells by agarose gel electrophoresis
(Figure 2).
Cell apoptotic rate detected by flow cytometry
Single use of AZT and combined use of AZT and FA-2b-β for 72 h increased the apoptosis rate of gastric cancer
MKN45 cells with higher concentrations accordingly
under the FCM. The combined use of the AZT had a
higher cell apoptosis rate than single use of AZT, the
statistical analysis indicated that FA-2-b-β had a synergistic
effect in apoptosis with AZT (P < 0.05) (Table 3, Figure 3).
Expression of Caspase-3 and Bcl-2 detected by RT-PCR
As seen in Figures 4 and 5, 72 h after the MKN45 cells
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2

3

4

5

6

Figure 2 Agarose gel electrophoresis
of DNA of MKN45 cells. M: marker,
Lane 1: control; Lane 2-5: MKN45 cells
treated by FA-2-b-β (5 mg/L), AZT (2.5
mg/L), FA-2-b-β (5 mg/L) + AZT 5,
10 and 20 mg/L for 72 h, respectively.

500 bp
300 bp
100 bp

were treated by the single AZT and combination with FA2-b-β (5 mg/L), the expression of Caspase-3 mRNA was
increased, and the expression of Bcl-2 was decreased.
The analysis by the image analyzer (AlphalmagerTM 2200,
USA) showed that difference was significant between the
treatment groups and the control groups. The expression
of caspase-3 mRNA was positively correlated to the
apoptosis rate (r = 0.9969, P < 0.01) while the expression
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1

a

2

3

4

5
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M

30
a

Apoptosis rate (%)

25
20

a

15

β-actin

535 bp

Casepase-3

288 bp

600 bp
500 bp
400 bp
300 bp

a

Figure 4 Expression of Caspase-3 mRNA in MKN45 cells treated with AZT and
FA-2-b-β. M: marker; Lane 1: control; Lane 2-6: MKN45 cells treated by FA-2-b-β
(5 mg/L), AZT (2.5 mg/L), FA-2-b-β (5 mg/L) + AZT 5, 10, 20 mg/L respectively for
72 h.

10
5
0
FA-2-b-β

AZT (2.5 mg/L)

AZT
AZT
AZT
AZT

AZT (10 mg/L)
AZT (2.5 mg/L) + FA-2-b-β
AZT (10 mg/L) + FA-2-b-β

(5 mg/L)
(20 mg/L)
(5 mg/L) + FA-2-b-β
(20 mg/L) + FA-2-b-β

Figure 3 Effect of FA-2-b-β (5 mg/L) and AZT on apoptosis rate in MKN45 cell for
72 h (aP < 0.05).

of Bcl-2 was negatively correlated to apoptosis rate
(r = 0.926, P < 0.01).

DISCUSSION
To study the molecular mechanism of apoptosis in tumor
cells is one of the important issues in oncology. Inducing
tumor cell differentiation and promoting its apoptosis are
often regarded as the marker for screening anti-tumor
drugs. Telomerase is a ribonucleoprotein composed
of RNA and proteins, which maintains the length of
telomere in order to keep the constant cell division so as to
immortalize the cells, which is also called malignant tumor
cells. Immortalization is the key step for cell canceration.
About 85.0%-90.9% of the tumor cells have high
expression of telomerase and the activation of telomerase
are commonly found during the period of normal cells
transiting towards tumor cells [21] . The activation of
telomerase may be the key step in immortalization and
malignant tumor cell formation [22]. It was discovered
recently that the formation and the development of
gastric cancer are tightly associated with telomere and
telomerase[23,24]. Gastric cancer is one of the most common
malignancies in China with a considerable high mortality.
Gastric cancer formation is a process involved in multiple
factors, multiple steps and multiple genes. The activation
of telomerase is a necessary step for formation of many
tumors, and there is concordance in RNA structure of
telomerase of human tumors, making telomerase as a
target to rationally select the drug to treat malignant
tumors like gastric cancer, which may lead to a revolution
in gene therapy against tumors. As a reverse transcriptase
inhibitor, the main function of AZT is to interrupt reverse
transcription of cells to block the cell cycle, interfere with
normal differentiation, terminate the cell replication and
inhibit the cell growth[25,26]. AZT has been found to inhibit
many kinds of enzymes in tumor cells. The telomerase
activity is closely related to abnormal proliferation of
tumor cells, indicating that AZT may be an effective anti-

1
β-actin 535 bp
Bcl-2 255 bp

2

3

4

5

6

M
600
500
400
300

bp
bp
bp
bp

Figure 5 Expression of Bcl-2 mRNA in MKN45 cells treated with AZT and
FA-2-b-β. M: marker; Lane 1-5: MKN45 cells treated by FA-2-b-β (5 mg/L) + AZT
20, 10 and 5 mg/L, AZT (2.5 mg/L), FA-2-b-β (5 mg/L), respectively for 72 h; Lane 6:
control.

tumor drug[27,28]. Since telomerase does not express itself
in normal human tissues, telomerase has little effect on
normal tissues. We discovered that both AZT and FA-2b-β of different concentrations have obvious inhibiting
effects on gastric cancer cells, and the inhibiting effects
increased in a dose- and time-dependent manner. We also
found that AZT can inhibit the activity of telomerase in
MKN45 cells, and FA-2-b-β from Agaricus blazei combined
with AZT had a significant higher inhibition rate to gastric
cancer than that used alone, and the concentration of AZT
had a negative correlation with the activity of telomerase.
This combined administration can lower the dose of AZT
so as to reduce the side effects of AZT, which will greatly
extend the clinical use of AZT.
Apoptosis is controlled by genes. There are many
genes involved in apoptosis process, in which Bcl-2, p53,
Caspase-3 and C-myc play important roles of regulation.
Caspase is one of the family members containing a cysteine
in cytoplasma[29]. All factors inducing apoptosis will go
through caspase system, in which Caspase-3 expression is
the final key step for apoptosis of many cells[30-32]. Bcl-2 is
an apoptosis inhibiting gene located in 18q21 of human
chromosome, which is a membrane protein at the outer
membrane of mitochondrion, regulating the activity of
telomerase. When Bcl-2 expression increased, telomerase
activity increased. Vice versa, when Bcl-2 expression
decresed, the activity of telomerase decreased [33]. It is
reported that Bcl-2 can lower the level of cytochrome C
and apoptosis inducing factor (AIF), e.g. when Caspase
was released from mitochondrion to cytoplasms, it would
inhibit apoptosis and promote the formation of cancer[34].
Caspase-3 has been implicated in the development
of gastric cancer, and played an important role in the
transformation from normal gastric mucosa to gastric
cancer. Our results indicated that certain concentration
of AZT can up-regulate the expression of Caspase-3
mRNA, which was positively correlated to the apoptosis
www.wjgnet.com
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rate (r = 0.926, P < 0.01) and it could also down-regulate
the expression of Bcl-2, which was negatively correlated
to apoptosis rate (r = 0.9969, P < 0.01). These might
be one of the molecular mechanisms of the apoptosis
induction effect of AZT and FA-2-b-β on gastric cancer
cells. And the efficiency of combined FA-2-b-β and AZT
was obviously higher than that use alone. FA-2-b-β has a
synergistic effect with AZT.
Although chemotherapy is a common treatment
for malignant tumors, the chemo-drugs kill not only
cancer cells but also many normal cells like lymphocytes,
hemopoietic blood stem cells, etc, and greatly affect the
life qualities of the patients and therapeutic effect. With
the bio-characteristics of malignant tumor, the effect of
any single use of drugs is limited, however, increasing the
dose of the drug may be of no benefit to improving the
treatment at all. So to develop combinations of drugs for
multiple target treatment to improve the effect, to decrease
the toxicity and to resist the drug tolerance has become
major aspects of treatment of tumors. The RNA protein
compound (extracted from Liang Jing mushroom), FA2-b-β , not only has certain inhibition effect of cancer
cells, but effect of decreasing the toxicity of the chemodrugs. When used in combination, it may decrease both
the dose and toxicity of chemo-drugs without reducing its
effects. For all the reasons above, as a ancillary agent of
chemotherapy, FA-2-b-β might be a promising agent in
clinical practice. Our study has provided the experimental
data for further researches. And the synergistic effect of
AZT and FA-2-b-β can be expected as a new approach to
the treatment of gastric cancer.
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Abstract
AIM: To study the inhibitory effect of Huqi San (Qiprotecting powder) on rat prehepatocarcinoma induced
by diethylinitrosamine (DEN) by analyzing the mutational
activation of c-fos proto-oncogene and over-expression
of c-jun and c-myc oncogenes.
METHODS: A Solt-Farber two-step test model of
prehepatocarcinoma was induced in rats by DEN and
2-acetylaminofluorene (AAF) to investigate the modifying
effects of Huqi San on the expression of c-jun, c-fos and
c-myc in DEN-mediated hepatocarcinogenesis. Huqi San
was made of eight medicinal herbs containing glycoprival
granules, in which each milliliter contains 0.38 g crude
drugs. γ-glutamy-transpeptidase-isoenzyme (γ-GTase)
was determined with histochemical methods. Level of
8-hydroxydeoxyguanosine (OHdG) formed in liver and
c-jun, c-fos and c-myc proto-oncogenes were detected
by immunohistochemical methods.
RESULTS: The level of 8-OHdG, a mark of oxidative DNA
damage, was significantly decreased in the liver of rats
with prehepatocarcinoma induced by DEN who received
8 g/kg body weight or 4 g/kg body weight Huqi San
before (1 wk) and after DEN exposure (4 wk). Huqi Santreated rats showed a significant decrease in number of
γ-GT positive foci (P < 0.001, prevention group: 4.96 ±
0.72 vs 29.46 ± 2.17; large dose therapeutic group: 7.53
± 0.88 vs 29.46 ± 2.17). On the other hand, significant
changes in expression of c-jun, c-fos and c-myc were
found in Huqi San-treated rats.
CONCLUSION: Activation of c-jun, c-fos and c-myc
plays a crucial role in the pathogenesis of liver cancer.
www.wjgnet.com

Huqi San can inhibit the over-expression of c-jun, c-fos
and c-myc oncogenes and liver preneolastic lesions
induced by DEN.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Carcinogenesis is a multi-step process that occurs after a
series of discrete, irreversible, and complementary events[1].
Such genetic damages ultimately lead to either activation
of oncogenes (dominant) or inactivation of tumor
suppressor genes (recessive). Oncogene is a cancer-causing
genetic material (gene) of transformed cells encoding a
protein that accelerates and maintains the aberrant growth
of the cells.
Over-expression of any kind of proto-oncogenes,
such as c-myc, c-jun, c-fos, may also lead to cancer. Overexpression of c-myc is associated with several human
cancers[2,3]. Similarly, over-expression of c-jun and c-fos
has also been observed in human cancers[4,5] and in animals
exposed to carcinogens[6]. Several lines of evidence indicate
that some of the known oncogenes in rat liver tissues
express under physiological conditions, including preand postnatal development, regeneration and neoplasia.
Among them, c-jun, c-fos and c-myc oncogenes have been
detected in chemically induced rodent hepatocarcinomas.
It appears that the expression of some oncogenes may be
related to the neoplastic transformation process and their
expression products may be used as tumor markers.
However, ver y little is known about the exact
mechanism of such nuclear transcription factors as c-jun,
c-fos and c-myc. These nuclear transcription factors are
the ultimate targets of growth stimulus. Since c-myc
has been identified as the key molecule in various signal
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transductions and is permanently activated upon mutation,
an attempt should be made to analyze the mutational
activation of c-myc proto-oncogene, over-expression of
c-jun and c-fos and to correlate these events in DEN and
2-AAF-mediated liver arcinogenesis of Wistar rats.
The initiation of cancer is known as an irreversibly
mutational process, which is usually caused by chemical
carcinogen, ionizing radiation and vir us. Cancerpromoting is a process in which initial hyperplasia cell
clone continuously proliferates, and this process is usually
reversible. Therefore, it is an ideal target point to prevent
cancerization. Huqi San is a Chinese herbal preparation of
eight medical herbs, such as Ramulus Visci, Radix Astragali
seu Hedysari. Huqi San supplements qi and tonifies
the kidney, promotes diuresis, detoxication, and blood
circulation. On the other hand, Huqi San has remarkable
therapeutic effectiveness against hepatocirrhosis, blocks
and reverses hepatocarcinog enesis. Our previous
experiment has confirmed that Huqi San has an obvious
effect on hepatocarcinogenesis [7-10]. In this study, a rat
model of hepatocarcinogenesis was induced by DEN
to observe the function of Huqi San in regulating the
expression of c-jun, c-fos and c-myc, and in eradicating
hepatocarcinogenesis.

MATERIALS AND METHODS
Animals and treatment
Male Wistar rats weighing 135-149 g (6 wk old) were
purchased from the Animal Department of Capital
University of Medical Sciences. Seventy rats were allowed
free access to pellet diet and water and divided into model
group, high dose therapeutic group (8 g Huqi San/kg
body weight), small dose therapeutic group (4 g Huqi
San/kg body weight), preventive group, part liver group
and normal group. The experiment was performed as
previously described[11]. DEN (200 mg/kg body weight)
was injected into the abdominal cavity of experimental
rats as an initiate agent. After 2 wk, the test entered a
selective promoting procedure, which was last for 6 wk.
We removed a greater part of liver from rats at the end
of the third week. Rats in the treatment group began to
take Huqi San for 4 wk after the greater part of liver (PH)
was removed, Rats in the preventive group administered
Huqi San one week before the model was established,
and continued to the end of study. Rats in normal group
did not administer Huqi San. After 8 wk, all rats were
sacrificed under anesthesia with pentobarbital after 24 h
fasting. Hepatic tissue was taken at the right anterior lobe,
right back lobe and caudal lobe.
Preparation of Huqi San
Huqi San was made of eight medicinal herbs containing
glycoprival granules by gently boiling the herbal drugs,
such as Ramulus Visci, Radix Astragali seu Hedysari, Radix
Curcumae and Radix Salviae Miltiorrhizae in distilled water
for 60 min to reduce the volume. The herb mixture was
soaked for 1 h before boiling. The decoction was then
filtered through a delipidated gauze and then concentrated
to ointment through decompressing treatment. The
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ointment was dried in vacuum to form extractum which
was ground. The preparation powder was stored in a
refrigerator until use.
Histochemical staining for γ-GTase positive foci
γ -GTase positive foci were determined as previously
described[12]. Fresh liver tissue was cut into 8-µm thick
sections which were mounted on slides and air-dried. Fresh
solution containing GMNA, γ-GTase and azo coupling
dye, fast blue BBN, 0.1 mol/L tris buffer (pH 7.4) and
saline was prepared and then pipetted onto the sections
and incubated at room temperature in dark for 30-45 min.
Following incubation, the slides were rinsed in saline for
2 min and then transferred to 0.1 mol/L cupric sulfate
solution for 2 min. The slides were again rinsed in saline
followed by a rinse in distilled water. The sections were airdried, placed into 10% glycerol and observed under a light
microscope. Four sections from each liver were examined
under 5 fields. The γ-GTase positive foci counted were
divided according to various size ranges and the results
were expressed as the number of foci per mm2. Sections
of kidney tissue served as positive control for γ-GTase
staining.
Measurement of 8-OHdG formation in liver DNA
Formation of 8-OHdG formed in liver was detected as
described previously[13]. In brief, DNA was extracted from
500 mg rat liver tissue using a DNA extractor WB kit (Wako
Pure Chemical Industries Ltd., Osaka, Japan) containing
NaI and OH radical scavenger, with deferoxamine
mesylate (Sigma Chemical Co., St. Louis, MO) and RNase
(Wako Pure Chemical Industries Ltd., Osaka, Japan).
The extracted DNA was digested into nucleosides by
combined treatment with nuclease P1 (Yamasa Shoyu
Co. Ltd., Chiba, Japan) and alkaline phosphatase (Sigma
Chemical Co., St. Louis, MO). Finally the samples
were purified using an ultrafree-MC filter unit 100 000
(Millipore Co., Bedford, MA). Formation of 8-OHdG in
the resultant samples was quantified by high-performance
liquid chromatography (HPLC) as preciously described
with certain modification [14]. Peak gained for 8-OHdG
with an electrochemical detector (Shimadzu Corporation,
Kyoto, Japan) and dG with an UV detector (MC Medical
Inc., Osaka, Japan) was integrated with background noise
correction loaded on an integrator. Formation of 8-OHdG
was determined by calibration against curves from HPLC
runs of standard samples, containing a known amount of
authentic 8-OHdG and dG, and expressed as the number
of 8-OHdGs per 100 000 dGs.
Immunohistochemical assessment of proto-oncogene
expression
The liver tissue was fixed in 10% buffered-formalin
solution for 18 h, dehydrated, embedded in paraffin
a n d c u t i n t o 6 - µ m t h i c k s e c t i o n s. To p e r f o r m
immunocytochemistry, the sections were deparaffinized in
xylene, rehydrated in 0.05 mol/L Tris buffer (pH 7.6) for
10 min and boiled in 0.01 mol/L citrate buffer (pH 6.0)
for 5 min. The sections were then removed and allowed to
cool at room temperature for 20 min and rinsed two times
www.wjgnet.com
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Table 1 Effect of Huqi San on the number and size of DENinduced γ-GT positive foci in rat liver (mean ± SD)
Experimental groups

n

Normal group
PH group
Prevention group
Large dose therapeutic group
(8 g/kg body weight)
Small dose therapeutic group
(4 g/kg body weight)
Model group

10
12
12
12

Number of γ-GT
2
foci (per cm )
a
0.23 ± 0.09
0.31 ± 0.08a
4.96 ± 0.72a
7.53 ± 0.88a

Area of γ-GT
2
2
foci (mm /cm )
a
0.18 ± 0.08
0.21 ± 0.10a
5.12 ± 3.62a
8.76 ± 3.97a

12

12.77 ± 0.93b

13.63 ± 3.44b

12

29.46 ± 2.17

21.1 ± 2.98

August 21, 2007

Volume 13

A

B

C

D

E

F

Number 31

a

P < 0.001, bP < 0.01 vs model group; γ-GT: γ-glutamy-transpeptidase.

with TBS for 30 min. Endogenous peroxidase activity was
blocked by incubation for 1min and 30 s in 3% hydrogen
peroxide. To increase antigenic exposure, tissue sections
were incubated in 0.1% Triton × -100 for 45 min at room
temperature. The samples were incubated with diluted
primary antibodies, rabbit anti-c-fos and c-jun polyclonal
antibodies or monoclonal anti-c-myc antibody, for 45 min
at room temperature. After rinsed two times with TBS
for 20 min, bound primary antibodies were detected by
sequential incubation with biotinylated secondary antibody
(Biotinylated anti-rabbit or anti-mouse immunoglobins,
LSAB kit from Beijing Zhongshan Biotechnology CO.,
LTD.) for 30 min, streptavidin peroxidase for 15 min and
DAB for 10 min, at room temperature with two rinses
in TBS. The sections were then washed with distilled
water and counterstained with Mayer’s hematoxylin.
After dehydration and mounting, the expression of
c-jun, c-fos and c-myc in intact rat liver was assessed by
immunoperoxidase staining. The negative control for
each experiment was a DAKO antibody diluent with
background reduction compounds. The positively stained
area, brown in color, was determined by Leica Q500 MC
image processing and analysis system against the negatively
stained region, blue in color[15].
Statistical analysis
The data were expressed as mean ± SD and analyzed using
SPSS 11.0 software with one-way ANOVA (analysis of
variance). P < 0.05 was considered statistically significant.

RESULTS
The effect of Huqi San on the number of DEN-induced
γ-GTase positive foci in rat liver is listed in Table 1. No
γ-GTase positive foci were observed in liver sections from
untreated rats (normal group Figure 1A), PH group (Figure
1B) and those from Huqi San-treated group (8 g/kg body
weight) (prevention group Figure 1C). γ-GTase positive
foci were noted in model rats and the average number of
foci was 29.46 (Table 1, Figure 1E). A significant decrease
in the number of DEN-induced foci was observed in
groups receiving large therapeutic doses of Huqi San
(8 g/kg body weight) as compared with model group
(Figure 1D). Administration of Huqi San (4 g/kg body
weight) after DEN exposure reduced the number of
DEN -induced big foci when compared with model group
www.wjgnet.com

Figure 1 GTase expression in liver sections from the normal control group (A),
treated group with PH (removed the greater part liver of rat alone) (B), Huqi Sangiven group one week before preparation of mode rats (C), large dose therapeutic
group (8 g/kg body weight) (D), model group (DEN + 2-AAF + PH) (E) and small
dose therapeutic group (4 g/kg body weight) (F). The red stained areas are the
-GTase positive foci with various sizes.

(Figure 1F). Analysis of DEN -induced γ-GTase positive
foci before administration of Huqi San or after exposure
to DEN for 8 wk showed a decrease in the number of
γ-GTase foci (Table 1).
To localize the expression of c-jun, c-fos and c-myc,
immuno-cytochemical method was applied to the tissue
sections. The expression of c-jun, brown in staining,
increased predominantly in model group (3.18-fold of
normal control group) in model group (Table 2, Figure 2F).
Huqi San (8 g/kg body weight or 4 g/kg body weight)
decreased the c-jun expression significantly (P < 0.01,
Table 2, Figure 2D and E). The expression of c-fos
antigen increased 3.14-fold in the model group compared
to that in normal control group (P < 0.01, Figure 3F) and
1.93- or 2.66-fold in the control group when compared
to that in the model group (Table 2, Figure 3D and E).
Similar results were observed in c-myc. The expression of
c-myc increased 8.25-fold in the model group compared
to that in the normal control group (Table 2, Figure 4F )
when the dose of Huqi SAN used was 8 g/kg body weight
and 4.00- or 5.75-fold when the dose of Huqi SAN used
was 4 g/kg body weight (Table 2, Figure 4D and E).
To further investigate the mechanisms involved in
the protective action, the effect of Huqi San on DEN
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Table 2 Effect of Huqi San on c-jun, c-fos and c-myc protein level in liver (mean ± SD, mm )
c-jun protein
Experimental groups

Level

Normal group
PH group
Prevention group
Large dose herapeutic group (8 g/kg body weight )
Small dose therapeutic group (4 g/kg body weight )
Model group

c-fos protein

Fold of control

0.28 ± 0.03a
0.24 ± 0.02a
0.41 ± 0.01a
0.58 ± 0.02b
0.71 ± 0.06b
0.89 ± 0.03

Level
0.29 ± 0.04a
0.29 ± 0.03a
0.33 ± 0.09a
0.56 ± 0.02b
0.77 ± 0.08a
0.91 ± 0.07

0.86
1.46
2.07
2.54
3.18

c-myc protein

Fold of control
1.00
1.14
1.93
2.66
3.14

Level

Fold of control

0.12 ± 0.02a
0.17 ± 0.01a
0.36 ± 0.07a
0.48 ± 0.01a
0.69 ± 0.06b
0.99 ± 0.04

1.41
3.00
4.00
5.75
8.25

a

P < 0.001, bP < 0.01 vs model group.

A

B

C

D

E

F

-induced oxidative DNA damage was also determined.
The average background level of 8-OHdG found in
untreated control rats was 4.06 ± 0.67/105 dG. Treatment
with Huqi San alone did not alter the 8-OHdG level in
hepatic nuclear DNA. In DEN-treated rats, 8-OHdG level
elevated to 6.5 ± 1.04/105 dG, which was 60% higher than
that in the control group. When rats received Huqi San and
DEN concurrently, the 8-OHdG level nearly decreased to
that in the control group, indicating that Huqi San was able
to protect against DEN -induced oxidative DNA damage.

DISCUSSION
In this study, we assessed the effect of Huqi San on
DEN-induced hepatocarcinogenesis using the classical
preneoplastic marker enzyme for hepatic chemical
carcinogenesis. γ-GTase is a cell surface enzyme initiating
the cleavage of extracellular glutathione and glutathioneconjugates. Hydrolysis of glutathione in glomerular
filtrate and fluids in other ducts and glands throughout
the body provides a mechanism for the body to retain
amino acids containing glutathione. In the absence
of γ -GTase -initiated cleavage, glutathione is excreted
from the body, resulting in fatal cysteine-deficiency. In
rodents, γ-GTase is a single copy gene whose expression
is regulated in a developmental and tissue specific manner.
Several γ -GTase genes or pseudogenes are present in
humans. γ-GTase activity is elevated in carcinogen-induced

Figure 2 Immunohistochemical
examination of c-jun expression
in liver sections from the normal
control group (A), treated
group with PH (removed the
greater part of liver from rats
alone) (B), Huqi Sangiven one
week before the preparation
of model rats (C), large dose
therapeutic group (8 g/kg
body weight) (D), model group
(DEN + 2-AAF + PH) (E) and
small dose therapeutic group
(4 g/kg body weight) (F).

tumors of animals. Common human epithelial tumors
including breast, ovarian and prostate tumors are γ-GTase
positive. In human tumor cell lines, induction of γ-GTase
and increased intracellular glutathione concentrations
have been observed. Synthesis of g-glutamyl prodrugs is
used as a new approach to targeting chemotherapeutic
drugs to γ -GTase positive tumors. This placenta form
of γ-GTase is hardly detectable in normal rat liver and
is markedly induced in liver bearing foci and nodules[16].
Results from the histochemistry study demonstrated a
dramatic protective effect of Huqi San on the formation
of γ-GTase positive foci due to DEN exposure (Figure 1).
As the appearance of γ-GTase positive foci is correlated
with the development of hepatocellular carcinoma, the
effect of Huqi San on preventing formation of altered foci
and gene expression indicates that Huqi San is capable of
protecting against DEN-induced hepatocarcinogenesis.
In recent years, the potential role of oxyradical
-induced oxidative DNA damage in carcinogenesis has
attracted extensive attention. Oxidative DNA damage
refers to all types of structural and functional changes
due to the reaction of oxyradicals with DNA, such as
base modification and DNA strand breakage[17]. Among
various types of base modifications, 8-OHdG is one of
the most important forms of oxidative DNA damage
and has been implicated in the development of cancer[18].
There is experimental evidence that 8-OHdG formation
plays an important role in carcinogenesis. Many chemical
www.wjgnet.com
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Figure 3 Immunohistochemical examination for c-fos expression in liver sections obtained from the normal control group (A), treated group with PH (removed the greater
part of liver from rats alone) (B), Huqi San group given one week before preparation of model rats (C), large dose therapeutic Huqi San group (8 g/ kg body weight) (D),
model group (DEN + 2-AAF + PH) (E) and small dose therapeutic Huqi San group (4 g/kg body weight) (F).

A

B

C

D

E

F

Figure 4 Immunohistochemical examination of c-myc expression in liver sections from the normal control group (A), treated group with PH (removed the greater part of
liver from rats alone) (B), Huqi San-given group one week before preparation of model rats) (C), large dose therapeutic group (8 g/kg body weight) (D), model group (DEN +
2-AAF + PH) (E) and small dose therapeutic group (4 g/kg body weight) (F).

carcinogens, such as benzo[a]pyrene [19] and AFB1,
DEN[20,21] can induce 8-OHdG formation in the target
organ in a dose- and time-dependent manner. Some
chemopreventive agents are found to inhibit 8-OHdG
for mation caused by carcinogen exposure [22,23] . The
8-OHdG level in human cancer tissue is significantly
www.wjgnet.com

higher than that in corresponding non-tumor tissue[24,25].
8-OHdG is associated with the expression of p53[26]. Due
to the potential role of 8-OHdG formation in AFB1,
DEN carcinogenesis, the inhibitory effect of Huqi San on
DEN- induced oxidative DNA damage may have another
mechanism underlying its anticarcinogenic effects against
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DEN, in addition to reduction of DEN- DNA adduct
formation. The formation of 8-OHdG is a result of
direct interactions between oxyradicals, especially hydroxyl
radicals and DNA bases. Our previous study showed
that hydroxyl radicals are involved in initiating oxidative
DNA damage caused by DEN[27]. Therefore, any factor
interfering with the generation or action of hydroxyl
radicals would affect the formation of 8-OHdG. Results
from our previous experiments also showed that Huqi San
is able to inhibit DEN -induced oxyradical formation in
cultured primary hepatocytes[28], indicating that by directly
scavenging oxygen radicals generated from the metabolic
processing of DEN, Huqi San is able to reduce 8-OHdG
formation in rat liver.
It was reported that nuclear oncogenes, such as
c-jun, c-fos and c-myc could be activated during rat
hepatocarcinogenesis with cellular proliferation observed
both in regenerating liver and in experimental systems[29,30].
The expression of c-myc is emphasized as a prognostic
indicator for liver carcinoma [31,32] . In addition, overexpression and localization of c-myc play an important
role in initiation, differentiation, and progression of
liver carcinomas[33]. c-jun and c-fos are suggested to be
a risk factor for relapse in liver carcinoma[34], and their
expression is suggested to be one of the parameters
related with prognosis of liver carcinoma. Furthermore,
their expression and activation are presumed to play an
important role in the early phase of carcinogenesis of liver
carcinoma[35].
In the present study, c-jun, c-fos and c-myc protein
levels were increased in all DEN + 2-AAF + PH-treated
animals at early stages. The expression of c-jun, showing
a brown staining in the rat liver, increased predominantly
in model group (3.18-fold in the normal control group).
Huqi San (8 g/kg body weight or 4 g/kg body weight)
decreased c-jun expression significantly (P < 0.01) and
increased 3.14-fold in the model group compared to
normal control group. The expression of c-myc increased
8.25-fold in the model group compared to that in the
normal control group when the dose of Huqi San was 8
g/kg body weight and decreased 4.00- or 5.75-fold when
the dose of Huqi San was 4 g/kg body weight. The effect
of Huqi San on preventing formation of altered foci as
well as gene expression indicates that Huqi San is capable
of protecting against DEN hepatocarcinogenesis.
In summary, Huqi San can be used as a potential
anticarcinogenic and antiproliferative agent.
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'normal range', the pooled RR for distal colon cancer was
1.38 (95% CI: 1.02-1.87) for the overweight and 1.23
(95% CI: 0.80-1.90) for the obese. The pooled RR for
the highest quantiles vs the lowest quantiles was 1.86
(95% CI: 1.05-3.30) with waist circumference, and 1.79
(95% CI: 0.82-3.90) with waist-to-hip ratio.

Abstract

CONCLUSION: Obesity is a statistically significant
risk factor for colorectal cancer and the relationship is
more significant in men than in women among different
cancer subsites. Indexes of abdominal obesity are more
sensitive than those of overall obesity.

AIM: To evaluate the association between obesity and
colorectal cancer risk.

© 2007 WJG. All rights reserved.

METHODS: We searched PubMed, EMBASE, and the
Cochrane Library up to January 1, 2007. Cohort studies
permitting the assessment of causal association between
obesity and colorectal cancer, with clear definition of
obesity and well-defined outcome of colorectal cancer
were eligible. Study design, sample size at baseline,
mean follow-up time, co-activators and study results
were extracted. Pooled standardized effect sizes were
calculated.
RESULTS: The pooled relative risk (RR) of colorectal
cancer was 1.37 (95% CI: 1.21-1.56) for overweight
and obese men, 1.07 (95% CI: 0.97-1.18) for women
measured by body mass index (BMI). The pooled RR for
the highest vs the lowest quantiles of BMI was 1.59 (95%
CI: 1.35-1.86) for men and 1.22 (95% CI: 1.08-1.39) for
women at risk of colon cancer, 1.16 (95% CI: 0.93-1.46)
for men and 1.23 (95% CI: 0.98-1.54) for women at risk
of rectal cancer. The pooled RR for the highest vs the
lowest quantiles of waist circumference was 1.68 (95%
CI: 1.36-2.08) for men and 1.48 (95% CI: 1.19-1.84) for
women at risk of colon cancer, 1.26 (95% CI: 0.90-1.77)
for men and 1.23 (95% CI: 0.81-1.86) for women at
risk of rectal cancer. The pooled RR for the highest
quantiles vs the lowest quantiles of waist-to-hip ratio
was 1.91 (95% CI: 1.46-2.49) for men and 1.49 (95% CI
1.23-1.81) for women at risk of colon cancer, 1.93 (95%
CI: 1.19-3.13) for men and 1.20 (95% CI: 0.81-1.78) for
women at risk of rectal cancer. Compared with 'normal
range', the pooled RR for proximal colon cancer was
1.14 (95% CI : 0.88-1.47) for the overweight and 1.41
(95% CI: 0.66-3.01) for the obese. The pooled RR for
the highest quantiles vs the lowest quantiles was 2.05
(95% CI: 1.23-3.41) with waist circumference, 1.66 (95%
CI: 0.69-3.99) with waist-to-hip ratio. Compared with

Key words: Obesity; Colorectal cancer; Waist-to-hip
ratio; Waist circumference; Weight; Cohort study; Meta
analysis
Dai Z, Xu YC, Niu L. Obesity and colorectal cancer risk: A
meta-analysis of cohort studies. World J Gastroenterol 2007;
13(31): 4199-4206

http://www.wjgnet.com/1007-9327/13/4199.asp

INTRODUCTION
The prevalence of overweight and obesity is increasing
dramatically in most parts of the world, and can lead to
obesity-related diseases. In 1940, it was first hypothesized
that excess body weight could contribute to the
development of some cancers[1]. Colorectal cancer, the
second most common malignancy in developed countries
and the fourth most common cancer throughout the
world[2], has been suggested to have a certain relationship
with obesity in some epidemiological studies in the past
decades[3-5].
Interpretation of the results of epidemiological studies
on the relation between obesity and colorectal cancer
has been hampered due to differences in methodology
and inconsistent approaches in defining obesity, and the
epidemiological evidence linking obesity to colorectal
cancer has not been critically reviewed. To provide a
quantitative assessment of the association between obesity
and risk of colorectal cancer, we conducted a meta-analysis
of published cohort studies. We also evaluated whether
the association varies with sex and cancer subsites (colon
versus rectum and proximal colon versus distal colon).
www.wjgnet.com
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MATERIALS AND METHODS

RESULTS

Search strategy
We identified English and Chinese language studies by
a literature search of the PubMed, EMBASE, and the
Cochrane Library up to January 1, 2007 with the following
medical subject headings and/or key words and/or text
words: “obesity”, “overweight”, “body mass index”,
“waist circumference”, “waist-to-hip ratio”, “colorectal
cancer”, “colorectal neoplasm”, “colon cancer”, “rectal
cancer”, “colon neoplasm” and “rectal neoplasm”. We also
reviewed the references of the additional pertinent studies.

Study characteristics
The primary computerized literature search identified 196
potential relevant studies. The excluded studies included
reviews, animal experiments, case controlled studies,
studies not reporting the subject of interest, or duplicate
publications. If more than one publication was found
to be a duplicate, we used the most recent or relevant
paper. After primary search, we retrieved 43 manuscripts
for further review, of which 15 cohort studies met the
inclusion criteria for the systematic review[6-20].
Six of the cohort studies were perfor med in the
USA [6,12,13,15,16,20], 3 in Sweden [8,9,19], 2 in Australia [11,18], 1
in Austria [7], 1 in Canada [17], 1 in Japan [14], and 1 in 10
European countries [10]. The characteristics of enrolled
studies are summarized in Table 1. There were 6458
colorectal cancer cases among 1 058 883 participants.
Among the studies, 4 concerned about men [8,13,14,18], 6
about women[11,15-17,19,20], and 5 about both genders[6,7,9,10,12].
Fifteen[6-20] studies used BMI as measurement of obesity,
7 of which [6,8,10,11,13,15,18] used waist circumference and
6[10,11,13,15,16,18] WHR. Types of quantile and the respective
cut-off points of the highest and lowest quantiles for the
waist and WHR measurements are reported in Table 2. One
study also examined the predictive role of skin folds[12],
and another study demonstrated the measurement of
weight and height as the risk of colorectal cancer[18].

Inclusion and exclusion criteria
The inclusion criteria were (1) cohort study permitting
assessment of causal association between overweight or
obesity and colorectal cancer, (2) clear definition of obesity
defined by body mass index (BMI) in kg/m 2 or waistto-hip ratio or waist circumference, and (3) outcome of
colorectal cancer by clinical and pathological criteria. We
excluded case reports and case series, studies on less than
50 cases, and studies not reporting risk estimates or raw
data to allow independent calculation of these estimates.
Data extration
The following data were recorded for each study,
including study type, duration of follow-up, age-range
of participants, country, variables for which statistical
adjustment was perfor med, number of cases and
controls or person years, timing and categories of BMI
measurement, point estimates (RR, OR, or SIR) and
95% CI. When several risk estimates were presented, we
used those adjusted for the greatest number of potential
confounders.
Statistical analysis
We calculated the weighted pooled risk estimates
of two categories of adult BMI [BMI = weight [in
kilograms]/height (in meters) 2] defined by the World
Health Organization: overweight (BMI = 25-29.9) and
obesity (BMI ≥ 30) compared to ‘normal’ weight (BMI
= 18.5-24.9) as the reference category. When the nonstandard categories of BMI were used, we selected the
category most similar to those defined by WHO. We
also included studies using a reference BMI category
that was less than the WHO defined ‘normal BMI’, if
the RR estimate for the ‘normal BMI’ category was 1.0.
We included more than one estimate from some studies
(e.g., if a study reported and the odds ratio for persons
with BMI = 25-28 or BMI ≥ 28, both odds ratios were
included in the summary estimate for BMI ≥ 25). Because
waist circumference and WHR are different among
races and studies, and have no unified criteria around
the world, we combined the different outcomes between
the smallest waist or WHR quantile and the largest waist
or WHR quantile in studies using relative risks in metaanalysis of random effects. We assessed the heterogeneity
for each pooled estimate with a Cochran’s Q test. Finally,
we conducted sensitivity analyses omitting each study in
turn to determine whether the results were influenced
excessively by a single study.
www.wjgnet.com

BMI and risk of colorectal cancer
Compared with those in ‘normal’ range, the pooled RR
from colon cancer was 1.26 (95% CI = 1.04-1.52) and 1.71
(95% CI = 1.33-2.19) with no significant heterogeneity (P
= 0.61) and 1.71 (95% CI = 1.33-2.19) for overweight and
obese men respectively with no significant heterogeneity
(P = 0.61, P = 0.73). The pooled RR for rectal cancer of
overweight and obese men was 1.07 (95% CI = 0.78-1.46)
and 1.75 (95% CI = 1.17-2.621), respectively with no
significant heterogeneity (P = 0.26) (Figure 1A). The
pooled RR for colorectal cancer of overweight and obese
men was 1.37 (95% CI = 1.21-1.56) with no significant
heterogeneity (P = 0.42).
Compared with those in the ‘normal’ range, the pooled
RR for colon cancer was 1.09 (95% CI 0.95-1.26) and 1.10
(95% CI = 0.92-1.32) for overweight and obese women
(P = 0.24) with no significant heterogeneity (P = 0.24).
The pooled RR for rectal cancer of overweight women
was 0.90 (95% CI = 0.70-1.16, P = 0.59) and 1.12 (95%
CI = 0.84-1.49) for obese women with no significant
heterogeneity (P = 0.26) (Figure 1B). The pooled RR for
colorectal cancer of overweight and obese women was 1.07
(95% CI = 0.97-1.18) with no significant heterogeneity
(P = 0.29).
Waist circumference and risk of colorectal cancer
Compared with those in the lowest quantile, the pooled
RR for colon cancer was 1.68 (95% CI = 1.36-2.08) for
men and 1.48 (95% CI = 1.19-1.84) for women with no
significant heterogeneity (P = 0.31). The pooled RR for
rectal cancer was 1.26 (95% CI = 0.90-1.77) for men (P
= 0.95) and 1.23 (95% CI = 0.81-1.86) for women with
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Table 1 Characteristics of cohort studies investigating the association between obesity and colorectal cancer
Author, publication
yr, country, cohort

Study period

Age range

Sex

Cases/Cohort size Body size measurement Data collection Cancer sites

Moore (2004)[6] USA
Rapp (2005)[7] Austria
Larsson (2006)[8] Sweden

1948-1999
1985-2001
Began in 1997,
Mean follow-up 7.1 yr
1985-2003

30-79
18-93

M/F
M/F

306/7566
802/145 000

BMI, WC
BMI

Measured
Measured

CC
CC/RC

45-79

M

496/45 906

BMI, WC

Self-report

CC/RC

30-60

M/F

244/68 786

BMI

Self-report

CC/RC

1992-2000

25-70

M/F

1570/368 277

BMI, WC, WHR

Measured

CC/RC

Mean follow-up
10.4 yr
1975-1992
1986-1992
1965-1995
1980-1992
1986-1990
1982-1993
1994-2002
1990-1998
average of 8.7
yr follow-up

27-75

F

212/24 072

BMI, WC, WHR

Measured

CC

25-74
40-75
Born in 1900-1919
30-55
55-69
40-59
27-75 99.3% 40-69
40-76
≥ 45

M/F
M
M
F
F
F
M
F
F

222/13 420
203/47 723
453/7945
396/89 448
212/35 215
527/89 835
153/16 556
460/61 463
202/37 671

BMI
BMI, WC, WHR
BMI
BMI, WC, WHR
BMI, WHR
BMI
BMI, WC, WHR
BMI
BMI

Measured
Self-report
Measured
Self-report
Self-report
Self-report
Measured
Self-report
Self-report

CC
CC
CC/RC
CC
CC
CC/RC
CC
CC/RC
CC RC

[9]

Lukanova (2006) Sweden
Pischon (2006)[10]
10 European countries
Maclnnis (2006)[11] Australia
Ford (1999)[12] USA
Giovannucci (1995)[13] USA
Chyou (1996)[14] Japan
Martinez (1997)[15] USA
Bostick (1994)[16] USA
Terry (2002)[17] Canada
MacInnis (2004)[18] Australia
Terry (2001)[19] Sweden
Lin (2004)[20] USA

M: male; F: female; BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; CC: colon cancer; RC: rectal cancer.

Table 2 Types of quantile and cut-off points for upper and lower quantiles for waist and waist-to-hip ratio (WHR) used in the studies
Waist (cm)

WHR

Study

Type of quantiles
used

Upper limit of
lower quantile

Lower limit of
upper quantile

Upper limit of
lower quantile

Lower limit of
upper quantile

Moore (2004)[6]
Pischon (2006)[10]
Maclnnis (2006)[11]
Giovannucci (1995)[13]
Martinez (1997)[15]
Bostick (1994)[16]
MacInnis (2004)[18]

Quartiles
Quintiles
Tertiles
Quintiles
Quintiles
Quintiles
Quartiles

83.8 (M)/81.3 (F)
86 (M)/70.2 (F)
80 (F)
35in (M)
27.5in (F)
ND
87 (M)

101.6 (M)/99.1 (F)
103 (M)/89 (F)
88 (F)
43 in (M)
34in (F)
ND
99.3 (M)

ND
0.887 (M)/0.734 (F)
0.75 (F)
0.90 (M)
0.728 (F)
0.764 (F)
0.88 (M)

ND
0.990 (M)/0.846 (F)
0.80 (F)
0.99 (M)
0.833 (F)
0.906 (F)
0.96 (M)

M: male; F: female; ND: no data.

the highest quantile of waist circumference (P = 0.95,
Figure 2A).
WHR and risk of colorectal cancer
Compared with those in the lowest quantile, the pooled
RR for colon cancer was 1.91 (95% CI = 1.46-2.49) for
men (P = 0.23) with the highest quantile of WHR, and
1.49 (95% CI = 1.23-1.81) for women with no significant
heterogeneity (P = 0.76). The pooled RR for rectal cancer
was 1.93 (95% CI = 1.19-3.13) for men and 1.20 (95% CI
= 0.81-1.78) for women with the highest quantile of WHR
(Figure 2B).
Different anthropometric indexes of obesity and risk of
colorectal cancer
To further analyze obesity and the risk of colorectal cancer,
we calculated the pooled RR for colorectal cancer in the
highest quantiles of different anthropometric indexes
of obesity compared with the lowest quantiles (Table 3).
Compared with those in the lowest quantile, the pooled RR
for colon cancer was 1.59 (95% CI = 1.35-1.86) for men
with no significant heterogeneity (P = 0.82) but with the
highest quantile of BMI, and 1.22 (95% CI =1 .08-1.39) for

women with no significant heterogeneity (P = 0.15). The
pooled RR for rectal cancer was 1.16 (95% CI = 0.93-1.46)
for men with significant heterogeneity (P = 0.03) and the
highest quantile of BMI, and 1.23 (95% CI = 0.98-1.54) for
women with no significant heterogeneity (P = 0.93).
Obesity and risk of different cancer subsites
Compared with those in the ‘normal’ range, the pooled RR
for proximal colon cancer was 1.14 (95% CI = 0.88-1.47)
for the overweigh with no significant heterogeneity (P =
0.39) and 1.41 (95% CI = 0.66-3.01) for the obese with
significant heterogeneity (P = 0.04). Compared with those
in the lowest quantile, the pooled RR for proximal colon
cancer was 2.05 (95% CI = 1.23-3.41)) for those with the
highest quantile of waist circumference and no significant
heterogeneity (P = 0.63) and 1.66 (95% CI = 0.69-3.99)
for those with the highest quantile of WHR (Figure 3A).
Compared with those in the ‘normal’ range, the pooled
RR for distal colon cancer was 1.38 (95% CI = 1.02-1.87)
for the overweight with no significant heterogeneity (P =
0.59) and was 1.23 (95% CI = 0.80-1.90) for the obese with
significant heterogeneity (P = 0.76). Compared with those
in the lowest quantile, the pooled RR for proximal colon
www.wjgnet.com
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Overweight and colon cancer risk
Moore (30-54 yr)
Moore (55-79 yr)
Rapp
Lukanove
2
Maclnnis (BMI: 24.8-26.9 kg/m )
2
Maclnnis (BMI: 27.0-29.2 kg/m )
Combined

RR (fixed) 1.26 [95% CI 1.04, 1.52]

Obesity and colon cancer risk
Moore (30-54 yr)
Moore (55-79 yr)
2
Rapp (BMI: 30-34.9 kg/m )
2
Rapp (BMI ≥ 35 kg/m )
Lukanove
Maclnnis
Combined

RR (fixed) 1.71 [95% CI 1.33, 2.19]

Overweight and rectal caner risk
Rapp
Lukanove
Combined

RR (fixed) 1.07 [95% CI 0.78, 1.46]

Obesity and rectal cancer risk
Rapp
Lukanova
Combined

RR (fixed) 1.75 [95% CI 1.17, 2.62]

Total Combined
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RR (fixed) 1.37 [95% CI 1.21, 1.56]
-1.0

B
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Overweight and colon caner risk
Terry
Moore (30-54 yr)
Moore (55-79 yr)
Rapp
Lukanova
Maclnnis
Combined

RR (fixed) 1.09 [95% CI 0.95, 1.26]

Obesity and colon cancer risk
Terry
Moore (30-54 yr)
Moore (55-79 yr)
2
Rapp (BMI: 30-34.9 kg/m )
2
Rapp (BMI ≥ 35 kg/m )
Lukanova
Maclnnis
Combined

RR (fixed) 1.10 [95% CI 0.92, 1.32]

Overweight and rectal caner risk
Terry
Rapp
Lukanova
Combined

RR (fixed) 0.90 [95% CI 0.70, 1.16]

Obesity and rectal cancer
Terry
2
Rapp (BMI: 30-34.9 kg/m )
2
Rapp (BMI ≥ 35 kg/m )
Lukanova
Combined

RR (fixed) 1.12 [95% CI 0.84, 1.49]
RR (fixed) 1.07 [95% CI 0.97, 1.18]

Total Combined
-1.0

1

10

Figure 1 Overweight/obesity and colorectal cancer risk in men (A), and in women (B).

cancer was 1.86 (95% CI = 1.05-3.30) for those with the
highest quantile of waist circumference with no significant
heterogeneity (P = 0.80) and 1.79 (95% CI= 0.82-3.90) for
those with the highest quantile of WHR (Figure 3B).
Menopausal status
There are studies stratifying their analyses by menopausal
www.wjgnet.com

status[6,17,19]. Menopause was clearly defined only in one
study [17], and obesity was found to be associated with
approximately twofold increased risk of colorectal cancer
among women who were pre-menopausal at baseline, but
no positive association was found among postmenopausal
women. In the other two studies, one found a stronger
relationship between older women and BMI as well as
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WC and colon cancer risk (men)
Giovannucc
Moore (30-54 yr)
Moore (55-79 yr)
Larsson
Maclnnis
Pischon
Combined

RR (fixed) 1.68 [95% CI 1.36, 2.08]

WC and colon cancer risk (women)
Moore (30-54 yr)
Moore (55-79 yr)
Maclnnis
Pischon
Combined

RR (fixed) 1.48 [95% CI 1.19, 1.84]

WC and rectal caner risk (men)
Larsson
Pischon
Combined

RR (fixed) 1.26 [95% CI 0.90, 1.77]

WC and rectal cancer risk (women)
Pischon
Combined

RR (fixed) 1.23 [95% CI 0.81, 1.86]

-1.0

B
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1

WHR and colon caner risk (men)
Giovannucci
Maclnnis
Pischon
Combined

RR (fixed) 1.91 [95% CI 1.46, 2.49]

WHR and colon cancer risk (women)
Bostick
Martines
Maclnnis
Psichon
Combined

RR (fixed) 1.49 [95% CI 1.23, 1.81]

WHR and rectal caner risk (men)
Pischon
Combined

RR (fixed) 1.93 [95% CI 1.19, 3.13]

WHR and rectal cancer risk (women)
Pischon
Combined

RR (fixed) 1.20[95% CI 0.81, 1.78]

-1.0

4203

10

1

Figure 2 Waist circumference and colorectal cancer risk (A), and waist-to-hip ratio and colorectal cancer risk (B).

between waist circumference and WHR[6], the other found
no association between BMI and colorectal cancer risk
among older women[19]. Two studies further demonstrated
the effect of postmenopausal hormone therapy (PMH)[10,20]
and no change in the positive relationship between obesity
and colorectal cancer after estrogen exposure among
postmenopausal women.
Publication bias
The funnel plot of effect estimates for the risk of
colorectal cancer related to obesity was close to symmetry,
suggesting that there is no appreciable publication bias.

DISCUSSION
Our meta-analysis quantitatively assessed the relation
between obesity and colorectal cancer risk. The risk of
colorectal cancer increases with increasing BMI in men. A
positive association was found between proximal and distal
colon cancerand rectal cancer. However, the relationship
is inconsistent in women[6,7,11,19]. Based on our survey of
the published literature, the risk of overweight is lower
in the obesity and is of marginal statistical significance.
It is worth noting that, when waist circumference and
WHR were used as anthropometric measures of obesity,
the relationship was consistent in women and men and in
www.wjgnet.com
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Table 3 Comparison of the highest-to-lowest quantiles of BMI, WC and WHR to predict colorectal cancer risk
Body size measurement
BMI

Waist circumference

Waist-to-hip ratio

Category
Male (colon cancer)

Pooled effect estimate (95% CI)
1.59 (1.35-1.86)

Number of studies

0.82

10

Female (colon cancer)

1.22 (1.08-1.39)

0.15

12

Male (rectal cancer)
Female (rectal cancer)
Male (colon cancer)
Female (colon cancer)
Male (rectal cancer)
Female (rectal cancer)
Male (colon cancer)
Female (colon cancer)
Male (rectal cancer)
Female (rectal cancer)

1.16 (0.93-1.46)
1.23 (0.98-1.54)
1.68 (1.36-2.08)
1.48 (1.19-1.84)
1.26 (0.90-1.77)
1.23 (0.81-1.86)
1.91 (1.46-2.49)
1.49 (1.23-1.81)
1.93 (1.19-3.13)
1.20 (0.81-1.78)

0.03
0.93
0.31
0.79
0.95
0.23
0.76
-

5
6
6
4
2
1
3
4
1
1

subsites of colorectal cancer. Further analyses showed that
cancer risk of the highest quantiles was higher in waist
circumference and WHR than in BMI. It was reported that
adjustment for waist circumference or WHR can diminish
the relationship between BMI and colorectal cancer risk[6].
It was reported that obesity is related to the development
and prognosis of colorectal cancer [22,23] . Following
mechanisms have been suggested for the effect of obesity
on colorectal cancer. First, from the view of metabolic
syndrome, obesity is a major determinant of insulin
resistance, and insulin is an important growth factor
for colonic epithelial cells and a mitogen of tumor cell
growth in vitro[21]. C peptide, insulin-like growth factor
Ⅰand insulin-like growth factor binding proteins which
are elevated in obesity are related to colorectal cancer
risk[24]. It was also reported that insulin-like growth factor
polymorphism is related to colorectal cancer risk [33] .
Second, the fat itself can also influence colorectal cancer
risk [25] . Adipocytes and preadipocytes can promote
proliferation of colon cancer cells[26]. Fatty acid synthase
over-expression has been shown to be associated with
colorectal cancer phenotype[27]. Third, adipokines such as
leptin[28], adiponectin[29] are also associated with colorectal
cancer risk. Fourth, limited data implicate obesity-related
inflammation in pathogenesis of colorectal cancer[26,27].
Elevated physical activity[8,13,32] and low-caloric diet can
reduce cancer risk. The etiologic factors for cancer of
the proximal and distal colon may differ because there
are various molecular and clinical differences between
the two subsites that may influence the susceptibility to
environmental factors [34]. The causes for disparities in
relationship between BMI and colorectal cancer risk related
to genders have not been well understood yet. The higher
prevalence of visceral obesity in men and the protective
role of estrogen in women may play an important role.
Different factors in men and women such as self-esteem
and body image may also contribute to explaining the
differential associations.
Our study has several advantages. First, we only
included prospective studies which are less vulnerable to
selection and recall biases that may affect case-control
studies on associations between obesity and colorectal
cancer. The inclusion criteria also minimized variation in
studies due to their design or quality. Second, we separated
meta-analysis of different anthropomatric measures of
www.wjgnet.com

Pheterogeneity

body fat, removing potential sources of heterogeneity that
may occur in a mata-analysis of the published literature.
Different kinds of fat disposition may have different
effects on colorectal cancer risk.
Our study also has some limitations. First, anthropomatric
measurement at baseline could not investigate the changes
during follow-up. Second, the age range was different am,
leading to some heterogeneity of the analysis. However, all
the individual results were adjusted for this factor, and the
funnel plot analysis indicated no appreciable publication
bias, demonstrating that this deficiency is not important.
Third, some sub-analysis was based on the data of one
study, which should be re-evaluated in further studies.
Finally, measurement error in different indexes may bias
the results.
In conclusion, the findings of the meta-analysis suggest
that obesity is a statistically significant risk factor for
colorectal cancer and is of public health significance since
obesity is a potentially modifiable risk factor, in contrast to
almost all other known risk factors for colorectal cancer.
Body fat indexes according to abdominal obesity are more
sensitive than overall obesity. The mechanism should be
further evaluated.

COMMENTS
Background

Colorectal cancer has long been known to have some relationship with
obesity in epidemiological studies. However, the interpretation of the results of
epidemiological studies evaluating the relation between obesity and colorectal
cancer has been hampered due to the differences in methodology and inconsistent
approaches to defining obesity, and the epidemiological evidence linking obesity to
colorectal cancer has not been critically reviewed.

Research frontiers

There are many epidemiological studies highlighting the important influences of
obesity on colorectal cancer risk. The related mechanisms are concerned about
metabolic syndrome, adipokines and growth-promoting function of related factors.

Innovations and breakthroughs

This study systematically analyzed the relationship between obesity and colorectal
cancer risk, and compared three different indexes of body fat in different cancer
subsites and both genders.

Applications

The meta-analysis suggests that obesity is a statistically significant risk factor
for colorectal cancer. Body fat indexes according to abdominal obesity are more
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Figure 3 BMI/waist circumference/WHR and proximal colon cancer risk (A), and BMI/waist circumference/WHR and distal colon cancer risk (B).

sensitive than overall obesity. This finding is of public health significance since
obesity is a potentially modifiable risk factor, in contrast to almost all other known
risk factors for colorectal cancer. It is valuable for prevention and prediction of
colorectal cancer in high-risk populations.

Terminology

Meta-analysis is a statistical method of combining the results of different studies
in order to provide a larger sample size for evaluation and to produce a stronger
conclusion than that by any single study.

Peer review

Differences in colon and rectal cancer and colon cancers were evaluated between

males and females, showing that obesity is a significant risk factor for colorectal
cancer which is more significant in men than in women. The body fat indexes,
waist circumference and waist to hip ratio, were found to be more sensitive than
overall obesity in determining RR for colon cancer, and more consistent RR
between men and women was observed when these indices were used. Overall
this manuscript is reasonably well written and contains interesting information.
Comments from other reviewers are considered.
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Abstract
AIM: ���
T��
o ��������������������������
investigate whether bowel ��������������������
inflammation and/or
parasite control is altered in the absence of the T cell
adhesion molecule CD2.
-/-

METHODS: Wildtype (WT) and CD2 deficient (CD2 )
mice were infected with 100 cysts of Toxoplasma gondii
(T. gondii) (ME49) by gavage. On d 7 after infection mice
were killed. Necrosis and the number of parasites/cm ileum were determined. Cytokine levels of stimulated cells
as well as sera were evaluated. Secondly, survival of WT
-/vs CD2 mice was analysed using Kaplan-Meier analysis.
RESULTS: CD2-/- mice survived longer than WT mice
-/(mean: 23.5 vs 7.1 d, P = 0.001). Further, CD2 mice
showed less weight loss and less ileal inflammation than
WT mice at d 7 post infection. In addition, the number
-/of parasites in the ileum was significantly lower in CD2
mice than in WT mice (88 ± 12 vs 349 ± 58� cm,
���� P < 0.01).
This was paralleled by lower production of IFN-γ and IL-6
from TLA-stimulated mLN cells and increased IFN-γ production by splenocytes.
CONCLUSION: CD2 deficient mice are more resistant
to T. gondii infection than WT mice. In contrast to most
current immunosuppressive or biological therapies CD2
deficiency reduces intestinal inflammation and at the
same time helps to control infection.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Crohn’s disease is characterized by mononuclear cell
infiltration of affected bowel segments, consisting
primarily of macrophages and T helper cells, and can
affect both the small and large bowel. Apart from
genetic and environmental factors T cells seem to play a
pathogenic role since anti-IL-12 monoclonal antibodies
(mAb) have a beneficial effect in Crohn’s disease and
such animal models probably via apoptosis induction of
activated T helper cells[1,2]. However, CD4 T cell depletion
also leads to impaired immune defence towards various
pathogens, e.g. in AIDS. Similarly, although to a lesser
extent, currently used drugs for the treatment of Crohn’s
disease impair immune reactions towards infections, e.g.
steroids or azathioprine. More recent therapies, i.e. antiTNF- α monoclonal antibodies (mAb) or anti-IL-12
mAb, can even lead to reactivation of latent infections
such as tuberculosis[3,4]. Therefore, a major problem of
all previously described highly effective Crohn’s disease
therapies is the impaired immune defence towards
infections.
Animal models of small bowel inflammation as in
Crohn’s disease are scarce and have limitations. For
example TNF ∆ARE mice have ileitis but do not have
clinical signs of bowel inflammation[5]. Others, such as the
SAMP1/Yit model are not widely available[6]. One model
of small bowel inflammation with similarities to Crohn’s
disease is the murine Toxoplasma gondii (T. gondii) infection
which - in susceptible mice (C57BL/6) - leads initially to a
T helper 1 (Th1) mediated small bowel inflammation[7-10].
Mice die because of the severe intestinal inflammation
within 10 d. In contrast, athymic mice, which do not have
T cells, or IL-12 deficient mice survive longer without this
intestinal inflammation but eventually die due to severe
generalized infection[8,11,12]. This nicely demonstrates that
both, chronic small bowel inflammation and defence
towards pathogens, can be studied in this model.
www.wjgnet.com
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CD2 is a T cell surface molecule expressed on virtually
all T cells, thymocytes, natural killer cells and, only in mice,
on B cells. CD2 plays a pivotal role in the immunological
synapse initiating T cell/APC contact even before T cell
receptor recognition of peptide-MHC complex[13-15]. For
mucosal immunology, CD2 plays an even more important
role, since lamina propria lymphocytes proliferate via
CD3/T cell receptor complex much less than via CD2,
both in vitro and in vivo[16,17]. CD2 deficient mice have a
normal phenotype, a normal leukocyte composition and
can mediate robust immune responses[18,19]. Recent in vitro
experiments suggest that T cells from CD2-/- mice may
be defective in proliferation and cytokine production[20].
H o w e v e r , C D 2 -/- m i c e d i d n o t s h o w a g e n e r a l
immunosuppression or an increased tumor incidence as
demonstrated by normal cellular immune responses upon
infection with lymphocytic choriomeningitis virus or Pneumocystis
jiroveci[19,21].
Our previous work demonstrated that an anti-CD2
mAb effectively prolonged survival in transfer colitis
without affecting immune defence against infection [22].
In order to clarify the role of CD2 in further detail, we
now report on T. gondii infection in CD2 deficient mice.
Surprisingly CD2 deficient mice infected with T. gondii
not only had less intestinal immunopathology, but also
improved control of T. gondii infection. To the best of
our knowledge this is the first example where a defined
deficiency both enhances defence towards inflammation
and at the same time helps to control an infection.

MATERIALS AND METHODS
Animals
Wildtype mice (WT) on a C57BL/6 background were
obtained from the Research Institute for Experimental
Medicine (FEM), Berlin, Ger many. CD2 deficient
(CD2-/-) mice on a C57BL/6 background were obtained
from Taconic, NY, USA. Mice were bred under specific
pathogen free (SPF) conditions at the Research Institute
for Experimental Medicine (FEM), Berlin, Germany,
and were used at 8 to 12 wk of age. Mice were kept in
polycarbonate cages and had free access to sterile standard
chow and water.
Infection with Toxoplasma gondii
C57BL/6 (n = 8) or CD2-/- mice (n = 16) were infected
with Toxoplasma gondii by gavage with 100 cysts of the
ME49 strain as previously described[8]. Cysts were obtained
from brains of NMRI mice that had been infected
intraperitoneally with 10 cysts for 2-3 mo, as previously
described[23]. Mice were sacrificed on d 7 or 8 of infection (8
control mice and 8 CD2-/- mice), when WT mice showed
severe signs of disease. Serum, spleen, mLN and ileum of
each mouse were obtained.
To determine the outcome of infection in the CD2-/mice that sur vived the acute stage of infection, we
investigated the time to death and the cause of death
during the chronic stage of infection. Therefore, for
the remaining mice cumulative survival was determined,
histological scores and parasite load were compared by
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Mann-Whitney-U-test. These experiments were repeated
twice.
Isolation of spleen cells, mLN cells and colon culture
Single cell suspensions were prepared as described above
using a 70 μm mesh cellstrainers (BD Biosciences, Germany). Cells were washed and cultured in complete medium
(RPMI 1640 medium containing 10% fetal calf serum
(FCS), 100 U/mL penicillin/streptomycin, 3 m������
mol/L�
glutamine, and 50 μmol/L� β-mercaptoethanol). The cell
viability was always greater than 90% as determined by
trypan blue dye exclusion.
Total colon culture was performed as previously
described[24]. Briefly, segments of colon (1 cm in length)
were cut, opened longitudinally and washed. Tissue was
cultured in serum free medium. Cytokine concentrations
were determined in the 24 h supernatant by ELISA.
Protein concentrations of the homogenate were quantified
by a Bradford assay as previously described[25].
Cytokine assay
Isolated spleen cells and mLN cells (1 × 106 cells/mL in
24-well plates (NUNC, Germany)) were stimulated with
coated αCD3 mAb 145-2C11 (10 μg/mL) and soluble
αCD28 mAb 37.51 (1 μg/mL) or Toxoplasma lysate antigen
(TLA). Supernatants were collected 48 hours after beginning of the culture and examined for cytokine secretion
(IL-2, IL-4, IL-6, IL-10, TNF-α,���������
and IFN-γ) by sandwich
ELISA. Antibodies (purified and biotinylated) as well as
recombinant protein standards for IL-2, IL-4, IL-6, IL-10,
TNF -α and IFN-γ (OptEIA-set BD Pharmingen, Germany) were used according to the manufacturer’s instructions.
Histological examination and microscopic scoring
Groups of 2-4 mice were killed by CO2 asphyxiation at 7
or 8 d after peroral infection with T. gondii (strain ME49).
Tissue samples of the ileum were fixed in 4% formalin,
embedded in paraffin and sections (5 μm) were stained
with hematoxylin and eosin for histology. The degree of
inflammation was blindly assessed by two investigators
using a scoring system which was modified for the original
score as described by Heimesaat et al from 0-5 (0, normal;
1, edematous blubbing; 2, transsudate, intact epithelium;
3, cellular shedding into lumen; 4, beginning disintegration
of epithelial layer; 5, complete destruction, necrosis)[26].
Further samples were stained by immunoperoxidase
method with rabbit anti-T. gondii IgG antibody as reported
previously[27] and the number of parasites per cm ileum
was determined as previously described[8].
In chronically infected CD2-/- mice the number of cysts
in brain, lever, heart and lung were additionally specified.
Statistical analysis
Statistical analysis was carried out using SPSS for Windows. Survival was analyzed using Kaplan-Meier analysis.
For other comparisons the Mann-Whitney U test was used.
Values were expressed as mean (95% confidence intervals)
and standard error of mean (SEM). A P-value of less than
0.05 was considered significant.
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Figure 1 Prolonged survival of CD2-/- mice (n = 8) vs WT mice (n = 7) after
infection (p.o.) with 100 cysts of T. gondii (strain ME49) (P = 0.001).
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Figure 3 CD2 deficiency reduces parasite load in Toxoplasma gondii infection.
Staining of pseudcysts in the ileum of T. gondii infected CD2-/- (A) and WT mice
(B). One week after infection CD2-/- mice show significantly less pseudocysts. (C)
Box blot analysis of pseudocysts in the ileum of CD2-/- (n = 5) and WT mice (n = 6),
(P = 0.006). 115 and o10 depict counted parasite number outside the box.
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Figure 2 CD2 deficiency improves ileal Th1 immunopathy after Toxoplasma
gondii infection with less necrosis compared to WT mice (P = 0.002). The histology
of the ileum is shown at 7 d after infection. While CD2-/- mice show a nearly
normal histological appearance of the ileum (A), the ileum of WT mice (B) show
disintegration of epithelial layer, cellular shedding into the lumen and massive
crypt destruction. The box blot on the (C) summarizes the examination of the ilea
of 8 CD2-/- and 8 WT mice giving the median, upper and lower quartile, maximum
and minimum.

RESULTS
T. gondii infected CD2-/- mice survive longer
To examine the role of CD2 in T. gondii mediated ileitis,
WT and CD2-/- mice were orally infected with 100 cysts
of T. gondii. As shown in Figure 1 survival after oral infection was significantly increased in CD2 deficient mice
compared to WT mice (23.5 vs 7.1 d, P = 0.001). While all
infected WT mice died between 7 and 9 d after infection,
none of CD2-/- mice died within this period of time. At
the same time WT mice lost significantly more weight than
CD2-/- mice (d 7 post infection (p.i.): WT (mean ± SE of

CD2-/- mice show decreased intestinal inflammation and
improved parasite control in T. gondii infection
Because of the remarkable difference in mortality between
WT and CD2-/- mice, and since mortality during acute
T. gondii infection can result either from uncontrolled
inflammation[28] or increased parasite replication[29] we also
examined the small intestines of infected WT and CD2-/mice at d 7 or 8 p.i. in order to determine histological
changes.
Severe necrosis of the villi and mucosal cells was particularly observed in the small intestine of WT mice. In
contrast, CD2-/- mice showed decreased ileal inflammation
(score of WT vs CD2-/- mice: 4.3 vs 2.3, P = 0.02; Figure 2).
CD2-/- showed significantly lower parasite load in the
ileum compared to WT mice (88 ± 12 vs 349 ± 58, P < 0.01;
Figure 3). Collectively, these data indicate that CD2-/- but
not WT mice control both the ileal Th1 type inflammation
as well as the parasite infection.
To determine the outcome of infection in the CD2-/mice that survived the acute stage of infection (7-10 d p.i.),
we investigated the time to death and the cause of death
between 11 and 23 d after infection. At the time of death,
the ilea of CD2-/- mice showed only moderate signs of
inflammation (mean score 2.8 ± 0.13). Only small amounts
of parasites were detected in the terminal ileum and the
brain (ileum: 10.5 ± 3.3; brain: 179.6 ± 91.4) whereas liver,
heart and lungs displayed no sign of inflammation and
parasite burden (not shown).
www.wjgnet.com
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Figure 4 Decreased intestinal IFN-g production in CD2-/- mice upon Toxoplasma gondii infection. Production of IFN-g by lymphocytes and concentration in sera obtained
from CD2-/- or WT mice infected with the ME49 strain of T. gondii. Sera (A) and supernatants of stimulated mLN lymphocytes (B) of CD2-/- mice contain significantly
less IFN-g than appropriate probes of WT mice (P = 0.009, P = 0.039). Supernatants of stimulated splenocytes (C) of CD2-/- mice produce significantly more IFN-g than
appropriate cells of WT mice (P = 0.021).
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Figure 5 Decreased intestinal IL-6 production in CD2 -/- mice upon T. gondii
infection. The mLN lymphocytes were stimulated with CD3/CD28 (A) or TLA (B)
for 48 h. Stimulated mLN lymphocytes of CD2-/- mice produce significantly less
IL-6 vs WT mice (P = 0.011, P < 0.05). o11 depicts a measured IL-6 concentration
outside the box.

Lymphocytes of mLN of T. gondii infected CD2-/- mice
produce less proinflammatory cytokines
IFN-γ was previously found to be a key cytokine in the
process of T. gondii-induced ileal necrosis. Therefore,
IFN-γ concentrations of supernatants of small intestinal
cultures, mLN lymphocytes (local) as well as sera and
splenocytes (systemic) were studied in infected CD2 -/compared to infected WT mice.
As shown in Figure 4, the decrease in inflammation
and parasite load in CD2-/- mice compared to WT mice
was paralleled by decreased production of IFN-γ from
TLA-stimulated lymphocytes of mLN (P = 0.039) and
lower IFN-γ levels in the serum (P = 0.009). Surprisingly,
TLA-stimulated CD2-/- splenocytes produced higher levels of IFN-γ (P = 0.021). Similarly, a reduction of IL-6
production by anti-CD3/CD28 stimulated lymphocytes
(P = 0.011) and to a lesser extent by TLA stimulated lym-/phocytes of mLN (P < 0.05) of CD2 mice was found
compared to WT cells (Figure 5).
No significant differences were found with regard to
production of IL-2, IL-4, IL-10, and TNF-α in all organs
and sera.

DISCUSSION
In this study we demonstrate for the first time that a
www.wjgnet.com

defined T cell adhesion receptor deficiency, i.e. CD2
deficiency, can improve survival and simultaneously
enhance infection control in a pathogen-induced model of
Crohn’s disease, i.e. T. gondii induced enteritis. This stands
in contrast to almost all currently used Crohn’s disease
medications including immunosuppressive drugs and
“biologicals”.
Peroral application of 100 T. gondii cysts to susceptible
mice (i.e. C57BL/6 mice) leads to severe immunopathology
of the small intestine which has never been observed in
humans[8,10,30]. CD4+ T cells but not the parasite itself play
a central effector role and lead to a cytokine storm with
lethal consequences[8,31-34]. Importantly, the small bowel
inflammation also occurs in areas where no tachyzoites are
detectable demonstrating that this disease is not directly
linked to the presence of parasites although initially
induced by them. The dominance of Th1 cytokines, the
intestinal inflammation at sites away from tachyzoites,
the involvement of resident enteric bacteria, and the
effectiveness of anti-inflammatory substances (e.g. antiTNF- α mAb) makes this murine disease a model for
Crohn’s disease[8-11,23,26,34-36].We here describe that pathogeninduced intestinal pathology was less severe in mice
deficient in CD2. This finding supports our previous
studies using blocking anti-CD2 mAb that ameliorated
transfer colitis in mice and that did not aggravate T. gondii
infection [22]. In contrast to the mAb studies we found
reduced production of IFN-γ and IL-6 by mLN while the
blocking anti-CD2 mAb only reduced IL-2 production by
splenocytes and intestinal T cells. Interestingly, we found
not only anti-inflammatory effects in CD2-deficient mice
but also reduced parasite loads in CD2-deficient mice.
In principle there are two possible explanations for our
observation of reduced pathology and increased resistance
against parasite replication:
(1) In the early phase of infection CD2 deficiency
might improve immune defence against T. gondii leading to
less severe intestinal inflammation. Since macrophages can
be activated via the CD2/CD58 (humans) or CD2/CD48
(mice) pathway the lack of CD2 might lead to a weaker
stimulation of antigen presenting cells (APC). As a result,
APCs as well as activated T cells produce less IL-6 and
IFN-γ. Since IL-6 enhances intracellular replication of T.
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gondii[33] fewer parasites are available at early stages for the
induction of intestinal pathology.
(2) CD2 deficiency disturbs the immunological synapse
which is required for antigen presentation[13-15]. This implies
that higher antigen concentrations are needed to mount
a similar T cell response[37]. Since at least 20 cysts must
be given to C57BL/6 mice in order to induce intestinal
pathology this might well explain that the inflammatory
stimulus in CD2 deficient mice is not sufficient[7]. Secondly,
lower IFN-γ and IL-6 production can be observed leading
to less severe small bowel inflammation.
In both settings the finding of reduced IFN-γ and IL-6
production by mLN could explain the less severe ileitis
seen in CD2 deficient mice. Particularly, IL-6 has been
shown in recent years to be a key cytokine in mediating
bowel inflammation[38-41]. Most recently, it was shown that
particularly IL-17 secreting T cells (Th17 cells) are responsible for the production of IL-6 and that application of
mAb to IL-6 or its receptor (IL-6R) ameliorates colitis,
both in mice and in humans[40-43]. In addition, IL-6 itself
induces vice versa IL-17 production leading to further inflammation[44].
The role of IFN-γ in Crohn's disease is less clear. For
many years this cytokine was considered to be the most
important cytokine in the pathogenesis of this Th1 mediated disease. However, the IFN-γ or -receptor deficiency
does not prevent TNBS-induced colitis [45,46]. In IL-10
deficient mice, another Crohn’s disease model, mAb directed at IFN-γ can prevent enterocolitis but do not affect
established enterocolitis[47]. In contrast, anti-IFN-γ mAb
given after colitis induction ameliorate transfer colitis[48].
Similarly, anti-IFN-γ mAb given 5 d after T. gondii infection
decreases intestinal pathology[8]. When CD2 deficient mice
were infected with T. gondii we observed lower IFN-γ serum levels as well as decreased IFN-γ production by TLAstimulated lymphocytes of mLN which might explain
decreased intestinal inflammation. It remains to be shown,
why IFN-γ concentrations were lower in serum and mLN
compared to wildtype mice. In contrast, TLA-stimulated
CD2-/- splenocytes produced higher IFN-γ levels possibly explaining less parasite burden. Beaman et al showed
that pre-treatment of T. gondii infected macrophages with
IFN-γ resulted in active killing of parasites[33]. It is, however, unclear, how CD2 deficiency enhances splenic IFN-γ
responses. To some extent the strong Th1 responsiveness in the spleen compared to a Th2 responsiness in the
mLN after T. gondii infection was previously described by
Chardes et al[35].
Although it was originally reported that mice deficient
in CD2 show no obvious immunological phenotype[18],
quantitative analysis led to the conclusion that the responses of peripheral T cells to specific antigens and proliferation were impaired in the absence of CD2[20,37,49]. Segregation of receptor and counter-receptors into supramolecular
clusters into the immunological synapse (IS) may promote
optimal signalling by causing CD2 clustering[14,15,50]. Therefore, CD2 deficiency probably leads to a defective IS or
to insufficient T cell activation in T. gondii infected, CD2-/mice. This could cause a milder immune reaction which
might protect T. gondii infected CD2-/- mice of dying in the
acute phase of infection. How this improves immune sur-
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veillance against T. gondii is more difficult to explain.
Particularly, this improved resistance against parasite
replication in infected CD2-/- mice is vitally important,
because conventional IBD therapies like treatment with
steroids or azathioprine decrease inflammation, but also
decrease immune surveillance against infectious pathogens.
Also new biologicals like infliximab or anti-IL-12 mAb
are able to inhibit inflammation, but they impair immune
surveillance at least as much as conventional immunosuppressives[3,51]. The results shown in this study using CD2
deficient mice demonstrate for the first time that chronic
intestinal inflammation can be suppressed without suppressing infection control.
In summary, our results argue that CD2 is involved in
immune defence and regulation of intestinal inflammatory
processes.
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Abstract
AIM: To construct pcDNA3.1-Egr.1p-p16 recombinant
plasmid and investigate the expression of p16 in
pancreatic cancer JF305 cells induced by radiation
and the feasibility of gene radiotherapy for pancreatic
carcinoma.
METHODS: Human p16 cDNA was ligated to the
downstream of Egr-1 promotor to construct pcDNA3.1Egr.1p-p16 plasmid by restriction enzyme digested. The
recombined plasmids were transfected into pancreatic
cancer JF305 cells with lipofectamine. p16 mRNA level
was detected by RT-PCR. The expression of p16 after
different doses of X-ray radiation was detected by
Western blot technique. Cell survival was assessed by
clonogenic assays and cell viability was analysed by
trypen blue exclusion. Flow cytometry was performed to
study the apoptosis of JF305 cells.
RESULTS: Restriction enzyme digestion showed the
correctly constructed pcDNA3.1-Egr.1p-p16. The p16
expression in cells transfected with pcDNA3.1-Egr.1p-p16
induced by different doses of radiation was higher than
that in the control group (P < 0.05). Eight hours after
2 Gy X-ray radiation, the expression reached its peak
www.wjgnet.com

(87.00 ng/L), and was significantly higher than that in
the control group (P < 0.0.5). Clonogenic analysis and
trypan blue extraction test showed that the pcDNA3.1Egr.1p-p16 transfer enhanced radiation-induced cell
killing in p16-null JF305 cell lines. The induction of
apoptosis was lower in combined transfection and
irradiation group than that in irradiation alone.
CONCLUSION: X-ray can induce the recombinant
plasmid pcDNA3.1-Egr.1p-p16 expression in JF305 cells.
The detection of dose and time provides an experimental
basis for in vivo study in future.
© 2007 WJG . All rights reserved.
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INTRODUCTION
While traditional surgery, chemotherapy and radiation
therapy conveyed significant cure rates for many types of
cancer, the results are less encouraging for other types due
to the inability to optimally localize the activity of therapeutic agents to tumor cells and limit damage to normal
tissue, thus allowing curative doses to be delivered. This can
be improved as recent advances in gene therapy, in which
transgene delivered by viral or non-viral vectors is introduced into tumor cells, can potentially provide new means
of targeting toxicity such as selective transgene activation[1-3].
The delivery of therapeutic genes into cancer cells or normal tissues of cancer patients is an important strategy in
cancer therapy[4]. Previous studies have shown that the six 5’
CarG [CC(A+T rich) GG] elements mediate transcriptional
induction of the Egr-1 gene promoter following ionizing
radiation. Transcriptional activation of the Egr-1 gene by
ionizing radiation appears to be a direct consequence of the
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production of reactive oxygen intermediates. It is an effective approach that uses the specificity of the Egr-1 promoter
to construct the radiation-inducible gene expression system
with destination gene[5-7]. In 1994, Weichselbaum linked
DNA sequences from the promotor region of Egr-1 to
a complementary DNA sequence which encodes human
tumor necrosis factor alpha (TNF-α). By transfecting EgrTNF into a human HL525 cell line, combined gene and
radiation therapy can enhance tumor cure rate without
increasing toxicity in normal tissue and is a new paradigm
for cancer treatment[8]. The p16 tumor suppressor gene
is localized to chromosome 9p21 and its protein product
inhibits cyclin D and CDK4/6 in G1. Restraint of cell
division cycle in cell proliferation defines p16 as a negative
regulation factor for cell division[9-11]. To study the feasibility of radiation inducible gene therapy, we constructed the
CarG elements of the Egr-1 promoter- ligated upstream
of cDNA for p16 (pcDNA3.1-Egr.1p-p16) and investigated the expression of p16 in pancreatic cancer JF305 cells
induced by radiation.

MATERIALS AND METHODS
Cell culture
Human pancreatic cancer JF305 cells were obtained from
China Medical University. Cells were grown in RPMI 1640
(GIBCO Company, Grand Island, NY, USA).The medium
was supplemented with 10% fetal calf serm, 100 U/mL
penicillin, and 100 μg/mL streptomycin. The cells were
incubated at 37℃ in a humidified atmosphere of 5% CO2
and sub-cultured when confluence was reached. The medium was changed every 5 d.
Plasmid construction
pMD18-T and Egr-1p were kindly provided by Wu CongMei (Shantou University Medical College, MD). Egr-1
promoter was derived by PCR amplification from the
plasmid pMD18-T.Egr-1p using primers (5'-TGAACGCGT
GACCCGGAAACGCCATATAAG-3' and 5'-ATTAAGCT
TCCAAGTTCTGCGCGCTGGGATC-3'). Amplification
was performed for 35 cycles at 95℃ for 45 s, at 60℃ for
45 s and at 72℃ for 1 min. p16 was kindly provided by
Professor Zhang Bo (Beijing University Medical College).
pcDNA3.1+ vector was purchased from Invitrogen
(Carlsbad, California, USA). Expression vector for p16 was
constructed in our laboratory (Figure 1).
Transfection
A total of 5 × 10 5 JF305 cells were seeded into each
well of a six-well plate. On the third day (when the cells
reached 80%-90% confluence), the culture medium was
aspirated, and the cell monolayer was washed with prewarmed sterile PBS. Cells were transfected with the
appropriate construct using Lipofectamine 2000 according
to the manufacturer’s instructions. Four micrograms of
plasmid DNA (in 10 μL ddH2O) was mixed with 250 μL
of serum-free medium(SFM) and incubated for 20 min at
room temperature with a mixture of 10 μL Lipofectamine
2000 and 250 μL SFM and the resultant complex mixture
was added to a monolayer of pre-confluent cells seeded
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Figure 1 Diagram of plasmid pcDNA3.1-Egr.1p-p16 construction.

in a six-well plate. The medium was replaced with fresh
and complete one 6 h after transfection. The cells were
exposed to irradiation 36 h after transfection.
Irradiation
Cell monolayer was irradiated at 37℃ using a Varian Clinac
600C linear accelerator at a dose rate of 2.5 Gy/min for 0,
2, 4, 8, 10 and 20 Gy groups, respectively.
Western blot analysis
Cells were treated with lysis buffer containing 1% NP40,
137 mmol/L NaCL, 20 mmol/L Tris base(pH 7.4), 1
mmol/L DTT, 10% glycerol, 10 mg/mL Aprotinin, 2
mmol/L sodium vanadate and 100 μmol/L PMSF. Protein concentrations were determined using the PIERCE
BCA protein assay kit. Protein was separated by 10% SDSPAGE under denaturing conditions and transferred to
nitrocellulose membranes. Membranes were incubated
with mouse p16 monoclonal antibody (1:1000; Santa Cruz
Biotechnology), followed by incubation in goat anti-mouse
secondary antibody conjugated with horseradish peroxidase (1:1000; Santa Cruz Biotechnology). Immunoreactive
proteins were detected with enhanced chemiluminescence
detection system (Amersham Biosciences)
RNA isolation and RT-PCR
Total RNA was prepared using Trizol reagent as described
by the manufacturer (Life Technologies, Inc). One μg of
total RNA was reverse transcribed by Moloney murine
leukemia virus reverse transcriptase (Promega) under standard conditions. Duplicate samples of 1 μL each cDNA
were amplified by PCR. The amplification reaction mixture
(50 μL) contained cDNAs (p16: forward primer 5'-CCTCwww.wjgnet.com
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Figure 2 Electrophoresis patterns of the constructed vector digested with
restriction endonucleases. Ma: 1 kb marker; Lane 1: pcDNA3.1-Egr.1p-p16; lane 2:
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Figure 3 Expression of p16 in JF305 cells after X-irradiation. Lane A: control
group; lane B: 0 Gy group; lane C: 2 Gy group; lane D: 4 Gy group; lane E:8 Gy
group; lane F: 10 Gy group; lane G: 20 Gy group.

GTGCTGATGCTACTGA-3' and reverse primer 5'-CATGGTTACTGCCTCTGGTG-3'; GAPDH: forward primer
5'-TCAACGGCACAGTCAAGG-3' and reverse primer
5'-TGAGCCCTTCCACGATG-3'). GAPDH was used
as an internal control to normalize variable amounts of
cDNA in each sample. A product with 241 bp was generated, and PCR products were analyzed on 15 g/L agarose
gel. The assay for each sample was repeated at least twice.
Cell survival and viability analysis
Cell survival was assessed by clonogenic assay in monolayer culture. In brief, the cells were trypsinised, counted,
placed in the glass tube and irradiated. The known number
of cells was then re-plated in 100-mm culture dishes and
returned to the incubator to allow macroscopic colony
development. The surviving fractions following a given
treatment were calculated based on the survival of nonirradiated non-transfected cells.
The viability of cells with or without irradiation (4 Gy)
was analyzed using trypan blue exclusion. Each experiment
was repeated at least twice.
Quantitation of apoptosis
Apoptosis was quantified by flow cytometry using the
APOBRDUTM kit (PharMinge, San Diego, CA, USA). In
brief, 2 × 106 cells were fixed with 1% paraformaldhyde
in phosphate-buffered saline (PBS) for 15 min at room
temperature, washed twice with PBS, and stored in 70%
ethanol at -20℃. Flow cytometry analysis was performed
with a EPICS flow cytometer (Coulter Corp, Hialeah,
FL, USA). Histograms of cell number logarithmic
fluorescence intensity were recorded for 10 000 cells per
sample.

www.wjgnet.com
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Figure 4 Transcription level of p16 mRNA after irradiation. Lane M: DL2000
marker; lane A: 0 Gy group; lane B: 2 Gy group; lane C: 4 Gy group; lane D: 8 Gy
group; lane E: 10 Gy group; lane F: 20 Gy group.

Statistical analysis
All experiments were performed at least three times. Student’s t and correlation tests were used to determine the
comparability of groups. P < 0.05 was considered statistically significant.

RESULTS
Identification of pcDNA3.1-Egr-1p.p16 recombinant
plasmid
The reconstructed plasmid was identified by digestion with
restriction enzymes MluⅠ/HindⅢ and EcoRⅠ/XhoⅠ
respectively and the digestive products were visualized on
10 g/L agarose gel (Figure 2), demonstrating that recombinant plasmids were digested to 1300 bp and 800 bp DNA
fragments, which carried the target gene Egr-1p and p16.
Expression of p16 in JF305 cells transected with
pcDNA3.1-Egr-1p.p16 followed by different doses of
X-irradiation
JF305 cells transfected with pcDNA3.1-Egr.1p-p16 were
irradiated by different doses of X-ray. The cells in the control group were transfected with pcDNA3.1+. Eight hours
after irradiation, the protein was extracted and the expression of p16 was detected by Western blot. The results
showed no p16 expression in the control group and higher
p16 expression in 2, 4, 8, 10 and 20 Gy groups than in 0
Gy group (Figure 3).
Level of p16 mRNA after X-irradiation
The expression of p16 gene after X-irradiation was detected by RT-PCR. Control RNA from un-irradiated cells
demonstrated a low but a detectable level. In contrast, p16
expression increased in a dose-dependent manner in irradiated cells (Figure 4).
Effect of pcDNA3.1-Egr-1p.p16 transfection on
radiation-induced cell killing
We first tested whether pcDNA3.1-Egr-1p and p16 trans-

1

Control
pcDNA3.1
pcDNA3.1-p16
pcDNA3.1-Egr.1p-p16

Survival fraction

0.1

0.01

0.001

0.0001

0

2
4
Radiation dose (Gy)

6

90
80

Cell viability (%)

70
Control
pcDNA3.1
pcDNA3.1-p16
pcDNA3.1-Egr.1p-p16
Radiation

40
30

pcDNA3.1+radiation
pcDNA3.1-p16+radiation
pcDNA3.1-Egr.1p-p16+radiation

20
10
0

0

2

4
6
8
10
Time after radiation (days)

1

2

3

4
Group

5

6

7

pcDNA3.1-p16 transfected cells (χ2 = 3.92, P < 0.05 on d
12; χ2 = 4.46, P < 0.05 on d 14).
Apoptotic analysis
Only a minor fraction of cells in the control group underwent apoptosis (3%). However, when cells were irradiated
with a dose of 2 Gy, the proportion of apoptotic cells
reached 39%, which was higher than that in pcDNA3.1+
group (15%, P < 0.01). In JF305 cells transfected with
pcDNA3.1-p16 or pcDNA3.1-Egr-1p-p16, the apoptosis
rate was 18% and 17%. However, when the cells were exposed to 2 Gy irradiation, the apoptosis rate was 23% and
21%, being lower than that in the irradiation group (39%,
P < 0.05) (Figure 7).
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Figure 7 Apototic changes in transfected JF305 cells. 1: control group; 2:
pcDNA3.1+ group; 3: 2 Gy irradiation group; 4: pcp16 group; 5: pcDNA3.1Egr.1p-p16 group; 6: pc DNA3.1-p16+2 Gy irradiation group; 7: pcDNA3.1Egr.1p-p16+2 Gy irradiation group.

Figure 5 pcDNA3.1-p16 and pcDNA3.1-Egr.1p-p16 transfection showing JF305
cell survival determined by clonogenic assay.
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DISCUSSION
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14

Figure 6 pcDNA3.1-Egr-1p-p16 transfection showing JF305 cell viability
determined by trypan blue exclusion.

fection increased the radio-sensitivity of JF305 pancreatic carcinoma cell lines in vitro. Clonogenic assays were
performed on JF305 cells. The survival of non-irradiated
JF305 cells increased 86% and 78% respectively after
pcDNA3.1-p16, pcDNA3.1-Egr-1p-p16 transfection,
while reduced from 63% to 9.22% and 0.28% at 2 Gy,
from 15% to 0.59% and 0.012% at 4 Gy (Figure 5). PcDNA3.1 transfection alone did not produce marked sensitization in JF305 cells in the range of 2-6 Gy. JF305 cells
transfected with pcDNA3.1-Egr.1p-p16 were much more
radiosensitive than non-transfected or pcDNA3.1-p16
transfected cells.
Next, we examined the viability of the JF305 cells using
the trypan blue exclusion test (Figure 6). Six days after radiation, no difference was found in viability of pcDNA3.1Egr-1p-p16–transfeced cells and pcDNA3.1-p16 transfected or non-transfected cells. Six days after irradiation, the
viability of irradiated pcDNA3.1-Egr-1p-p16 transfeced
cells gradually decreased, compared with pcDNA3.1-p16
transfected, non-transfected and non-irradiated cells. The
viability of irradiated pcDNA3.1-Egr-1p-p16 transfeced JF305 cells decreased more significantly than that of

Pancreatic cancer remains a challenge to the oncologist.
The death to incidence ratio of pancreatic cancer is approximately 0.98-0.99:1[12,13]. More than 27 000 people die
of pancreatic cancer each year and it is the fourth leading
cause of cancer death in the United States[14]. Some reports
have shown that the mortality of pancreatic cancer in
China has increased constantly over the last decades[15-18].
With the rapid development of molecular biology, gene
radiotherapy has been considered as an effective cancer
treatment. Weichselbaum et al[8] are the forerunners in tumor gene radiotherapy (Egr-TNF). Since they put forward
that ionizing radiation could be used to activate the transcription of exogenous genes encoding cytotoxic proteins,
and established the techniques that might be used to target
gene therapy during the treatment of human neoplasms in
1992, a variety of downstream genes have been introduced
to Egr-1 promoter for the treatment of different tumors.
The p16 gene maps on 9p21 contain three exons and
encode a nuclear phosphoprotein with a molecular weight
of 16 kDa. The p16 protein negatively regulates the cell
cycle by inhibiting cyclin-dependent kinases 4 and 6 and
interacting with cyclin D1. In the absence of p16, CDKs
bind to cyclin D1 and retinoblastoma protein(pRb) is
phosphorylated, leading to its deregulation at the G1/S
checkpoint, and cell proliferation is switched on. In a variety of human malignant tumors and cell lines, the p16INK4A
gene is inactivated by various genetic mechanisms, including point mutation, homozygous deletion, and hypermethylation of CpG islands in the p16INK4A promoter[19]. p16
www.wjgnet.com
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seems to act in a regulatory feedback circuit with CDK4,
D-type cyclin and retinoblastoma protein. Over-expression
of p16 gene could block cell cycle progression through
the G1-to-S phase boundary in a pRB-dependent manner.
These findings suggest that the CDK4- inhibitory activity of p16 is involved in regulating cell cycle progression
through the G1/S boundary[20].
Based on the anticancer action of p16, we constructed
pcDNA3.1-Egr.1p-p16 plasmid and transfected JF305 cells
to study the expression properties of the plasmid induced
by ionizing irradiation. The results revealed that the p16
expression in cells transfected with pcDNA3.1-Egr.1p-p16
induced by irradiation with 2, 4, 8, 10 and 20 Gy X-ray was
higher than that in the sham-irradiation group. JF305 cells
transfected with pcDNA3.1-Egr.1p-p16 were much more
radiosensitive than nontransfected or pcDNA3.1-p16
transfected cells. The viability of irradiated pcDNA3.1Egr-1p-p16 transfeced JF305 cells decreased more significantly than that of pcDNA3.1-p16 transfected cells (χ2 =
3.92, P < 0.05 on d 12; and χ2 = 4.46, P < 0.05 on d 14).
Combination of pcDNA3.1-Egr-1p-p16 and radiation
could induce apoptosis of JF305 cells, but the apoptosis
rate was not very high.
The mortality of pancreatic carcinoma is still high in
the world, and its treatment is still difficult[21]. Our study
has laid some theoretical basis for further study on pancreatic carcinoma gene-radiotherapy.
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Abstract
AIM: To accurately assess the prevalence of GERD
symptoms in general practice.
METHODS: 4139 consecutive patients (2025 men and
2114 women with a mean age of 43 years), who first
attended the Outpatient Department of General Medicine
and Emergency Care at Toho University Omori Hospital,
were asked to respond to the F-scale questionnaire
regardless of their chief complaints. The questionnaire is
a self-report instrument, written in a simple and easy-tounderstand language, containing 12 questions.
RESULTS: Of 4139 subjects, 1554 patients (37.6%)
were identified as GERD according to their F-scale score
(> 7). However, there were only 45 consultations (1.1%)
for typical GERD symptoms. Although GERD symptoms
are common in adults of all ages, the prevalence of
GERD was highest in the 20-29 years age group and the
age group 70-79 years had the lowest prevalence for
both males and females.
CONCLUSION: Although there was a high rate indicating
GERD in our primary care population, only 1.1% of
outpatients attended our hospital with a chief complaint of
GERD symptoms. Since about one-third of GERD patients
are affected by atypical symptoms, general physicians
need to be cautious about extrapolating these results to
patients with a chief complaint other than typical GERD
symptoms.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Symptoms of gastro-esophageal reflux disease (GERD)
are common, affecting 10%-30% of the population
in Western countries [1] . Recently, the prevalence of
GERD is also increasing in the Japanese population
with a high prevalence of atrophic gastritis[2]. Although
GERD symptoms are common in adults of all ages, the
prevalence of reflux esophagitis is increasing with age,
when evaluated endoscopically[3]. However, limitations
in the available diagnostic tests and a bias in subjects
tested may result in a lower prevalence of GERD.
Since the symptoms are accompanied by endoscopic
esophagitis in up to 50% of individuals with GERD[4,5],
and endoscopy is routinely used in patients with
dyspeptic symptoms in Japan, it has been difficult to
diagnose GERD accurately by endoscopy. Furthermore,
accurate quantitative estimates of the prevalence of
GERD are difficult to obtain because GERD symptoms
var y, and there has been no gold standard for the
diagnosis of GERD[6,7].
Recently, a simple questionnaire (F-scale) to score
GERD symptoms has been developed in Japan[8]. Results
using the F-scale have been shown to correlate with
endoscopic findings. Diagnosis on the basis of history is
simple and noninvasive and it has been favored in general
practice. The aim of this study was to accurately assess the
prevalence of GERD symptoms in general practice.

MATERIALS AND METHODS
Patients
Between August 2005 and April 2006, 4139 consecutive
patients (2025 men and 2114 women with a mean age of
43 years), who first attended the Outpatient Department
of General Medicine and Emergency Care at Toho
University Omori Hospital, were enrolled in the present
study regardless of their chief complaint. Informed consent
was obtained from all patients. The study was carried out
in accordance with the Declaration of Helsinki, and was
approved by the ethical committee at Toho University.
www.wjgnet.com
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Figure 1 The proportion of GERD symptoms when a cutoff point for diagnosing
GERD is more than 7-points, 9-points and 19-points.
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Figure 3 Proportion of patients with a score of zero points among GERD-negative
subjects. bP < 0.01 vs 60-69 and 70-79 aged group; cP < 0.05 vs 60-69 and 70-79
aged group.
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Figure 2 The prevalence of GERD symptoms in different age groups. aP < 0.05 vs
70-79 aged group; cP < 0.02 vs 70-79 aged group.

The questionnaire
All of the patients who first attend our hospital were
asked to respond to the F-scale questionnaire regardless
of their chief complaints. The questionnaire is a selfrepor t instr ument, written in simple and easy-tounderstand language, containing 12 questions. As reported
previously by Kusano et al [8], the following definitions
were used to identify symptoms in the F-scale: (1) Do you
get heartburn; (2) Does your stomach feel bloated?; (3)
Does your stomach ever feel heavy after meals?; (4) Do
you sometimes subconsciously rub your chest with your
hand?; (5) Do you ever feel sick after meals?; (6) Do you
get heartburn after meals?; (7) Do you have an unusual
sensation in your throat?; (8) Do you feel full while eating
meals?; (9) Do some things get stuck when you swallow?;
(10) Do you get bitter liquid coming up into your throat?”;
(11) Do you burp a lot?; and (12) Do you get heartburn if
you bend over? Symptom frequency was measured on the
following scale: never = 0; occasionally = 1; sometimes = 2;
often = 3; and always = 4.
If the patient scores more than 7 points, GERD is
considered to be present.
Statistical analysis
All values are expressed as means ± SD. Comparisons
of groups were made using Student’s t test or χ2 tests as
appropriate. A P value of < 0.05 was accepted as indicating
statistical significance.

RESULTS
Among 4139 subjects, a total of 1554 patients (37.5%)
were identified as having GERD according to their
www.wjgnet.com

F-scale score (> 7) (Figure 1). However, there were only
45 consultations (1.1%) for typical GERD symptoms,
including heartburn and regurgitation. The scores among
the population were distributed as follows: 635 (15.3%)
subjects scored zero, 959 (23.2%) subjects scored 1 to 3,
576 (13.9%) subjects scored 4 to 5, 415 (10.0%) subjects
scored 6 to 7, 395 (9.5%) subjects scored 8 to 9, 348 (8.4%)
subjects scored 10 to 12, 274 (6.6%) subjects scored 13 to
15, 238 (5.8%) subjects scored 16 to 19, and 299 (7.2%)
subjects scored more than 20. As shown in Figure 1, when
the cutoff point for diagnosing GERD was increased to
9-points or 19-points, the prevalence of GERD symptoms
was 28.0% (1159/4139) and 7.2% (299/4139), respectively.
The positive rate for GERD was 705 of 2025 men
(35%) and 849 of 2114 women (40%). Unexpectedly, the
prevalence of GERD was highest in the 20-29 years age
group, followed by the 30-39 years age group and the
40-49 years age group. The age group 70-79 years had the
lowest prevalence for both males and females (Figure 2).
The prevalence was higher in females than in males in all
age groups. The significant differences in the prevalence
of GERD were found between those aged 20 to 59 years
and those over the age of 70 years in females (Chi-Square
test, P < 0.02). The prevalence of GERD was significantly
different between those aged 20 to 59 years and those over
the age of 70 in males (Chi-Square test, P < 0.05).
Among the 2585 GERD-negative patients, those
with points 1 to 3 were the most prevalent (959 persons,
37.1%). The proportion of patients with a score of
zero points was 24.6% (635/2585) and this proportion
increased with age in females, whereas in males the
proportion was the lowest for the 40-49 years age group
and the proportion increased with age in the older groups
(Figure 3). Significant differences were found between
the 60-69 years and 70-79 years age groups and the 15-19
years, 20-29 years, 30-39 years, and 40-49 years age groups
in males (chi-square test, P < 0.01), and between the 20-29
years age group and the 60-69 years and 70-79 years age
groups in females (Chi-Square test, P < 0.05).
As shown in Figure 4, there was no significant
difference in the proportion of patients with a score of
more than 9 points among GERD-positive patients for
each age group. This suggests that the age distribution
of GERD is unchanged if a cutoff point for diagnosing
GERD is increased to 10 points. Patients with a high score
of more than 19 points were found more frequently in the
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Figure 4 Proportion of patients with a score of more than 9 points among GERDpositive patients.

15-19 years age group than other groups for both males
and females (Figure 5). Significant differences were found
between the 15-19 years age group and the 20-29 years,
30-39 years, 40-49 years, and 50-59 years age groups for
males, and between the 15-19 years age group and the 40-49
years, 50-59 years, and 60-69 years age groups in females.

DISCUSSION
GERD refers to the abnormal exposure of esophageal
mucosa to gastric contents. Although GERD symptoms
affect 10%-30% of the population in Western countries[1],
endoscopic esophagitis is less prevalent, and is reported
to occur in up to 2% of individuals[9,10]. Only one-third of
GERD patients have endoscopic positive findings, while
others have no obvious mucosal breaks, even though
GERD symptoms are present[11]. Furthermore, up to 50%
of endoscopically diagnosed cases of reflux esophagitis
present with symptoms other than heartburn or acid
regurgitation [12] . Thus, accurate diagnosis of GERD
is difficult with currently accepted criteria including
symptoms of heartburn and/or acid regurgitation.
Recently, it has been reported that the prevalence of
endoscopic esophagitis is increasing in Japan[2,13], with most
patients diagnosed as having mild esophagitis, classified
into grade A and B in the Los Angeles Classification[2]
system. In addition, since the majority of Japanese GERD
patients present with mild symptoms[14], most of them may
not seek consultation with a gastroenterologist. Nandurkar
et al[15] reported that only about half of the patients with
GERD symptoms in a community seek health care over
a 10-year period and only 19% of them had endoscopy.
Isolauri et al[16] showed that medication was used by only
16% of subjects with symptoms in Norway. Based on
these previous reports, it is difficult to evaluate a genuine
prevalence of GERD in the Japanese population when
the study is conducted in the gastroenterology unit of the
hospital. Therefore, the present study was carried out in
the General Medicine unit to accurately estimate prevalence
of GERD symptoms in the Japanese population.
A total of 1554 patients (37.5%) with GERD were
identified in the present study. Several population-based
surveys have reported typical GERD symptoms, including
heartburn and acid regurgitation, occurring at least yearly to
range from 26% to 60%[17-20]. These results are concordant
with our findings, although GERD symptoms in the
general population are less common in the East compared
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Figure 5 Proportion of patients with a score of more than 19 points among GERDpositive patients. aP < 0.02 vs 15-19 aged group; cP < 0.05 vs 15-19 aged group.

to the West [21,22]. Since H pylori infection may result in
hypochlorhydria, as seen in individuals with atrophic
gastritis, H pylori-infected patients seem to be at lower risk
of developing GERD[23], as is generally observed in Japan
where there is a high prevalence of H pylori infection.
Several reports showed an increasing trend of GERD in
Asian countries in recent years[21,22,24]. Although it has been
thought that low acid secretion would be associated with
a lower prevalence of GERD in the Far East, Kinoshita
et al[25] demonstrated that gastric acid secretion in Japan is
rising in both H pylori-positive and -negative individuals.
Actually, decreasing prevalence of H pylori was observed in
many countries[26-28] as well as in Japan[29].
A decreasing prevalence of H pylori infection, which
is positively correlated with age, may influence the age
distribution of GERD. Contrary to previous reports[20,30,31],
in our study the prevalence of GERD was highest in the
20-29 years age group and decreased with age. Fujiwara
et al also reported similar findings that the prevalence
of GERD symptoms was relatively higher in the 40-49
years age group and lower in the > 60 years age group[30].
However, as reported by Wong et al[31], age and male sex
are considered to be risk factors for heartburn and acid
regurgitation even in Asia. There have been a few reports
that the prevalence of endoscopic esophagitis or GERD
symptoms among men reached a peak when they were in
their 20 s. It has been reported in Singapore[21], China[22],
Argentina[32], Japan[30], USA[33], and Germany[34] that middle
age subjects have GERD symptoms most frequently.
For endoscopically proven erosive esophagitis,
Shimazu et al[35] demonstrated that its prevalence was more
frequent in older individuals, whereas Mishima et al [24]
showed that there were no significant differences in age
between subjects with and without erosive esophagitis.
For women, the prevalence of GERD increased with
age and was higher than in males in the elderly[2]. This
variability of prevalence of GERD symptoms may be
explained by a heterogeneous symptom pattern. The
result of questionnaires in the same patient by different
physicians may lead to different conclusions[36]. Therefore,
the F-scale was self-assessed by patients in the present
study. Second, the lower prevalence may be due to the
ter m ‘heartburn’ being poorly understood by older
patients. The proportion of patients with a score of zero
points was 24.6% (637/2593) and increased with age in
www.wjgnet.com
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both males (Figure 2) and females (Figure 3) in our study.
Among white American subjects, only 35% understood
the meaning of heartburn, and the figure dropped to 13%
for Asians living in the USA[37], although heartburn and
acid regurgitation are known to be specific for GERD.
Mishima et al [24] showed that only 51 of 195 patients
with endoscopically proven esophagitis had GERD
symptoms. This difference may be due to the vague term
'heartburn'. In addition, when the symptoms do not reach
the threshold required to define ‘disease’, the patient may
not report having heartburn. Such patients might not
seek consultation with a gastroenterologist. Finally, severe
esophagitis is less common in Japan[14]. Although medical
attention to GERD has increased, it has not been easy
for endoscopists to detect small mucosal breaks in the
distal esophagus by endoscopy. Futhermore, a limitation
of the endoscopic survey is that endoscopic reporting is
performed by various personnel, leading to some degree
of inter-observer variation with endoscopic diagnoses.
Studies that examined the influence of gender on the
prevalence of GERD symptoms have found either no
differences [19,22,38], female predominance [15,39,40] or male
predominance[21,41]. The positive rate for GERD was 705
of 2025 men (35%) and 849 of 2114 women (40%), and
the prevalence was higher in females than in males at all
age groups in the present study. Although it has been wellknown that a possible reason for high prevalence in elderly
women is thought to be lumbar kyphosis, a similar age
distribution of GERD symptoms in males and females
may be due to environmental changes, including decreased
prevalence of H pylori infection and atrophic gastritis, or
the Westernization of dietary and lifestyle habits.
An epidemiological study on GERD could be considered
accurate only when the whole study population undergoes
invasive procedures. However, this would dramatically
reduce the number of participants and prejudice the
response rate of the study. The F-scale, therefore, seems to
be the most appropriate test for general practice patients in
the management of GERD because there is no requirement
of endoscopy. About 4% of the population consults a
general practitioner each year because of dyspepsia [42],
whereas GERD symptoms are more common in 10%-20%
of the population reporting heartburn on a weekly basis in
community studies[19,38]. Although increasing attention has
been paid recently to the epidemiology of GERD, the lack
of a standard definition and of a diagnostic gold standard
may make interpretation of data more complex. In the
present study, the prevalence of GERD symptoms was
37.5%, higher than previous reports in which GERD was
diagnosed by the presence of single specific symptoms, such
as heartburn or regurgitation. This suggests that diagnosis
by key items is not sufficient to determine a person’s level
of GERD and that a multidimensional approach, which
covers all symptom aspects, is needed. The F-scale includes
two types of symptoms: one is possibly caused by gastroesophageal reflux (#1, 4, 6, 7, 10, 12); and the other is due
to dysmotility of the upper gastrointestinal tract (#2, 3, 5, 8,
9, 11). The F-scale, therefore, is thought to result in a higher
prevalence of GERD.
Despite the high prevalence of GERD, most GERD
is self managed, and not presented to doctors. Won et al[43]
www.wjgnet.com
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reported that 24% of GERD patients had no GERD
symptoms one year after a survey and that the disappearance
rate of GERD was numerically greater than the onset rate.
Agreus et al[44] showed that more than half of the individuals
in their study had changed their main symptom profile to
either dyspepsia, irritable bowel syndrome, unspecified
symptoms or were symptom-free 1-year after the first
survey, although the prevalence of GERD was stable for
7 years. Actually, only 1.1% of 4139 outpatients attended
our hospital with a chief complaint of GERD symptoms,
despite 1554 being diagnosed as GERD by the F-scale.
This indicates that most GERD symptoms do not reach
the threshold required to define ‘disease’. Such patients may
not seek consultation with a doctor although the result of
the questionnaire is positive. Since general practice registers
offer the best means of sampling the general population[44],
the GERD prevalence of 37.5% obtained in the present
study is considered to be accurate for Japan. Furthermore,
GERD symptoms are less important as the determinants
of consultation in primary care than other symptoms. This
is probably due to a high proportion of mild esophagitis in
Japanese GERD patients.
In conclusion, GERD symptoms were highly prevalent
in our primary care population. However, only 1.1% of
outpatients attended our hospital with a chief complaint
of GERD symptoms. Although GERD symptoms are
common in adults of all ages, the prevalence of GERD
was highest in the 20-29 years age group and the group
aged 70-79 years had the lowest prevalence in both male
and female groups. GERD is associated with organic
esophageal findings, such as esophagitis and Barrett’
s esophagus, but these are also present in asymptomatic
individuals[4,45]. Since up to one-third of GERD patients
are affected by atypical symptoms[5], general physicians
need to be cautious in extrapolating these results to
patients with a chief complaint other than typical GERD
symptoms, such as heartburn and regurgitation.
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Abstract
AIM: To find correlates to spontaneous clearance of

hepatitis C virus (HCV) infection, this study compared
individuals with self-limited and chronic infection with
regard to clinical, demographic, and serological parameters.
METHODS: Sixty-seven anti-HCV positive and repeatedly
HCV RNA negative individuals were considered to have
resolved HCV infection spontaneously. To determine the
viral genotype these patients had been infected with
HCV serotyping was performed. For comparison reasons,
62 consecutive patients with chronic hepatitis C were
enrolled. Cases and controls were compared stratified for
age and sex.
RESULTS: Retrospective analysis showed (1) a lower
humoral reactivity to HCV in patients with self-limited
compared to chronic HCV-infection and (2) that younger
age, history of iv drug use, and acute/post-acute
hepatitis A or B co-infections, but not viral genotypes,
are independent correlates for spontaneous HCV
clearance.
CONCLUSION: The stronger humoral reactivity to
HCV in patients with persistent infections and in those
with a history of iv drug use is supposed to be due
to continuous or repeated contact(s) to the antigen.
Metachronous hepatitis A or hepatitis B infections might
favor HCV clearance.
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INTRODUCTION
Hepatitis C virus (HCV) infection represents a serious
threat for the public health worldwide. The natural course
of HCV infection is highly variable and ranges clinically
from asymptomatic to fulminate, and with regard to the
infection status from silent to self-limited to viremia[1,2].
The course of infection is certainly influenced by viral,
host, or environmental parameters, or by a combination of
these[1,2]. Acute hepatitis C is heralded by detectable HCV
RNA in serum, usually followed by an antibody response
directed against various structural and non-structural viral proteins[3,4]. Chronic HCV infection is marked by viral
persistence for at least six months despite the presence
of a humoral immune response. The antibodies produced
either appear not to be able to neutralize the virus[5] or, as
suggested, they appear delayed at a time when the humoral
response is considered to be dysfunctional[6].
Recovery from HCV infection is defined by the presence of HCV-specific antibodies in the absence of detectable HCV RNA[7,8]. Initially, self-limited infections were
assumed to be rare, if occurring at all[9,10]. More definite
calculations revealed an overall chronic rate averaging
80% and implying a rate of self-limited infections of
around 20% [3,11] . Recent studies report even higher
rates of at least 50% spontaneous clearance of HCV
in various populations [11]. Since some reports indicate
that humoral immunity might be progressively lost in
patients who had recovered from HCV infection spontaneously [8,12], self-limited virus elimination might have
been underestimated.

Wietzke-Braun P� et al . Self-limited HCV infection

To find correlates to spontaneous viral clearance, this
study compares a group of 67 HCV-infected individuals who overcame infection spontaneously to a group of
62 chronic HCV-infected patients with regard to demographic, clinical, and serological findings, retrospectively.
The diagnosis of an HCV infection that had been resolved
by the host spontaneously (presence of HCV antibodies)
was ascertained by a second, independent assay which detects antibodies to four viral HCV proteins. By applying
this assay, the humoral reactivity to HCV was found to be
lower in individuals with self-limited than in individuals
with chronic HCV infection. Further findings showed that
the ability to clear HCV spontaneously was independently
associated with younger age, history of iv drug use, and
acute/post-acute hepatitis A virus (HAV) or hepatitis B virus (HBV) co-infections at time of diagnosis of HCV, but
not with HCV genotypes.

MATERIALS AND METHODS
Study population
From 1992 to 2000, a total of 67 patients who were positive for anti-HCV antibodies, but who repeatedly lacked
detectable levels of HCV RNA, visited the out-patient liver
department. These patients were regarded to as those with
a self-limited HCV infection. To ascertain the diagnosis of
a former HCV infection, the presence of anti-HCV antibodies was tested by a second, independent immunoassay
(see below). For comparison reasons, a randomly selected
group of 62 chronic HCV-infected patients of the same
period were enrolled. Chronic infection was proven by the
presence of HCV antibodies and serum HCV RNA over a
period of at least six months. Liver disease was confirmed
histopathologically. None of the patients were previously
treated with an antiviral therapy. All patients had an antihuman immunodeficiency virus antibody seronegative status. The study was approved by the local ethical committee
and conformed to the ethical guidelines of the 2000 Declaration of Helsinki, and informed consent was obtained
from each patient.
Detection of anti-HCV antibodies
All sera were screened for the presence of anti-HCV antibodies using a third-generation microparticle enzyme immunoassay (HCV version 3.0 Axsym, Abbott Laboratories,
Chicago, IL, USA). For confirmation reasons, a second
assay was applied which also discriminates between different antibody specificities (CHIRON RIBA HCV 3.0 SIA,
Ortho Diagnostic Systems Inc., Raritan NJ, USA). This enzyme immunoblot assay, in brief, utilizes the recombinant
HCV encoded antigens c33c and NS5 derived from the
NS3 and NS5 region of the virus and three synthetic peptides, c100p, 5-1-1p, and c22p, corresponding to the NS4
and the core encoding regions, respectively. The test is regarded positive when reactivity to at least two antigens is
obtained, or indeterminate, if the sample shows reactivity
to one antigen only. Above that, antibody reactivity can
be scored by comparing the intensity of each HCV band
to the intensity of two internal control bands on a scale
from 0 to 4.
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Detection of HCV RNA and determination of HCV genoand serotypes
Serum RNA was isolated using the QIAamp Viral RNA
Mini Kit (Qiagen, Hilden, Germany). One third of the final eluate was reverse transcribed and subjected to a highly
sensitive nested PCR protocol as described[13]. In HCV
RNA positive sera, virus genotyping was performed by using the Innolipa HCV Ⅱ line probe assay (Innogenetics,
Ghent, Belgium). Sera from patients with non-detectable
HCV RNA, were tested for type-specific antibodies to
HCV genotypes 1, 2, 3, 4, 5, and 6 by using the MUREX
HCV Serotyping 1-6 Assay (Abbott, Wiesbaden, Germany)[14,15].
Serologic testing for HAV, HBV, Epstein-Barr virus (EBV),
and cytomegalovirus (CMV) infections
Antibodies directed against HAV (IgM and IgG) were
tested using the Anti-HAV assay (Roche Diagnostics
GmbH, Mannheim, Germany) performed on Elecsys ®
2010/Modular Analytics E170. Serologic testing for HBV
infection status was carried out on the Axsym®system (Abbott. Laboratories, Chicago, IL, USA) by determining antiHBs (AUSAB®), anti-HBe (Anti-Hbe 2.0), HBeAg (HBE
2.0), anti-HBc (CORE), anti-HBcIgM (CORE-M), and
HBsAg (HbsAg V2). HBV-specific DNA was detected as
described[16]. Previous or recent contacts to EBV or CMV
were assessed using commercially available test kits.
Statistical analysis
To prevent bias data were stratified by age (≤ 42 years; >
42 years) and sex. Comparing cases and controls, MantelHaenszel tests were performed for qualitative data, and linear models were applied to quantitative data. If necessary,
log-transformations were performed to achieve normal
distributed values; means and limits of confidence intervals are presented re-transformed.
To overcome the problem of multiple testing in sets of
correlated parameters belonging to the same topic (e.g. alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and γ-glutamyltranspeptidase (γ-GT)), permutation
tests were performed by randomly allocating study participants as cases or controls. The empirical quantile q of
numbers of permutations with the same or more significant statistical test (test statistics exceeding the observed
values) was regarded as estimator. The upper 95% confidence limit of q, assuming a binomial distribution, was
used as a conservative overall P-value.
Exact conditional logistic regressions were performed
on the result of serological tests for both approaches to
estimate the impact of HAV/HBV co-infections and the
history of iv drug use on the outcome of infection.
The local level of significance was set to a screening
level of α = 0.05. All calculations were performed with
SAS 9.2.

RESULTS
Sera from patients, who were tested positive for anti-HCV
antibodies by a third-generation microparticle enzyme immunoassay, were subjected to an independent immunoassay. This assay allows the detection of antibodies to four
different HCV proteins and a semi-quantitative estimate
www.wjgnet.com
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Table 1 Frequency of reactivity to HCV proteins in individuals
with self-limited and chronic HCV infection

Antibody to

Self-limited
HCV infection
(n = 55)

Chronic
HCV infection
(n =58)

Qualitative reactivity (npos/nneg)
Quantitative reactivity( mean ± SD)
491/2
8.79 ± 5.04
C22p (core)
46/9
2.80 ± 1.58
C33c (NS3)
50/5
2.74 ± 1.47
C100p + 5-1-1p (NS4)
42/13
2.09 ± 1.62
NS5 (NS5)
20/35
1.11 ± 1.63
Overall

56/2
13.07 ± 4.14
56/2
3.74 ± 0.92
56/2
3.67 ± 0.95
53/5
3.31 ± 1.29
43/15
2.35 ± 1.76

Level of
significance

P = 0.2073
P < 0.0001
P = 0.0737
P = 0.0003
P = 0.4142
P = 0.0002
P = 0.0681
P < 0.0001
P = 0.0002
P = 0.0002

All tests were stratified for sex and age; 1 4 patients classified as
indeterminate.

of their reactivity (scored from 0 to 4). Analysis was performed with 55 or 58 patients with self-limited or chronic
HCV infections, respectively. Analysis revealed reactivity
or an indeterminate result in 53 of 55 patients (96.4%)
with self-limited infection and in 56 of 58 patients (96.6%)
with chronic hepatitis C. Thus, the overall qualitative assay
reactivity (test regarded as positive or negative) was comparably high for both groups (P = 0.2073). The number
of antigens patients’ sera were reactive to, however, were
lower in patients who had overcome infection than in patients with chronic hepatitis C (e.g. 29% of patients with a
self-limited infection showed 4 positive tests compared to
74% of chronic hepatitis C patients, P = 0.0001, data not
shown). Moreover, the overall quantitative assay reactivity,
given as the sum of reactivity scores, is significantly different between the groups (P < 0.0001). Patients with chronic
hepatitis C reached a mean score of 13.07, being close to
the maximum of 16, whereas patients with self-limited
HCV infection showed a mean score of 8.79 (Table 1).
This decreased reactivity in patients with self-limited compared to those with chronic infection was seen for each
of the four antigens. Since the demographic comparison
revealed that individuals with a self-limited HCV infection were significantly younger than those with a chronic
infection at the time of diagnosis, and the proportion of
males is, although not reaching statistical significance (P =
0.1197), higher (Table 2), these results were obtained after
stratification for age and sex.
Further analyses, which were also adjusted for age and
sex, revealed significant lower levels of serum ALT, AST,
and γ-GT activity in patients who overcame infection than
those with a chronic infection. The source of infection
was also found to be significantly different between both
groups (P = 0.0089). The majority of individuals with a
self-limited HCV infection had a history of iv drug use
(79%), whereas the most frequent source of known modes
of infection among chronic hepatitis C patients was the
administration of blood transfusions, blood products, or
dialysis (47%). Moreover, both groups differ in the status
of HAV and/or HBV infections (P < 0.0001). This is primarily due to the fact that the group with self-limited HCV
www.wjgnet.com

August 21, 2007

Volume 13

Number 31

infection does, in contrast to the group with chronic infection, contain a considerable number of patients with acute
or post-acute HAV or HBV infections (33% vs 0%). Both
groups had a similar incidence of EBV or CMV infections.
With respect to viral genotype patients have or had
been infected with, HCV RNA positive sera from persistently infected individuals were tested for viral genotypes
directly using a sequence-based technique, whereas HCV
RNA negative sera from individuals who overcame the
infection were tested for type-specific antibodies to HCV
(Table 2). By comparing both groups, we found no significant difference in HCV genotype distribution (P = 0.2283).
Nevertheless, the number of HCV type 3 infected patients
was slightly higher in those with self-limited compared to
those with persistent infections (29% vs 12%).
By applying a regression model, an overall lower reactivity against HCV antigens in patients with self-limited infection was confirmed (P = 0.0012). By considering HCV
type 1 infected individuals separately, those with a history
of iv drug use were found to show higher reactivity to
HCV antigens than those without. This finding is valid,
both for patients with self-limited and persistent infections
(Figure 1). Quantitative reactivity appears not to be affected by the outcome or the source of infection in patients
with HCV types 2 or 3 (P = 0.9512).

DISCUSSION
This retrospective study identified 67 individuals over a
period of eight years who tested positive for anti-HCV
antibodies, but who repeatedly lacked detectable levels
of HCV RNA. These patients were considered as those
with a previous HCV infection who had spontaneously
eradicated the virus. To our knowledge, this series represents the largest single-center cohort of patients with selflimited HCV infection.
Our study revealed a lower humoral immunity against
HCV in patients with self-limited infections compared to
those with persistent infections (Table 1 and Figure 1).
This finding, which is in line with an observation by others[17], might reflect the fact that the humoral response,
such as cellular responses, declines in magnitude over time
because of the absence of the pathogen[18]. This could
explain that two of our patients with self-limited HCV
infection showed no reactivity when tested against four
individual HCV encoded proteins in a recombinant immunoblot assay. Support for this notion is also provided by a
direct comparison of humoral and cellular responses that
was possible in a cohort of women who were accidentally
exposed to HCV[8]. Besides a decline of both humoral and
cellular responses, this study revealed cellular responses to
be detectable over a longer period than humoral responses.
By comparing both groups to each other, differences
in clinical and demographic parameters as serum activities
of liver-specific enzymes, age, sex, the source of infection,
and the status of HAV/HBV co-infections also became
evident (Table 2). HAV/HBV co-infections have been
recently described as a correlate of spontaneous HCV
clearance among people with hemophilia[19]. Since HBV
and HCV have the same transmission routes, co-infections
due to a simultaneous or a superinfection may occur and
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Table 2 Demographic, clinical, and virological characteristics of patients with self-limited and chronic HCV infection

Sex (M/F)
Age (mean ± SD)

M
F

ALT (U/L)1
Over normal
AST (U/L)2
Over normal
3
γ-GT (U/L)
Over normal
Source of infection (count)
iv drug use
Blood transfusion/dialysis
Others
Unknown
HAV/HBV infections (count)
None of both
Previous HAV or HBV infection
At least one acute/post-acute infection8
Vaccination
Unknown
EBV infection (count)
Previous
None
Unknown
CMV infection (count)
Previous
Nnone
Unknown
HCV genotype (1a-1b11both/2b/3a12/other)
HCV serotype (1/2/3/other)

Self-limited HCV infection (n = 67)

Chronic HCV infection (n = 62)

50/17
(75%/25%)
38 ± 9.6
38 ± 10.5
15.2 (11.9-19.5)
22 (33%)
11.8 ( 9.9-14.1)
15 (22%)
15.5 (11.7-20.5)
19 (28%)

36/26
(58%/42%)
48 ± 12.4
51 ± 10.7
46.7 (45.6-47.9)
52 (84%)
28.7 (24.0-34.3)
43 (69%)
24.8 (18.7-32.9)
32 (52%)

44 (79%)4
6 (11%)
6 (11%)
11 (-)

14 (41%)
16 (47%)
4 (12%)
28 (-)

21 (34%)
20 (33%)5
20 (33%)9
6 (-)
-

19 (31%)
42 (69%)6
1 (–)
-

39 (95%)10
2 (5%)
26 (-)

21 (100%)
41 (-)

26 (76%)
8 (24%)
33 (-)

16 (84%)
3 (16%)
43 (-)
11-35-2/3/6/1
83%/5%/10%/2%

Level of significance
P = 0.1197
P < 0.000113
P < 0.000114
P < 0.000114
P = 0.022814

P = 0.008914

P < 0.00017,14

P = 0.429214

P = 0.360514

P = 0.228314

21/1/7/2
67%/3%/23%/6%

1

Upper normal limit is 23 U/L for males, and 19 U/L for females; 2Upper normal limit is 19 U/L for males, and 15 U/L for females; 3Upper normal limit is 28
U/L for males, and 18 U/L for females; 4The amount was larger in men younger than 42 yr (93%) than in the older (57%); 5Previous HAV (n = 5), previous/
chronic HBV (n = 6/n = 5), previous HAV and HBV (n = 4); 6Previous HAV (n = 17), previous HBV (n = 10), previous HAV and HBV (n = 13), previous HAV
and chronic HBV (n = 2); 7Comparison of self-limited and persistent infection regarding the number of none versus previous HAV/HBV infections revealed a
lack of significance (P = 0.1892); 8Diagnosis of acute infections with HAV or HBV: presence of IgM antibodies; diagnosis of post-acute infections with HAV or
HBV: decreasing transaminase activities, increasing anti-HBcIgG or anti-HAV-IgG antibodies, decreasing anti-HBcIgM or anti-HAV-IgM antibodies; 918/20
patients (90%) had a history of iv drug use; 103/39 patients with acute EBV infection; 11HCV genotype 1b was found in 70% older than 42 yr, but only in 33% of
the younger patients (P = 0.0089); 12HCV genotype 3 was more frequent in individuals with a history of iv drug use than in non-drug users (23% vs 8%, P = 0.5787);
13
Stratified for sex; 14Adjusted for age and sex, retransformed from ln-transformation.

even persist in the same patient. De Mitri et al found that
HBV can suppress HCV replication in half of the patients
co-infected with HBV and HCV [20]. The sequence of
infections has been regarded to be important in the clinical course. Unfortunately, we do not know whether HCV
infection was cleared during the acute episode of HAV
or HBV infection or whether it might have been already
cleared before. However, from a study by Sagnelli et al, it is
known that patients having been simultaneously infected
with both HBV and HCV recovered from HBV infection,
but progressed to HCV-related chronic hepatitis, as happens in most cases with single HBV or HCV infection[21].
Superinfection of chronic hepatitis C patients with HBV,
on the other hand, led to a recovery from HCV infection
in half of the patients[21]. Moreover, simultaneous clearance
of preexisting persistent HCV infection during an acute
HBV superinfection has been described for some cases
by us and others[22-24]. In fact, 26% of our individuals with
self-limited HCV infection had acute or postacute HBV

co-infection at time of HCV diagnosis was made compared to none of the chronic HCV-infected group. Thus,
our data support the hypothesis that acute HBV infection
in HCV chronic carriers might lead to an eradication of
the HCV infection. Superinfection of chronic hepatitis B
patients with HCV, on the other hand, has been reported
to be clinically severe and long-term prognosis to be worse
in terms of the development of liver cirrhosis and hepatocellular carcinoma[25,26]. Four individuals with a selflimited HCV infection presented with acute or postacute
HAV superinfection at time of HCV diagnosis was made.
HAV was self-limited and the clinical course benign in accordance with Sagnelli et al[27], although conflicting results
are known from the literature (reviewed in[28]). Our finding
is also in line with a recent study from Germany showing
an association of HAV superinfection and decreased HCV
replication which was suggested to lead to recovery from
HCV in some individuals[29].
In accordance with previous epidemiological studies on
www.wjgnet.com
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Abstract
AIM: To study the effect of the toxic secondary bile acid
lithocholic acid (LCA) on the expression of fibroblast
growth factor 19 (FGF19) in intestinal cells and to
characterize the pregnane-X-receptor (PXR) response of
the FGF19 promoter region.
METHODS: T h e i n t e s t i n a l c e l l l i n e L S 1 7 4 T wa s
stimulated with various concentrations of chenodeoxycholic acid and lithocholic acid for several time points.
FGF19 mRNA levels were determined with quantitative
realtime RT-PCR. FGF19 deletion promoter constructs
were generated and the LCA response was analzyed
in reporter assays. Co-transfections with PXR and RXR
were carried out to study FGF19 regulation by these
factors.
RESULTS: LCA and CDCA strongly up-regulate FGF19
mRNA expression in LS174T cells in a time and dose
dependent manner. Using reporter gene assays with
several deletion constructs we found that the LCA
responsive element in the human FGF19 promoter maps
to the proximal regulatory region containing two�������
potential binding sites for PXR. Overexpression of PXR and
its dimerization partner retinoid X receptor (RXR) and
stimulation with LCA or the potent PXR ligand rifampicin
leads to a significant induction of FGF19 promoter activity in intestinal cells.
CONCLUSION: LCA induced feedback inhibition of bile
acid synthesis in the liver is likely to be regulated by PXR
inducing intestinal FGF19 expression.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Bile acid metabolism is primarily regulated by feed back
regulation where high levels of bile acids inhibit biosynthesis in the liver via the function of the ligand-activated
nuclear receptor farnesoid X receptor (FXR) [1-3]. FXR
activation in hepatocytes increases the expression of the
nuclear receptor small heterodimer partner (SHP), which
associates with liver receptor homolog 1 (LRH1) to block
transcription from the CYP7A1 promoter[4,5]. The CYP7A1 gene encodes cholesterol 7α-hydroxylase, the ratelimiting enzyme in bile acid synthesis.
A second regulatory loop of bile acid homeostasis is a
feed forward regulation, where potentially toxic bile acid
precursors and secondary bile acids activate PXR and consecutively force their own metabolism, detoxification and
excretion[6,7]. Likewise, the sterol metabolites 5β-Cholestan3 α , 7 α , 12 α -triol and 7 α -hydroxy-4-cholesten-3-one,
which accumulate in CYP27 deficient livers, and lithocholic acid are direct agonistic ligands for human and murine
PXR and thereby induce expression of phase 1 and phase
2 metabolic enzymes as well as sterol transporters[4].
Whereas the molecular mechanisms of FXR and PXR
regulated bile acid metabolism in the liver are well characterized, the functions and target genes of both nuclear
receptors in the intestine are poorly understood. However,
recent evidence suggests that both receptors and their bile
acid ligands fulfill an important homeostatic function in
the gut. Inagaki et al could show in a mouse model that antibacterial defense in the small intestine requires the presence of FXR[8]. Moreover, data from our group[9] and recent reports from other laboratories[10,11] demonstrated that
loss of PXR expression as well as dysfunction is associated
with human and rodent inflammatory bowel disease (IBD).
PXR regulated genes may therefore be novel candidates as
genetic susceptibility markers for IBD[12,13].
Fibroblast growth factor 19 (FGF19), the human ortholog of the murine Fgf15 gene has been recently identified as a FXR target gene in the liver[14] and most importantly in the intestine[15,16]. Gut secreted FGF19 binds to
FGF receptor 4 (FGFR4) on hepatocytes initiating a c-jun
N-terminal kinase (JNK) signaling pathway, causing an
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inhibition of CYP7A1 and thereby hepatic bile acid synthesis. Moreover, FGF19 seems to be an important factor
in the postprandial feedback loop to stimulate gallbladder
filling[17], indicating that investigating the transcriptional
regulation of FGF19 is of major importance for a better
understanding of bile acid metabolism and enterohepatic
signaling.
In this paper we followed our hypothesis that FGF19
could also be a novel target gene of PXR and that the
toxic secondary bile acid LCA might upregulate FGF19
expression in intestinal cells as an enterohepatic feedback
mechanism to limit the supply of LCA precursors.

MATERIALS AND METHODS
Cell culture and bile acid stimulation experiments
The human adenocarcinoma cell line LS174T (ATCC,
Manassas, USA) was used for bile acid stimulation experiments. Cells were grown in Dulbecco’s Modified Eagle
medium supplemented with 10% heat-inactivated fetal calf
serum, 2 mmol/L glutamine, and 1% (wt/vol) penicillin/
streptomycin (Gibco BRL, Gaithersburg, USA). Cultures
were maintained at 37℃ in a humidified 5% CO2 atmosphere. Confluent monolayers were stimulated for 3, 6,
and 24 h with three different concentrations (50, 100, and
250 µmol/L) of chenodeoxcholic acid (CDCA) and lithocholic acid (LCA) sodium salts (Sigma, St. Louis, USA) or
10 µmol/L rifampicin sodium salt (Eremfat®, Fatol Arzneimittel GmbH, Schiffweiler, Germany) as known activator of human PXR in the presence of 10% FCS.
RNA isolation and reverse transcription
Total RNA was extracted from cultured cells according
to the manufacturer’s instructions using the RNeasy Midi
Kit (Qiagen, Hilden, Germany). Purity and integrity of the
RNA was assessed on the Agilent 2100 bioanalyzer with
the RNA 6000 Nano LabChip® reagent set (Agilent Technologie, Santa Clara, USA). The RNA was quantified spectrophotometrically and then stored at -80℃. Subsequently,
cDNAs were generated by reverse transcriptase reactions.
The reaction was performed in 20 µL reaction volume
containing 2 µ g of total cellular RNA, 4 µ L 5 ×�������
�� ������
first
strand buffer (Invitrogen, Karlsruhe, Germany), 2 µL 0.1
mol/L DTT, 1 µL dN6 primer (10 mmol/L), 1 µL dNTPs
(10 mmol/L), and DEPC water. The reaction mix was
incubated for 10 min at 70℃. Then 1µL of Superscript
Ⅱ RT (Invitrogen, Karlsruhe, Germany) was added and
RNAs were transcribed for 1 h at 37℃. RT was inactivated
at 70℃ for 10 min and RNA was degraded by digestion
with 1 µL RNase A (10 mg/mL) at 37℃ for 30 min.
Realtime quantitative RT-PCR (TaqMan) analysis
Realtime quantitative RT-PCR analysis was performed
with an ABI7900HT machine (Applied Biosystems, Foster City, USA). All reagents necessary for running a TaqMan RT-PCR assay including primers and probes were
purchased from Applied Biosystems and used according
to the manufacturer’s instructions. TaqMan analysis of
FGF19 transcripts was carried out with pre-designed and
optimized Assays on Demand (Assay Hs00 192 780_m1).

The reaction parameters were: 2 min 50℃ hold, 30 min
60℃ hold, 5 min 95℃ hold; followed by 35 cycles of 20 s
94℃ melt and 1 min 60℃ anneal/extend. Measurements
were carried out in triplicates. Results were analyzed with
an ABI sequence detector software version 2.0 and relative
quantitation was carried out as described earlier[18].
Plasmid constructs, transfections and reporter assays
Primers for genomic PCR amplification of the proximal
human CYP3A4 promoter and four FGF19 promoter sequences were as follows: CYP3A4-Luc-390F 5'-CCCCTCGAGGGCACAGGCACACTCCAGGCATAGG-3',
CYP3A4-Luc+191R 5'-CCCAAGCTTCTCTATCTGTGAGTAACTGTTCAGG-3', FGF19-Luc-1954F
5'-CCCCTCGAGTCAACACCTTCATGAGTGCTACATC-3', FGF19-Luc-882F 5'-CCCCTCGAGTATTGGCAGGAACCGCTTCATGGAG-3', FGF19-Luc-532F
5'-CCCCTCGAG C T T T C AG G T T G C AT C T C G C G C AC AG - 3 ', FGF19-Luc-301F 5'-CCCCTCGAGAAGAACCTGAGACTGTCGGAACTGC-3',
FGF19-Luc+244R 5'-CCCAAGCTTGATGCAATCCCGATAAGAAATGCTC-3'. Human genomic DNA isolated from leukocytes using the Qiamp blood kit (Qiagen,
Hilden, Germany) served as a template for the amplification of the promoter sequences with the High Fidelity
PCR System (Roche, Mannheim, Germany). Reporter
constructs were cloned by ligation of PCR fragments into
the Xho Ⅰ and Hind Ⅲ restriction sites of the pGL3basic vector and subsequently transformed into competent
E.coli-DH5alpha. Plasmid purification was achieved by
using the Qiagen Plasmid Maxi kit (Qiagen, Hilden, Germany). The identity of the subcloned DNA fragments was
confirmed by DNA sequencing. An empty pGL3-basic
vector served as negative control, while a pGL3-CMV
promoter plasmid was used as positive control. LS174T
cells in 6-well plates were transfected with Fugene6 (Roche,
Mannheim, Germany) as described previously[19] with 2 µg
of reporter plasmids and stimulated with LCA or rifampicin as described above. For cotransfection experiments 2
µg of reporter plasmids and 100 ng of each pSG5-hPXR
and pSG5-hRXR[20] or empty expression vector was used.
Cells were harvested 24 h after transfection and lysed in
reporter lysis buffer (Promega, Madison, USA). Luciferase
assay reagent containing luciferyl-CoA was added after
centrifugation. Luciferase activity was determined in a
LUMAT LB9501 (Berthold Technologies, Bad Wildbad,
Germany) and was subsequently normalized to the protein content. Each experiment was repeated three times
and measurements were done in triplicates.
Analysis of PXR receptor binding motifs
CYP3A4 and FGF19 promoter sequences and transcriptional start sites have been retrieved by an in silico approach
using the programs DBTSS (database of transcription start
sites, http://elmo.ims.u_tokyo.ac.jp/dbtss)[21] and Gene to
promoter (Genomatix GmbH, Munich, Germany). The
computer algorithm NUBIScan[22] and a self defined matrix based on known PXR target genes[9] has been used to
predict DNA recognition sites for PXR in the regulatory
region of FGF19.
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Figure 1 mRNA induction of FGF19 in LS174T cells by CDCA (A) and LCA (B)
(mean ± SD, Student’s t-test). P < 0.05 between 3 h, 6 h and 24 h treatment
groups and 0 h group in both A and B.

RESULTS
FGF19 is induced by the PXR agonist lithocholic acid in
intestinal cells
FGF19 was previously shown to be upregulated in primary
human hepatocytes as well as in the intestinal cell line
Caco2 by the natural and synthetic FXR ligands chenodeoxycholic acid (CDCA) and GW4064, respectively[14-16].
Our aim was to analyze whether FGF19 is also induced
by the secondary bile acid LCA, which acts as a natural
agonist of human PXR. Therefore, FGF19 transcript levels were determined in intestinal LS174T cells stimulated
with various concentrations of CDCA and LCA in a time
course experiment. Figure 1A shows the induction of
FGF19 mRNA by the FXR ligand CDCA, which was used
as a positive control for the experimental setup. All analyzed concentrations of CDCA could increase the amount
of FGF19 mRNA and a time dependency was noticed for
the highest concentration (250 µmol/L), indicating that
LS174T cells are a suitable cell model to study FGF19
induction by bile acids. In contrast to CaCo2 and HT-29,
LS174T cells also have a high expression of detoxification enzymes and PXR target genes as was shown in our
previous studies[9]. Stimulation of LS174T cells with LCA
resulted in a significant induction of FGF19 transcripts,
www.wjgnet.com
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starting at lower concentrations but most prominently
after 24 h at a concentration of 250 µmol/L (Figure 1B).
Higher concentrations of bile acids (500 µmol/L) had toxic effects and were not used for further studies (data not
shown). These data clearly demonstrate that the FGF19
gene is activated by the PXR ligand LCA in a similar manner as CDCA.
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6h

3h
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The proximal FGF19 promoter is activated by LCA and
Rifampicin
To study whether upregulation of FGF19 mRNA levels were a direct effect of LCA on the promoter, several
reporter constructs were amplified from genomic DNA
and cloned into luciferase reporter vectors. As depicted in
Figure 2A, four FGF19 deletion constructs ranging from
positions -1954 to -301 relative to the major transcription
start site were created. In addition, a short proximal promoter region of the CYP3A4 gene (-390/+191), which
has been previously shown to contain a PXR responsive
element (ER6) was generated as a positive control[20].
In contrast to FXR/RXR heterodimers, which mainly
bind to inverted repeats (AG(G/T)TCA) separated by one
nucleotide, PXR is a very promiscuous receptor. Thus,
PXR/RXR complexes can bind several direct repeats
(DR3, DR4, DR5), extroverted repeats (ER6, ER8), and
inverted repeats (IR0)[23]. Although the location for the
FXR responsive element in the FGF19 gene has been previously mapped to the second intron[14], we concentrated
our search for PXR regulatory elements on the 2000 bp
upstream region of the FGF19 gene. Since LCA has been
described as an FXR antagonist[24], the possibility that LCA
acts activating on FGF19 via the known FXR responsive
element is very unlikely. Using a self defined optimized
matrix for putative PXR DNA binding motifs derived
from 17 known PXR target genes[9] and the NUBIScan
program[22], we were able to identify two high score PXR
matrices in the FGF19 promoter. Figure 2B displays the
DR3 and ER6 element at positions -170 and -72, respectively. The ER6 element is conserved between the human
FGF19 promoter (upper sequence) and the corresponding
region in the murine Fgf15 homolog (lower sequence) and
may thus be the most likely candidate for PXR binding.
However, species specific differences in PXR regulated
gene expression should be taken into account[25], limiting
the information gained from this homology alignment.
As the next step to analyze the effects of LCA and the
strong PXR agonist rifampicin (Rif) on the FGF19 promoter, LS174T cells were transfected with several 5´-deletion constructs of FGF19 and the CYP3A4 reporter as a
known PXR target gene and luciferase activity was determined. CYP3A4 promoter activity was low but significantly above background (data not shown) and simultaneous
Rif stimulation for 24 h caused moderate upregulation of
promoter activity, whereas LCA had no significant effect
(Figure 3A). This finding is most likely explained by the
lack of the 8kb distal enhancer element[26] in our CYP3A4
promoter construct. The -1954/+244 FGF19 promoter
construct showed highest basal activity, which was reduced
when shortening the promoter length down to -301/+244
(Figure 3A, white bars). Despite this drop of overall luciferase activity, which could be explained by the lack of fac-
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Figure 2 CYP3A4 and FGF19 promoter constructs and sequence alignment of the human and murine FGF19/Fgf15 regulatory regions. A: CYP3A4 and FGF19 promoter
constructs used for transient transfection assays. The positions are calculated relative to the major transcription start site; B: Sequence comparison of homologous regions
in the human FGF19 and murine Fgf15 promoters. The locations of the DR3 and ER6 elements identified in the human FGF19 promoter by NUBIScan analysis are
indictated by bold letters.

tors required for high basal activity, a significant promoter
activating effect could be observed for LCA and Rif with
all four analyzed constructs. These data clearly indicate
that the LCA/Rif responsive element is localized within
the first 301 bp of the FGF19 proximal promoter region.
PXR/RXR heterodimers induce the proximal FGF19
promoter
To directly show that PXR/RXR heterodimers can activate the FGF19 promoter, we then performed transient
cotransfection experiments of all luciferase reporters with
human PXR and RXR expression plasmids. Relative promoter induction levels were determined by calculating the
promoter activity of PXR/RXR cotransfected and LCA/
Rif stimulated intestinal cells relative to mock transfected
and solely LCA/Rif stimulated cells. Figure 3B shows that
PXR/RXR overexpression lead to a significant increase of
CYP3A4 and FGF19 promoter activities. As expected, the
stimulatory effect was higher when cells were stimulated
with Rif compared to LCA. Interestingly, a high inducible
effect of both PXR ligands was retained in the smallest
FGF19 promoter construct -301/+244. These results confirm
the promoter assays from LCA/Rif stimulated cells (Figure
3A) and furthermore provide evidence that PXR/RXR heterodimers bind to the proximal FGF19 promoter region that
harbors the DR3 and ER6 elements as candidate binding sites.

DISCUSSION
Our results reveal for the first time that the toxic secondary bile acid LCA and its receptor PXR act as positive
regulators of FGF19 gene expression in intestinal cells by
directly activating the proximal promoter region. The physiological consequences of FGF19 upregulation by PXR-bound
LCA is very likely an enterohepatic feedback inhibition of bile
acid synthesis in the liver. Thus, in addition to stimulating enhanced enterocyte metabolism of LCA by CYP3A4, intestinal
PXR seems to control liver bile acid metabolism.
Our group and others have shown that PXR levels
were significantly downregulated in the colon of patients
with ulcerative colitis[9] and that genetic variants in PXR
are associated with IBD[12]. Therefore, it will be interesting
to see whether intestinal FGF19 mRNA levels are compromised in IBD patients. However, since FGF19 is also
regulated by FXR, a functional redundancy in bile acid
regulation of FGF19 cannot be excluded.
Recently, PXR-mediated repression of NF-kappaB
target genes in the colon has been identified as a critical
mechanism by which PXR activators such as rifampicin
decrease the susceptibility of mice to DSS-induced IBD[10].
Furthermore, NF-kappaB activation reciprocally inhibits
PXR and inhibition of NF-kappaB enhances PXR activity, demonstrating a direct relationship between PXR and
the intestinal inflammatory system[11]. It is thus tempting
www.wjgnet.com
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Figure 3 Localization of the LCA/Rif/PXR responsive element in the human
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to speculate that NF-kappaB-mediated inflammatory processes could also affect FGF19 expression and function.
In conclusion, our results implicate that PXR agonists
may have a novel therapeutic potential to control bile acid
metabolism and detoxification via regulating enterohepatic
signaling involving FGF19.
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Abstract
AIM: To evaluate risk factors of biliary anastomotic
complications (BACs) and outcomes according to type of
biliary reconstruction.
METHODS: A total of 33 consecutive adult �������������
living donor
liver transplantation��������
(LDLT) were
���������������
reviewed, 17
��� ���
of ����������
which had
undergone Duct-to-Duct anastomosis (D-D). The remaining
16 patients received Roux-en-Y anastomosis (R-Y). The
perioperative factors, such as the type of graft and the
number of graft bile ducts, were analyzed retrospectively.
RESULTS: The overall incidence of BACs was 39.4%.
The incidence of BACs was significantly higher in the
patients with than without neoadjuvant chemotherapy
(71.4% vs 10%, P = 0.050). There was no significant
difference in the incidence of biliary leakage in patients
with D-D vs . those with R-Y. The incidence of biliary
strictures following the healing of biliary leakage was
significantly higher in D-D (60%) than in R-Y (0%)
(P = 0.026). However, the incidence of BACs related
bacteremia was significantly higher in R-Y than in D-D
(71.4% vs 0%, P = 0.008). In D-D, use of T-tube stent
remarkably reduced the incidence of BACs, compared
with straight tube stent (0% vs 50%, P = 0.049).
CONCLUSION: Our experience showed an increase
of BACs related bacteremia in the patients with
R-Y. Therefore, D-D might be a preferred biliary
reconstruction. However, the surgical refinement of D-D
should be required because of the high incidence of
biliary strictures. Use of the T-tube stent might lead to a
significant reduction of BACs in D-D.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Since the early period of orthotopic liver transplantation
(OLT), biliary reconstruction has been characterized as the
technical Achilles’ heel of OLT[1-3]. This holds true also for
living donor liver transplantation (LDLT)[4,5]. At present,
standard biliary reconstruction in OLT is a choledochocholedochostomy. On the other hand, Roux-en-Y anastomosis (R-Y) is the preferred technique for biliary reconstruction in LDLT or reduced liver transplantation.
Recently, Duct-to-Duct anastomosis (D-D) has been
widely performed for biliary reconstruction even in adult
LDLT[6-8], because of its advantages, for example concerning the prevention of reflux cholangitis and the reduced
duration of surgery[9,10]. In addition, D-D provides improved access to the biliary tract for endoscopic retrograde
cholangiography. However, in several early reports, the
incidence of biliary anastomotic complications (BACs),
especially biliary strictures, were higher in patients having
received the D-D than in those in whom R-Y had been
performed[11-14]. Therefore, there is no consensus regarding biliary reconstruction in LDLT yet. In this study, we
evaluated whether there was a difference in the incidence
of BACs according to the type of biliary reconstruction in
adult LDLT.

MATERIALS AND METHODS
The adult LDLT programme started at our institution
in March 1999. The period from March 1999 to February 2004 was chosen for our analysis, since it provided a
follow-up longer than three years. During this period, 35
adult patients underwent LDLT at our institute. During
roughly the first half of our study, we mainly performed
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Table 1 Demographics of the recipientes
Age (yr)
Gender
Male
Female
Diagnosis
Cholestatic disease
Hepatocellular carcinoma
Liver cirrhosis
Fulminant hepatic failure
Others
CTP
MELD
Graft
Right
Left
GRWR (%)
Type of reconstruction
Duct-to-Duct
Roux-en-Y
Follow-up (mo)

48.8 ± 14.2
17
16
6
9
8
5
5
9.9 ± 3.2
17.8 ± 7.7
8
25
0.84 ± 0.23
17
16
47.2 ± 28.9

CTP: Child-Turcotte-Pugh; MELD: model for end-stage liver disease; GRWR:
graft volume/recipient body weight ratio.

R-Y for biliary reconstruction. However, since middle
2001, we switched from R-Y to D-D because of its advantages. Through the end of the study period, 18 patients
have undergone the D-D and 17 patients have undergone
the R-Y. Two patients, who died within one month after
surgery, were excluded from the study. The causes of the
death were persistent bacteremia (existing prior to operation) and cerebral hemorrhage. The demographic characteristics of the 33 consecutive recipients included in this
study are shown in Table 1. We analyzed etiologic factors
affecting BACs and evaluated the differences in the incidence of BACs between the patients having received D-D
and those treated with a R-Y.
Donor operations
Healthy individuals aged 19 to 62 years were eligible donors. The selection of the left versus right liver lobe was
based on donor graft liver volume as measured through
computer-assisted tomography scans (CT scans). Essentially, whichever lobe had a graft-to-recipient body weight
ratio (GRWR) greater than 0.7% was used as the graft
liver. However, when the right liver lobe exceeded 65% of
the donor’s whole liver volume, the left liver lobe was occasionally selected with fully informed consent even if the
GRWR was less than 0.7%. All donor patients preoperatively underwent DIC-CT scanning to measure graft liver
volume and to evaluate the bile duct.
Donor lobectomy was performed as described previously in detail[15-17]. After cholecystectomy, cystic duct cholangiography was performed to confirm the transection
line. Hilar dissection was then performed. The left or right
hepatic ducts were transected sharply and parenchymal
transection was performed. The peribiliary plexus was preserved as much as possible. After systemic heparinization
with 1000 units of heparin, the graft was flushed via the
portal vein with three times the graft weight of histidinetryptophan-ketoglutarate (HTK) at 4℃.
To decompress the biliary tract, C-tubes were routinely
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positioned in the common bile duct via the cystic duct in
all donor cases[18].
Recipient operations
Recipient total hepatectomy was performed with preservation of the inferior vena cava (IVC). After anastomosis
of the hepatic vein, significant large accessory veins (> 5
mm) were also anastomosed to the sidewall of the IVC[19].
The donor portal vein was anastomosed to the recipient’s
main portal vein. After reperfusion of the graft, arterial
anastomosis was completed through surgical microscopy
between the donor hepatic artery and the recipient right,
left or proper hepatic artery in most cases.
Biliary reconstruction
R-Y was performed in 16 patients, 6 with a right liver lobe
and 10 with a left liver lobe. The bile duct was anastomosed to the Roux-en-Y limb of the jejunum by using a 6-0
PDS suture in an interrupted fashion. The 4-, 6-, or 8-Fr
straight tubes were routinely inserted and introduced via
the R-Y limb of the jejunum as a stent tube.
Seventeen patients underwent D-D. For cases with D-D
anastomosis, the recipient bile duct was dissected at the hilar plate with as much surrounding tissue attached as possible. An end-to-end anastomosis was performed with the
placement of an external stent by using a 6-0 PDS suture
in an interrupted fashion in cases whose underlying hepatobiliary disease allowed us to use this technique. Initially, a 4-,
6-, or 8-Fr straight tube was routinely positioned in the intrahepatic bile duct via the remnant cystic duct or the sidewall
of the common bile duct. We have recently begun using a
9- or 12-Fr T-tube for an external stent to reduce BACs. We
remove the T-tube between 3 and 6 mon after the LDLT.
Diagnosis of posttransplant complications
When we found a discharge of bilirubin occurring through
the drains, we confirmed anastomotic leakages by performing cholangiography using external stent tubes.
Biliary stricture is primarily suspected with an increase
of liver function tests or a presence of jaundice. Confirmation of intrahepatic bile duct dilatation using abdominal ultrasonography or CT scan was possible in most of the cases.
The patient was diagnosed with bacteremia when the
presence of bacteria was showed in the patient’s blood. We
concluded that the bacteremia was associated with BACs
wnever the same bacterial species were found in the patient’ bile and blood.
Statistical analysis
Values were given as means ± SD. Data was analyzed by
the chi-square test and the Mann-Whitney U-test. Patient
survivals after LDLT were determined by the Kaplan-Meier method and compared among groups using Log-rank
test. A difference was considered statistically significant
when probability was less than 0.05.

RESULTS
Rates of patient survival
The mean follow-up period of the 33 patients was 47.2 ±
28.9 mo. Eight study patients died, and the overall survival
www.wjgnet.com
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Table 2B Intraoperative risk factor for biliary anastomotic
complications in adult living donor liver transplantation

80
Cumulative survival

August 21, 2007

Biliary anastomotic complications

60

Absent (n = 20)

40
BACs (-)

20

BACs (+)
0
0

20

40

60

80

100

Months after LDLT

Figure 1 Cumulative patient’s survival with or without biliary anastomotic
complications (BACs). The cumulative patient survival rate tended to be lower in
the patients with BACs (n = 13) than without BACs (n = 20) (P = 0.071).

Table 2A Preoperative risk factor for biliary anastomotic
complications in adult living donor liver transplantation

WIT (min)
47.8 ± 9.1
CIT (min)
61.7 ± 52.9
Post PVP (mmHg)
163.2 ± 40.7
Graft
Right
4
Left
16
GRWR (%)
0.834 ± 0.211
Type of reconstruction
Duct-to-Duct
11
Roux-en-Y
9
Number of bile duct
Single
16
Multiple
4

Present (n = 13)
46.0 ± 7.7
47.1 ± 32.9
182.3 ± 42.5
4
9
0.843 ± 0.261

P value
NS
NS
NS
NS

NS
NS

6
7
NS
8
5

WIT: warm ischemia time; CIT: cold ischemia time; PVP: portal venous
pressure; GRWR: graft volume/recipient body weight ratio; NS: not
significance.

Biliary anastomotic complications
Absent (n = 20)
Age (yr)
Gender
Male
Female
CTP
MELD
ABO matching
Identical
Compatible
Incompatible
NAC
Yes
No
Donor age (yr)

Present (n = 13)

50.4 ± 12.8

46.2 ± 16.4

10
10
10.4 ± 3.2
18.5 ± 8.0

7
6
10.0 ± 3.2
16.8 ± 7.4

15
2
3
2
18
38.4 ± 11.6

5
2
33.8 ± 13.5

P value
NS
NS

NS
NS
NS
10
3
0
0.05

NS

CTP: Child-Turcotte-Pugh; MELD: model for end-stage liver disease; NAC:
neoadyuvant chemotherapy; NS: not significant.

Table 2C Postoperative risk factor for biliary anastomotic
complications in adult living donor liver transplantation
Biliary anastomotic complications
HAT
Yes
No
ACR
Yes
No
CMV
Yes
No
Bacteremia
Yes
No

Absent (n = 20)

Present (n = 13)

0
20

0
13

10
10

6
7

10
10

6
7

2
18

7
6

P value
NS

NS

NS

0.006

HAT: hepatic arterial thrombosis; ACR: acute cellular rejection; CMV:
cytomegalovirus; NS: not significant.

rate of the 33 patients was 75.8%. The causes of death
were systemic infection resulting in liver graft failure at 3
mo, 5 mo, or 7 mo (n = 3); heart failure following amyloidosis at 7 mo (n = 1); and the recurrence of hepatocellular
carcinoma (HCC) at 6 mo, 8 mo, or 10 mo (n = 3). In two
of three patients died due to systemic infection, the infection contributed to repeated reflux cholangitis after biliary
leakage. The cumulative patient survival rate tended to be
lower in patients without than with BACs (Figure 1).
Rates and risk factors of biliary anastomotic complications
The overall incidence of BACs was 39.4% (13/33). Biliary
leakage developed in 11 patients, while biliary stricture occurred in 2 patients. We analyzed the risk factors of BACs
by comparing patients with and without BACs (Table 2).
The patients with neoadjuvant chemotherapy (NAC) for
hepatocellular carcinoma (HCC) showed significantly
higher incidence of BACs than those without NAC (71.4%
vs 10%, P = 0.050, Table 2A). Seven patients underwent
NAC, of which 5 experienced BACs (71.4%). NAC was
defined as systemic imuunochemotherapy or transarterial chemoembolization (TACE) performed within three
www.wjgnet.com

months before LDLT.
Cold ischemia time, hepatic artery thrombosis or CMV
infection, which has been identified as a cause of BACs in
the previous reports, was not observed in any recipients
in this series (Table 2B, 2C), neither was there an ABOincompatible case (Table 2A). Several recent reports have
shown that multiple biliary orifices, which present a further hurdle in biliary reconstruction, significantly increased
the incidence of BACs[14]. However, in our study, although
the number of BACs was increased in cases multiple bile
ducts, the difference failed to reach statistical significance
due to the low number of cases. The incidence of posttransplant bacteremia was significantly higher in patients
with than without BACs (53.8% vs 10%, P = 0.006, Table
2C). There was no significant difference in any of the other risk factors between patients with and without BACs.
Analysis of biliary anastomotic complications according
to the type of biliary reconstruction
In the 33 adult LDLT patients, there were 13 BACs, in-
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Table 3 Incidence of biliary anastomotic complications
according to type of biliary reconstructions

4239

Table 4 Incidence of bacteremia associated with biliary
anastomotic complications according to type of biliary
reconstructions

Stricture
Leakage
Duct-to-Duct (n = 17)
Roux-en-Y (n = 16)

A

Leakage (-)

5
6

1
1

Leakage (+)
3
0

B

Absent
Duct-to-Duct (n = 6)
Roux-en Y (n = 7)

6
2

Absent

cluding 11 cases of leakage (33.3%) and 2 strictures (6.1%)
(Table 3). Biliary leakage was observed in 6 (37.5%) of 16
R-Y patients and in 5 (29.4%) of 17 D-D patients. Biliary
strictures developed in one patient in each group. Both
of the patients had one anastomosis with two bile ducts.
There were no significant differences in the incidence of
BACs between R-Y and D-D. In all patients who experienced biliary leakage, the leakage was halted by continuous
percutaneous biliary drainage or endoscopic nasobiliary
drainage. None of the patients required reoperation for the
leakage. However, in 3 of the 5 patients who experienced
biliary leakage in D-D, a biliary stricture developed after
the leakage had healed. To manage the stricture, all 3 patients required percutaneous transhepatic biliary drainage
(PTCD), followed by tube stenting. One patient required
a conversion to R-Y anastomosis because of the complete
obstruction of the posterior branch. On the other hand, no
R-Y patient experienced biliary stricture following the healing of anastomotic leakage (60% vs 0%, P = 0.026, Table 3).
Incidence of bacteremia associated with biliary
anastomotic complications according to type of biliary
reconstructions
5 of 7 R-Y patients with BACs experienced bacteremia associated with BACs (71.4%), while none of 6 D-D patients
with BACs had bacteremia associated with BACs (0%).
The incidence of BACs related bacteremia was significantly higher in R-Y patients than in D-D patients among the
patients experienced BACs (P = 0.008, Table 4)
Incidence rate of biliary anastomotic complications
according to the type of external stent tube
The 4- or 6-Fr straight tube was placed via the stoma in 12
D-D patients (Figure 2A). The remaining 5 patients had
9- or 12-Fr T-tube as an external stent (Figure 2B). There
were no complications in the biliary tract in 5 LDLT patients with T-tube drainage, while BACs occurred in 6 of
12 patients with straight tube drainage (P = 0.049, Table 5).

0
5

P value
0.008

Table 5 Incidence of biliary anastomotic complications
according to type of external stent tubes in Duct-to-Duct
anastomoses

Straight tube (n = 12)
T tube (n = 5)

Figure 2 External stent tube in Duct-to-Duct anastomosis. A: 6 Fr straight tube
via the sidewall of the common bile duct; B: 9 Fr T-tube.

Present

6
5

Present
6
0

P value
0.049

The stent tube was usually left in place for at least 3 mo
after LDLT and then removed after confirming the integrity of the bile duct by a cholangiogram. There was no biliary complication associated with the insertion or removal
of T-tube, such as bile leakage at the T-tube insertion and
biliary peritonitis after T-tube removal.

DISCUSSION
Although surgical, technological, and immunological treatments have advanced greatly in the field of liver transplantation, biliary anastomotic complications remain an important cause of morbidity and mortality, as confirmed by our
series.
In our study, there was no difference in the incidence
of BACs between the D-D and the R-Y. However, the incidence of biliary strictures following the healing of biliary
leakage was significantly higher in the D-D (60%) than in
the R-Y (0%). This finding emphasizes that ischemia is an
important cause of BACs. Although the Roux-en-Y limb
of the jejunum receives an adequate arterial blood flow,
ischemia might occur easily in the recipient’s bile duct because of lysis of porta hepatis. Therefore, in comparison
with R-Y, D-D has to be monitored closely in order to
preserve the peribiliary plexus of the recipient’s left, right,
or common hepatic duct as well as the donor’s right or
left hepatic duct. The high incidence of biliary strictures
in D-D probably might originate in a little longer stricture
caused by ischemic change in both sides of the stoma.
However, D-D has several advantages over R-Y. First,
D-D can reduce the duration of surgery. Second, D-D
allows easier access for endoscopic treatments of the biliary tract and may reduce reflux cholangitis because of
preservation the normal physiologic sphincter mechanism.
Third, D-D can be converted to R-Y in cases where biliary
strictures cannot be resolved by percutaneous transhepatic
biliary anastomotic dilatations. Moreover, in our study, the
incidence of bacteremia associated with BACs was significantly lower in the D-D than in the R-Y cases. Therefore,
D-D is our technique of choice for biliary reconstruction.
However, surgical refinement of D-D anastomosis should
be performed because of the high incidence of biliary
strictures, as reported previously [20]. Early in our study
period, a 4- or 6-Fr straight tube was used as an external
www.wjgnet.com
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stent in D-D, as in R-Y. However, stent tubes of these
sizes often caused obstruction; several patients who had
been given the narrow hepatic duct experienced biliary
congestion or cholangitis after the external stent tube was
clamped. Since January 2003, we started using a T-tube of
9- or 12-Fr in diameter, which suits the hepatic duct exactly, as an external stent. Previously, Randall demonstrated
that the use of the T-tube did not reduce the biliary complication rate in liver transplantation[21]. However, in LDLT,
the D-D anastomosis is a hepaticohepaticostomy, in which
a narrow stoma and peristomal ischemia may easily occur.
As reported previously, the incidence of BACs should be
higher in LDLT than in whole liver transplantation. Actually, our experience showed that there were no such complications in the biliary tract in 5 LDLT patients with T-tube
drainage, while patients with straight tube drainage experienced high incidence of BACs. Hashimoto also reported
that use of T tube in LDLT might reduce the incidence of
biliary stricture and can be an effective therapeutic option
when endoscopic treatment is unsuccessful[30]. Therefore,
we expect that the use of the T-tube may reduce the incidence of BACs, especially biliary stictures in LDLT. More
experience is needed to confirm this.
Heffron and Reichert reported a high incidence of
BACs in reduced-size liver transplantation or LDLT in
comparison with cadaveric whole liver transplantation[3,23].
Prolonged cold ischemia, chronic rejection and cytomegalovirus infection have been proposed as important risk factors for BACs after liver transplantation[24,25]. However, in
LDLT, there have not been so many reports regarding the
incidence of BACs.
We analyzed the risk factors between patients with
BACs and those without. The incidence of BACs was significantly higher in the patients with NAC. Previously, Kim
and Kemeny reported ischemic change in the bile duct
after TACE[26,27]. Ischemia is the most important cause of
BACs as described above. It is possible that LDLT patients
with HCC have suffered from ischemic bile duct injury following NAC and thus are more likely to undergo BACs after LDLT. In the future, a larger group of patients should
be studied to verify this hypothesis.
In this series, the overall incidence of BACs was 39.4%.
It is true that the incidence rate seems to be slightly higher
than that in previous reports (18.2%-43%)[4,5,12,28,29]. However, these reports described little of a correlation between
BACs and NAC. The high incidence of BACs in our study
may be due to the inclusion of many patients with NAC.
Recently, a few authors found that multiple bile ducts
in the graft are strongly correlated with a high risk of
BACs[14,30,31]. Multiple bile ducts showed an increase of
BACs also in our study. Among the nine patients with multiple bile ducts, five had BACs (55.6%), whereas among 25
patients with single bile duct, BACs occurred only in eight
(32%). This difference was not statistically significant due
to the low number of cases, and needs to be confirmed in
the future by larger studies.
Although there was no significant difference in the incidence of BACs between the left-lobe and right-lobe patients, the patients with the right-lobe graft clearly had increased BACs, compred with those with the left-lobe (50%
vs 36%). Marcos has previously reported that the incidence
www.wjgnet.com
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of multiple bile ducts or anatomical variations is very high
in right-lobe graft. In our series, the incidence of multiple
bile ducts was significantly higher in the right lobe graft
than in the left lobe graft (60% vs 12%, P = 0.014, data not
shown). The increased incidence of BACs in the right lobe
graft might reflect the high incidence of BACs in patients
with multiple bile ducts.
In summary, our experience showed an increase of
bacteremia associated with BACs in the patients having
received R-Y. Therefore, D-D might be a preferred and
safer biliary reconstruction than R-Y. However, the surgical refinement of D-D should be required because of the
high incidence of biliary strictures. Use of the T-tube stent
might lead to a significant reduction of BACs in D-D.

REFERENCE
1
2

3

4

5
6
7

8
9

10

11

12

13

14

Lopez RR, Benner KG, Ivancev K, Keeffe EB, Deveney CW,
Pinson CW. Management of biliary complications after liver
transplantation. Am J Surg 1992; 163: 519-524
Stratta RJ, Wood RP, Langnas AN, Hollins RR, Bruder KJ,
Donovan JP, Burnett DA, Lieberman RP, Lund GB, Pillen TJ.
Diagnosis and treatment of biliary tract complications after
orthotopic liver transplantation. Surgery 1989; 106: 675-683;
discussion 683-684
Heffron TG, Emond JC, Whitington PF, Thistlethwaite JR
Jr, Stevens L, Piper J, Whitington S, Broelsch CE. Biliary
complications in pediatric liver transplantation. A comparison
of reduced-size and whole grafts. Transplantation 1992; 53:
391-395
Egawa H, Inomata Y, Uemoto S, Asonuma K, Kiuchi T,
Fujita S, Hayashi M, Matamoros MA, Itou K, Tanaka K.
Biliary anastomotic complications in 400 living related liver
transplantations. World J Surg 2001; 25: 1300-1307
Fan ST, Lo CM, Liu CL, Tso WK, Wong J. Biliary
reconstruction and complications of right lobe live donor liver
transplantation. Ann Surg 2002; 236: 676-683
Inomata Y, Uemoto S, Asonuma K, Egawa H. Right lobe graft
in living donor liver transplantation. Transplantation 2000; 69:
258-264
Dulundu E, Sugawara Y, Sano K, Kishi Y, Akamatsu N,
Kaneko J, Imamura H, Kokudo N, Makuuchi M. Ductto-duct biliary reconstruction in adult living-donor liver
transplantation. Transplantation 2004; 78: 574-579
Takatsuki M, Yanaga K, Okudaira S, Furui J, Kanematsu T.
Duct-to-duct biliary reconstruction in adult-to-adult living
donor liver transplantation. Clin Transplant 2002; 16: 345-349
Shokouh-Amiri MH, Grewal HP, Vera SR, Stratta RJ, Bagous
W, Gaber AO. Duct-to-duct biliary reconstruction in right lobe
adult living donor liver transplantation. J Am Coll Surg 2001;
192: 798-803
Azoulay D, Marin-Hargreaves G, Castaing D, ReneAdam,
Bismuth H. Duct-to-duct biliary anastomosis in living related
liver transplantation: the Paul Brousse technique. Arch Surg
2001; 136: 1197-1200
Marcos A, Ham JM, Fisher RA, Olzinski AT, Posner MP.
Single-center analysis of the first 40 adult-to-adult living
donor liver transplants using the right lobe. Liver Transpl 2000;
6: 296-301
Miller CM, Gondolesi GE, Florman S, Matsumoto C, Munoz
L, Yoshizumi T, Artis T, Fishbein TM, Sheiner PA, KimSchluger L, Schiano T, Shneider BL, Emre S, Schwartz ME.
One hundred nine living donor liver transplants in adults
and children: a single-center experience. Ann Surg 2001; 234:
301-311; discussion 311-312
Testa G, Malago M, Valentin-Gamazo C, Lindell G, Broelsch
CE. Biliary anastomosis in living related liver transplantation
using the right liver lobe: techniques and complications. Liver
Transpl 2000; 6: 710-714
Shah SA, Grant DR, McGilvray ID, Greig PD, Selzner M, Lilly

Yamamoto S� et al . Biliary complications in adult LDLT

15

16

17

18

19

20

21
22

23

LB, Girgrah N, Levy GA, Cattral MS. Biliary strictures in 130
consecutive right lobe living donor liver transplant recipients:
results of a Western center. Am J Transplant 2007; 7: 161-167
Tanaka K, Uemoto S, Tokunaga Y, Fujita S, Sano K,
Nishizawa T, Sawada H, Shirahase I, Kim HJ, Yamaoka Y.
Surgical techniques and innovations in living related liver
transplantation. Ann Surg 1993; 217: 82-91
Broelsch CE, Burdelski M, Rogiers X, Gundlach M, Knoefel
WT, Langwieler T, Fischer L, Latta A, Hellwege H, Schulte
FJ. Living donor for liver transplantation. Hepatology 1994; 20:
49S-55S
Yamaoka Y, Washida M, Honda K, Tanaka K, Mori K,
Shimahara Y, Okamoto S, Ueda M, Hayashi M, Tanaka A.
Liver transplantation using a right lobe graft from a living
related donor. Transplantation 1994; 57: 1127-1130
Sato Y, Kurosaki I, Yamamoto S, Nakatsuka H, Oya H, Shirai
Y, Tanaka K, Hatakeyama K. Postoperative management for
donor safety in living related donor liver transplantation.
Hepatogastroenterology 2003; 50: 196-200
Sato Y, Yamamoto S, Takeishi T, Nakatsuka H, Kokai H,
Hatakeyama K. New hepatic vein reconstruction by double
expansion of outflow capacity of left-sided liver graft in livingdonor liver transplantation. Transplantation 2003; 76: 882-884
Soejima Y, Taketomi A, Yoshizumi T, Uchiyama H, Harada N,
Ijichi H, Yonemura Y, Ikeda T, Shimada M, Maehara Y. Biliary
strictures in living donor liver transplantation: incidence,
management, and technical evolution. Liver Transpl 2006; 12:
979-986
Randall HB, Wachs ME, Somberg KA, Lake JR, Emond JC,
Ascher NL, Roberts JP. The use of the T tube after orthotopic
liver transplantation. Transplantation 1996; 61: 258-261
Hashimoto M, Sugawara Y, Tamura S, Kishi Y, Matsui Y,
Kaneko J, Makuuchi M. T-tube drainage for biliary stenosis
after living donor liver transplantation. Transplantation 2006;
81: 293-295
Reichert PR, Renz JF, Rosenthal P, Bacchetti P, Lim RC, Roberts
JP, Ascher NL, Emond JC. Biliary complications of reduced-

4241

24

25

26

27

28

29

30

31

organ liver transplantation. Liver Transpl Surg 1998; 4: 343-349
Chardot C, Candinas D, Mirza D, Gunson B, Davison
S, Murphy MS, Kelly D, John P, McMaster P, Mayer D.
Biliary complications after paediatric liver transplantation:
Birmingham's experience. Transpl Int 1995; 8: 133-140
Sanchez-Urdazpal L, Gores GJ, Ward EM, Maus TP,
Wahlstrom HE, Moore SB, Wiesner RH, Krom RA.
Ischemic-type biliary complications after orthotopic liver
transplantation. Hepatology 1992; 16: 49-53
Kim HK, Chung YH, Song BC, Yang SH, Yoon HK, Yu E,
Sung KB, Lee YS, Lee SG, Suh DJ. Ischemic bile duct injury as
a serious complication after transarterial chemoembolization
in patients with hepatocellular carcinoma. J Clin Gastroenterol
2001; 32: 423-427
Kemeny MM, Battifora H, Blayney DW, Cecchi G, Goldberg
DA, Leong LA, Margolin KA, Terz JJ. Sclerosing cholangitis
after continuous hepatic artery infusion of FUDR. Ann Surg
1985; 202: 176-181
Kawachi S, Shimazu M, Wakabayashi G, Hoshino K, Tanabe
M, Yoshida M, Morikawa Y, Kitajima M. Biliary complications
in adult living donor liver transplantation with duct-to-duct
hepaticocholedochostomy or Roux-en-Y hepaticojejunostomy
biliary reconstruction. Surgery 2002; 132: 48-56
Soejima Y, Shimada M, Suehiro T, Kishikawa K, Minagawa
R, Hiroshige S, Ninomiya M, Shiotani S, Harada N, Sugimachi
K. Feasibility of duct-to-duct biliary reconstruction in left-lobe
adult-living-donor liver transplantation. Transplantation 2003;
75: 557-559
Giacomoni A, Lauterio A, Slim AO, Vanzulli A, Calcagno
A, Mangoni I, Belli LS, De Gasperi A, De Carlis L. Biliary
complications after living donor adult liver transplantation.
Transpl Int 2006; 19: 466-473
Hwang S, Lee SG, Sung KB, Park KM, Kim KH, Ahn CS, Lee
YJ, Lee SK, Hwang GS, Moon DB, Ha TY, Kim DS, Jung JP,
Song GW. Long-term incidence, risk factors, and management
of biliary complications after adult living donor liver
transplantation. Liver Transpl 2006; 12: 831-838
S- Editor Liu Y L- Editor Negro F E- Editor Li JL

www.wjgnet.com

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

World J Gastroenterol 2007 August 21; 13(31): 4242-4248
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

RAPID COMMUNICATION

Common genetic variations in CLOCK transcription factor are
associated with nonalcoholic fatty liver disease
Silvia Sookoian, Gustavo Castaño, Carolina Gemma, Tomas Fernández Gianotti, Carlos Jose Pirola
Silvia Sookoian, Carolina Gemma, Tomas Fernández Gianotti,
Carlos Jose Pirola, Instituto de Investigaciones Medicas, A.
Lanari. Universidad de Buenos Aires, CONICET, Combatiente
de Malvinas 3150, 1427- Ciudad Autonoma de Buenos Aires,
Argentina
Silvia Sookoian, Gustavo Castaño, Consejo de Investigación,
GCBA, Buenos Aires, Argentina
Supported by Grant B119 (Universidad de Buenos Aires), PICT
25920 (Agencia Nacional de Promoción Científica y Tecnológica)
and PIP 5195 (Consejo Nacional de Investigaciones Científicas
y Técnicas). SS, CG and CJP belong to Consejo Nacional de
Investigaciones Científicas y Técnicas
Correspondence to: Silvia Sookoian, MD, PhD, Instituto de
Investigaciones Medicas, A. Lanari. Universidad de Buenos
Aires, CONICET, Combatiente de Malvinas 3150, 1427- Ciudad
Autonoma de Buenos Aires, Argentina. ssookoian@intramed.net
Telephone: +54-11-45148701-167 Fax: +54-11-45238947
Received: 2007-03-26
Accepted: 2007-04-27

susceptibility to NAFLD and disease severity.
© 2007 WJG . All rights reserved.

Key words: Circadian rhythm; Circadian locomoter output
cycles protein kaput; Gene variants; Haplotypes; Fatty
liver; Liver disease; Obesity; Nonalcoholic steatohepatitis
Sookoian S, Castaño G, Gemma C, Gianotti TF, Pirola CJ.
Common genetic variations in CLOCK transcription factor
are associated with nonalcoholic fatty liver disease. World J

Gastroenterol 2007; 13(31): 4242-4248

http://www.wjgnet.com/1007-9327/13/4242.asp

INTRODUCTION
Abstract
AIM: To investigate the role of gene variants and
derived haplotypes of the CLOCK transcription factor
in nonalcoholic fatty liver disease (NAFLD) and their
relation with the disease severity.
METHODS: A total of 136 patients with NAFLD and
64 healthy individuals were studied. Liver biopsy was
performed in 91 patients. Six tag SNPs showing a minor
allele frequency > 10% (rs1554483 C/G; rs11932595
A/G; rs4580704 C/G; rs6843722 A/C; rs6850524 C/G and
rs4864548 A/G) encompassing 117 kb of chromosome 4
2
and representing 115 polymorphic sites (r > 0.8) were
genotyped.
RESULTS: r s 1 1 9 3 2 5 9 5 a n d r s 6 8 4 3 7 2 2 s h o w e d
significant associations with NAFLD (empiric P = 0.0449
and 0.023, respectively). A significant association was
also observed between clinical or histologic spectrum of
NAFLD and rs1554483 (empiric P = 0.0399), rs6843722
(empiric P = 0.0229) and rs6850524 (empiric P =
0.00899) and between fibrosis score and rs1554483
(empiric P = 0.02697), rs6843722 (empiric P = 0.01898)
and rs4864548 (empiric P = 0.02697). Test of haplotypic
association showed that CLOCK gene variant haplotypes
frequencies in NAFLD individuals significantly differed
from those in controls (empiric P = 0.0097).
CONCLUSION: Our study suggests a potential role
of the CLOCK polymorphisms and their haplotypes in

www.wjgnet.com

During the past 20 years, obesity has reached worldwide
epidemic proportions, not only among adults but also
in young people, thus becoming a major contributor to
the global health burden imposed by chronic disease and
disability[1,2]. Nonalcoholic fatty liver disease (NAFLD)
is one of the most common abnormalities observed in
obese persons and refers to a wide spectrum of liver
diseases[3,4], ranging from fatty liver alone to nonalcoholic
steatohepatitis (NASH) with evidence of liver cell injury, a
mixed inflammatory lobular infiltrate, and variable fibrosis[5].
Estimates based on imaging and autopsy studies suggest
that about 20% to 30% of the adult population in Western
countries have excess fat accumulation in the liver[6].
The pathogenesis of NAFLD is multifactorial [6]
and, as a complex disease, the disorder develops from
the interplay between genes and the environment [7,8].
While it is well known that environmental risk factors
influence the development and progression of NAFLD[9],
the contribution of genetic variation to the disease
predisposition is still inconclusive despite the fact that
several genes have been suggested as potential candidates
for advanced NAFLD progression[10-14].
In addition, the ectopic accumulation of fat in the
liver has been strongly associated with metabolic factors.
For instance, insulin resistance, intra-abdominal fat and
body fat distribution appear to play an important role in
the pathogenesis of NAFLD[15]. In fact, the metabolic
syndrome is a strong predictor of NAFLD[16].
In mammals, many physiological processes, including
energy metabolism and food intake, are driven by a
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circadian timing system comprising a master pacemaker
in the suprachiasmatic nuclei of the hypothalamus and
peripheral oscillators in most body cells[17,18]. Besides, many
transcripts that participate in common metabolic pathways,
such as metabolism of glucose, cholesterol and fatty acids,
show circadian rhythmicity[19,20].
A recent report by Turek et al[21] showed that homozygous circadian CLOCK (circadian locomoter output cycles
protein kaput) mutant mice had a greatly altered diurnal
feeding rhythm, were hyperphagic and obese, and developed
a metabolic syndrome with hyperleptinemia, hyperlipidemia,
hypoinsulinemia, hyperglycemia, and hepatic steatosis.
Given the results of the aforementioned studies,
which showed that altered circadian rhythmicity resulted
in pathophysiological changes resembling metabolic
syndrome and fatty liver disease, the aim of this study was
to investigate the role of gene variants and their predicted
haplotypes of the linkage disequilibrium (LD) block of the
CLOCK gene in NAFLD in a candidate gene case-control
association study. Additionally, we tested the hypothesis of
a relation between the gene variants and disease severity.

MATERIALS AND METHODS
Subjects
A total of 136 consecutive unrelated patients of selfreported European ancestry with features of NAFLD
(36 males and 100 females), including ultrasonographic
(USG) examinations suggestive of fatty infiltration [22]
performed in all the cases by the same operator, were
included in this study. Secondary causes of steatosis,
including alcohol abuse (≥ 30 g alcohol daily for men and
≥ 20 g for women), total parenteral nutrition, hepatitis
B and hepatitis C virus infection, and the use of drugs
known to precipitate steatosis, were excluded in all cases.
By using standard clinical and laboratory evaluation as well
as liver biopsy features when applicable, autoimmune liver
disease, metabolic liver disease, Wilson’s disease, and α-1antitrypsin deficiency were likewise ruled out in all patients.
For the evaluation of the disease severity, NAFLD
cases were classified as follows: fatty liver with persistently
normal liver function test (FL-NLFT); fatty liver with
persistently abnormal liver function test (FL-ALFT);
and NASH proven through biopsy as described below.
Patients were defined to have abnormal liver function
test in the presence of at least one of the following
criteria: (1) elevated serum alanine (ALT) and/or aspartate
aminotransferase (AST), defined as > 41 U/L; (2) gammaglutamyl-transferase (GGT) > 50 U/L; and (3) alkaline
phosphatase (FA) > 250 UI/L.
Additionally, 64 healthy individuals (22 males and 42
females) with the same demographic background and who
underwent the annual health examination during the same
study period were included in the study as a control group.
All healthy controls were subjected to USG examination.
None of them evidenced fatty change, biochemical
abnormalities or features indicative of metabolic syndrome.
Physical, anthropometric and biochemical evaluation
Health examinations included anthropometric measurements, a questionnaire on health-related behaviours, and
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biochemical determinations. Body mass index (BMI) was
calculated as weight/height 2 (kg/m 2) and was used as
the index for relative weight. Additionally, waist and hip
circumferences were also assessed. Blood was drawn from
fasting subjects who had lain in a supine resting position
for at least 30 min. Serum insulin, total cholesterol, HDL
and LDL-cholesterol, triglycerides, plasma glucose and liver
function tests were measured by standard clinical laboratory
techniques. Homeostasis Model Assessment (HOMA)
was used to evaluate an insulin resistance index and was
calculated as fasting serum insulin ( µ U/mL) × fasting
plasma glucose (mmol/L)/22.5. Insulin resistance was
defined as HOMA index ≥ 2.4[23]. Elevated blood pressure
was defined as systolic arterial blood pressure (SABP) ≥ 130
mmHg and/or diastolic arterial blood pressure (DABP) ≥
85 mmHg or receipt of anti-hypertensive medications. All
the investigations performed in this study were conducted
in accordance with the guidelines of the Declaration of
Helsinki. Written consent from individuals was obtained in
accordance with the procedures approved by the Ethical
Committee of our institution.
Liver biopsies and histopathological evaluation
A percutaneous liver biopsy (LB) was performed in 91
patients with fatty changes in the liver on USG plus
persistently abnormal liver function tests (in at least 3
different determinations in a follow-up for 6 months
period). LB was performed under ultrasound guidance with
a modified 1.4-mm diameter Menghini needle (Hepafix,
Braun, Germany) on an outpatient basis. Liver biopsy
specimens were routinely fixed in 40 g/L formaldehyde (pH
7.4), embedded in paraffin and stained with hematoxylin
and eosin, Masson trichrome and silver impregnation for
reticular fibers. All biopsies were read by the same liver
pathologist who was blinded to patient details. The diagnosis
of NASH was confirmed by liver histology, and grading
of necroinflammatory activity or staging of fibrosis was
scored according to the system developed by Brunt et al[24].
NASH was defined as steatosis plus any stage of fibrosis
or as steatosis plus lobular inflammation plus ballooning
degeneration[6].
Genotype and haplotype analysis
The genetic analyses were done on genomic DNA extracted
from white blood cells by a standard method as previously
described[25].
In order to assess the contribution of Clock gene
variants to NAFLD, we selected tag SNPs (tSNPs) by using
an aggressive tagging approach to construct single marker
and multi-marker tests to capture alleles of interest[26] and
the phase Ⅱ genotyping data from the HapMap project
for Caucasians from the CEU dataset with a minor allele
frequency (MAF) ≥ 0.10 and a minimum r2 of 0.8.
Genotyping was performed by a high-throughput
genotyping method involving PCR amplification of
genomic DNA with two-tailed allele-specific primers that
introduce priming sites for universal energy-transfer-labeled
primers as previously described[27].
Statistical analysis
The PLINK software was used for assessing association
www.wjgnet.com
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Table 1 Clinical and biochemical characteristics of the study
individuals
Empiric

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; SABP and
DABP: Systolic and diastolic arterial blood pressure, respectively; HOMA:
Homeostatic model assessment; ALT and AST: Serum alanine and aspartate
aminotransferase, respectively; γGT: Gamma-glutamyl-transferase; AF:
Alkaline phosphatase. Results are expressed as mean ± SE. Nominal P value
stands for statistical significance using Student’s t test after log variable
transformation. Empiric P value stands for statistical significance adjusted for
multiple testing by Bonferoni correction. NS: Non significant.

between SNPs and affection status and quantitative traits
as well as for testing Hardy-Weinberg equilibrium and
LD measures. SNP haplotype analysis was performed by
both WHAP[28] and Haploview[29] softwares. These tools
were also used to obtain haplotype frequencies. Control
for multiple testing was done by permutation testing of
individual traits to obtain an empirical P-value.
Differences in genotype frequencies between cases
and controls were analyzed using PLINK and WHAP
softwares as previously described. Multi-marker haplotype
test was performed by Haploview software[29].
Phenotypic quantitative data were expressed as
mean ± SE. For univariate analysis, differences between
groups were assessed by Student’s t test on log-transformed
variables. The conservative Bonferroni procedure was used
for multiple testing corrections. We used the CSS/Statistica
program package, StatSoft V 6.0 (Tulsa, USA) to perform
these analyses.

RESULTS
Table 1 shows the clinical features, anthropometric
variables and laboratory findings of the cases and controls.
NAFLD patients were older and had most of the risk
factors of the metabolic syndrome: elevated BMI, waisthip ratio, waist circumference, fasting insulin level, and
HOMA index. Of 136 patients, 45 (33%) were classified as
having FL-NLFT, 35 (25.7%) as FL-ANFT, and 56 (41.2%)
www.wjgnet.com

rs6850524

rs4864548

0.001
NS
NS
NS
0.001
0.001
0.001
NS
NS
0.050
0.001
0.001
NS
NS
NS
NS
NS
0.080
0.080
NS
NS

rs6843722

P value

rs4580704

Number of subjects
64
Age, yr
46.14 ± 1.64
Smoking habit, cigarettes/d
1.58 ± 0.52
Physical activity, h/wk
1.4 ± 0.30
Drinking habits, g alcohol/d
1.72 ± 0.64
BMI, kg/m2
25.61 ± 0.64
Waist circumference, cm
84.13 ± 2.14
Waist-hip ratio
0.84 ± 0.01
SABP, mmHg
121.64 ± 1.87
DABP, mmHg
75.86 ± 1.32
Fasting plasma glucose, mmol/L
4.73 ± 0.07
Fasting plasma insulin, pmol/L
46.1 ± 3.5
HOMA Index
1.42 ± 0.12
Total cholesterol, mmol/L
5.59 ± 0.17
HDL cholesterol, mmol/L
1.27 ± 0.09
LDL-cholesterol, mmol/L
3.22 ± 0.29
Uric acid, µmol/L
220 ± 51
Triglycerides, mmol/L
1.74 ± 0.13
ALT, UI/L
24.37 ± 5.2
AST, UI/L
26.4 ± 2.0
36.50 ± 6.8
gGT, UI/L
AF, UI/L
221.87 ± 13.0

NAFLD
patients
136
55.58 ± 1.06
1.30 ± 0.75
1.4 ± 0.32
0.75 ± 0.42
36.02 ± 3.11
103.07 ± 1.42
0.91 ± 0.007
124.05 ± 2.11
78.38 ± 1.49
5.74 ± 0.22
94.5 ± 6.9
3.44 ± 0.30
5.44 ± 0.15
1.20 ± 0.05
3.11 ± 0.14
244 ± 27
2.02 ± 013
49.25 ± 5.32
36.72 ± 2.27
53.69 ± 5.32
228.90 ± 11.2

rs11932595

Control group

Block 1 (91 kb)
1
2

3

4

5

6

rs1554483

Variables

32

93
97

97
35

98

93
96

61
94

95
97

97
32

Figure 1 Linkage disequilibrium plot across the CLOCK gene. The horizontal
white line depicts the 117-kb DNA segment of chromosome 4q12 analyzed in
our sample. The 6 tagSNPs locations are indicated by hatch marks. A linkage
disequilibrium plot is depicted in the bottom part of the figure. Each diamond
represents the magnitude of LD for a single pair of markers, with colors indicating
strong LD (black, r2 = 1.0) and no LD (white, r2 = 0) as the extremes (different gray
tones indicate intermediate LD). Numbers inside the diamonds stand for D’ values.

Table 2 Tag single nucleotide polymorphisms of the CLOCK
gene genotyped in the study
NCBI SNP
1
reference
rs1554483
rs11932595
rs4580704
rs6843722
rs6850524
rs4864548

Location in the

CLOCK gene
Intron 12
Intron 10
Intron 8
Intron 7
Intron 1
Upstream

Heterozygosity
0.494
0.478
0.395
0.483
0.490
0.490

dsSNP
allele
C/G
A/G
C/G
A/C
C/G
G/A

Minor
allele
G
G
G
C
C
A

MAF
0.491
0.288
0.311
0.476
0.3557
0.478

MAF: Minor allele frequency (within the study); CLOCK: Circadian locomoter
output cycles protein kaput. 1Single nucleotide polymorphisms on NCBI
Reference Assembly.

as NASH proven through biopsy.
CLOCK gene variants
To diminish the burden of genotyping the multiple variants
present in the CLOCK gene, we selected 6 tagSNPs
showing a minor allele frequency (MAF) > 10% (rs1554483
C/G; rs11932595 A/G; rs4580704 C/G; rs6843722
A/C; rs6850524 C/G and rs4864548 G/A) encompassing
117 kb in chromosome 4. The 6 tagSNPs represent
115 polymorphic sites with an r2 > 0.8 considering the
HapMap project data (Figure 1); Table 2 illustrates the
tSNPs description. Test results from the Tagger algorithm
showed the aforementioned single-marker tags and 8
multi-marker tags capturing all SNPs of MAF ≥ 5%
(Table 3). The distribution of the genotypes was in HardyWeinberg equilibrium (data not shown).
In univariate analysis, after the multiple comparison
correction by permutation tests, there were significant
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Table 3 Association of single-tagSNP and multi-marker tag SNP
tests (haplotypes) in CLOCK with NAFLD

Table 4 Estimated haplotype frequency distributions of CLOCK
gene SNPs in the control group and in NAFLD patients

Single tagSNP

Haplotype

rs1554483
rs11932595
rs4580704
rs6843722
rs6850524
rs4864548

Associated Frequency OR (95% CI) Empiric
allele
P value
G
0.491
1.51 (0.93-2.45) 0.0599
A
0.712
1.65 (1.10-2.47) 0.0449
C
0.688
1.03 (0.68-1.55) 0.99
C
0.476
1.70 (1.05-2.76) 0.0239
G
0.643
1.40 (0.85-2.29) 0.1458
A
0.478
1.54 (0.95-2.50) 0.0779

Multi-marker
Associated Frequency OR (95% CI) Empiric
tagSNP test
haplotype
P value
rs11932595, rs6850524
AC
0.315
0.88 (1.55-1.41) 0.91
GC
0.039
0.32 (0.10-0.94) 0.099
rs4580704, rs4864548
CA
0.477
1.55 (0.99-2.44) 0.1066
GG
0.307
0.90 (0.56-1.46) 0.8764
CG
0.212
0.62 (0.37-1.07) 0.119
rs4580704, rs6843722
CA
0.213
0.58 (0.34-0.98) 0.0792
rs4580704, rs6850524
GC
0.300
0.90 (0.56-1.47) 0.939
rs6850524, rs4864548
GG
0.171
0.81 (0.46-1.45) 0.806
Empiric P values were obtained by adjusting nominal P values for multiple
testing by permutation test.

differences in the allele frequency of the rs11932595
and rs6843722 between the control group and NAFLD
patients (empiric P = 0.0449 and 0.0239, respectively).
The test results for the multi-marker analysis showed
that rs11932595/rs6850524 (haplotype GC) and
rs4580704/rs6843722 (haplotype CA) were significantly
associated with NAFLD (nominal P = 0.0424 and 0.0373,
respectively). However, permutation testing to correct for
the multiple hypothesis yielded a non-significant empirical
P value for these comparisons (P = 0.099 and 0.0792,
respectively) (Table 3).
When we tested the hypothesis of a relation between
the gene variants and the clinical and histologic spectrum
of NAFLD (disease severity), a significant association was
observed with rs1554483 (empiric P = 0.039), rs6843722
(empiric P = 0.0229) and rs6850524 (empiric P = 0.00899).
Moreover, in the multi-marker analysis, a significant
association was observed for rs11932595/rs6850524
(haplotype AC, empiric P = 0.04858 and haplotype
GC, empiric P =0.0143) and for rs4580704/rs4864548
(haplotype CA, empiric P = 0.0248).
Besides, when we analyzed the allele frequencies of
tSNPs in patients with NASH, we observed a significant
association with the overall fibrosis score of the disease
and rs1554483 (empiric P = 0.02697), rs6843722 (empiric
P = 0.01898) and rs4864548 (empiric P = 0.02697).
However, no association was obser ved between the
necroinflammatory grade and the tSNPs.
Using the WHAP software, we further evaluated the
LD pattern for the aforementioned tSNPs. The estimation
of haplotypes from genotype data showed 5 possible
combinations covering 94.8% of the common haplotypes
with a frequency higher than 0.01 (Table 4). In the omnibus
test of haplotypic association, we observed that CLOCK
gene variant haplotypes frequencies in NAFLD individuals
significantly differed from those in control subjects (empiric
P = 0.0097). Haplotypes GACCGA and CGCACG explain

GACCGA
CAGACG
CGCAGG
GGCCGA
CGCACG

Control group NAFLD patients
(n = 128)
(n = 272)
0.275
0.433
0.363
0.309
0.160
0.147
0.118
0.088
0.084
0.024

OR (95% CI) Empiric P
level
1.82 (1.22-2.70)
0.00562
0.89 (0.54-1.49)
0.316
0.84 (0.46-1.53)
0.737
0.73 (0.35-1.54)
0.371
0.27 (0.09-0.83)
0.00902

NAFLD: Non-alcoholic fatty liver disease. Haplotypes are composed by
variants of rs1554483, rs11932595, rs4580704, rs6843722, rs6850524 and
4864548 in that order. n: Number of chromosomes examined. P value for
overall comparison by χ2 test.

much of the global effect (Table 4).
Trying to dissect the association signal, we performed
an analysis to control for individual markers one by one.
We observed that no single tag SNP could explain the
entire omnibus test results. By analyzing paired haplotypes,
we observed that most of the paired haplotypes composed
by tSNPs rs1554483, rs11932595, rs6850524 and
rs4864548 were significantly associated with NAFLD (data
not shown). Furthermore, the haplotype GAGA of these
four tSNPs was significantly associated with NAFLD (OR:
2.13, 95% CI: 1.33-3.44, nominal P = 0.0011, empirical
P = 0.00849).

DISCUSSION
We examined the genetic influence of the gene variants and
haplotypes of the LD block of the CLOCK transcription
factor in a case-control study of NAFLD, and found that,
in the analysis of individual markers, rs11932595 and
rs6843722 were significantly associated with the disease
being rs11932595A and rs6843722C allele carriers 1.6-fold
more likely to have NAFLD in comparison with noncarriers. Moreover, we observed that CLOCK gene variant
haplotypes frequencies in NAFLD individuals significantly
differed from those in control subjects, indicating that
either the GACCGA haplotype confers a 2-fold increase
in the risk of suffering from NAFLD. Conversely, the
CGCACG haplotype seems to confer a 3-fold protection
against NAFLD, although the results from less frequent
haplotypes should be taken with caution. By analyzing
paired haplotypes, we observed that most of the paired
haplotype composed by tSNPs rs1554483, rs11932595,
rs6850524 and rs4864548 were significantly associated with
NAFLD. Furthermore, the haplotype GAGA of these
four tSNPs was significantly associated with NAFLD,
indicating that subjects carrying this haplotype are more
than twice as likely to have NAFLD in comparison with
non-carriers.
Additionally, we evaluated the role of the gene
variants in the disease severity and observed a significant
association between the clinical or histological spectrum
of NAFLD and the rs1554483, rs6843722 and rs6850524
tag SNPs.
Finally, the haplotype analysis revealed a significant
association with the NAFLD, while no specific association
www.wjgnet.com
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signal for any single tSNPs could explain this positive
result. This observation seems to indicate the presence of
un-typed causal variants associated with the disease.
To our knowledge, the potential contribution of
CLOCK to the NAFLD susceptibility and severity has
not been elucidated in humans and our study is probably
the first to provide evidence of association to the disease.
However, previous evidence in a mice model carrying a
loss-of-function mutation in the CLOCK gene supports
our findings as the animals develop adipocyte hypertrophy
and excessive accumulation of fat in the liver[21].
The CLOCK gene encodes a basic helix-loop-helix
transcription factor that is essential for the circadian
rhythm[30]. The circadian clock system located within the
hypothalamic suprachiasmatic nucleus orchestrates the
cascade of events in the central nervous system (CNS) that
controls timing of food intake and metabolic processes
as well as other physiological rhythms [31] . Circadian
and metabolic processes are also regulated by CLOCK
genes in peripheral tissues, particularly those involved in
nutrient homeostasis such the liver[32]. Furthermore, in the
mammalian circadian hierarchy, the liver may be primarily
coupled to the CNS through rhythmic behaviour, such as
feeding[32].
Despite the fact that the molecular mechanisms
underlying our observations are unknown, one possible
explanation is that the gene variants in the CLOCK gene
may lead to altered gene expression not only in the CNS but
also in the liver.
Recently published findings about the role of gene
variation on gene expression strengthen the hypothesis that
variation in DNA sequence may contribute to individual
differences in quantitative traits and disease susceptibility[33].
Interestingly, among 1097 genes and about 2 million SNPs
tested for differences in expression phenotypes, CLOCK
is listed as showing significant differences among ethnic
groups, mostly owing to genetic variation in conserved noncoding regions[34].
It is not clear why some persons develop simple steatosis,
whereas others progress to severe cirrhosis. However, the
fact that NASH is observed only in a fraction of patients
with NAFLD clearly suggests a genetic predisposition. We
observed that when we divided the NAFLD patients into
categories of cases according to the clinical or histologic
spectrum, a significant association was seen between the
disease progression and the above-mentioned tSNPs
(rs1554483, rs6843722 and rs6850524). Furthermore, tSNPs
were significantly associated with the fibrosis score of the
disease.
Although association does not necessarily mean a
causal-relation, in this case, several lines of evidence
support the relation between the CLOCK gene variants
and NAFLD severity. For instance, a comprehensive and
quantitative approach surveying the diurnal expression
profiles of 49 mouse nuclear receptors (NRs) in white and
brown adipose tissue, and liver and skeletal muscle revealed
that 25 of 45 expressed NRs showed a rhythmic cycle[35].
Hence, the dynamic circadian changes in NRs expression
may offer a logical explanation for our findings. Some
of these NRs have already been reported to be involved
in the pathogenesis of NASH (i.e. nuclear peroxisome
www.wjgnet.com
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proliferator-activated receptors, PPARs) or in promoting
liver fibrosis (i.e. retinoic acid and farnesoid X receptor)[36].
Not surprisingly, it was shown that the retinoid receptors
can interact with CLOCK and an ortholog of CLOCK in a
hormone-dependent manner[37]. Additionally, PPARγ is one
of the metabolic transcription factors closely related to the
coupled feedback pathway of the circadian oscillators[38].
Lastly, activation of hepatic stellate cells (HSC) from
lipid-storing pericytes to myofibroblastic cells constitutes
a major cellular event in the genesis of liver fibrosis. It has
recently been shown that putative adipogenic transcription
factors are expressed in quiescent HSC. Many of these
factors are under the control of PPARγ and sterol response
element-binding proteins (SREBP-1) [39]. Interestingly,
among the transcription factors of the CLOCK machinery,
SREBP was shown to play an important role in the circadian
organization of the liver transcriptome[40].
In summary, genetic factors contribute to virtually
every human disease by conferring susceptibility or
resistance, affecting the severity or progression of disease,
and interacting with environmental factors that modify
disease course and expression. Our study suggests a
potential role of the CLOCK gene variants and their
related haplotypes in increased susceptibility to NAFLD
and disease progression. Understanding how the reported
variants located in different introns can affect the Clock
function may require additional studies. However, it is
worth mentioning that even robust genetic findings cannot
always be readily explained at a functional level; however
they are seeds for future research[41].
We hope our study can serve as a primer since further
research is needed to confirm and extend the current
findings in a larger population so as to reveal the intimate
mechanism by which the CLOCK variants may lead to the
mentioned phenotype.

COMMENTS
Background

The pathogenesis of NAFLD is multifactorial and, as a complex disease, the
disorder develops from the interplay between genes and environment. In
mammals, many physiological processes are driven by a circadian timing system
comprising a master pacemaker in the suprachiasmatic nuclei of the hypothalamus
and peripheral oscillators in most body cells. Besides, many transcripts that
participate in common metabolic pathways, such as metabolism of glucose,
cholesterol and fatty acids, show circadian rhythmicity

Research frontiers

The present study examined the genetic influence of the gene variants and
haplotypes of the LD block of the CLOCK transcription factor in a case-control
study of nonalcoholic fatty liver disease. The role of common polymorphisms in the
abovementioned gene as indicators of disease risk is discussed.

Innovations and breakthroughs

It is known that while the majority of patients with risk factors, such as obesity or
insulin resistance, develop hepatic steatosis, only a minority progress to a more
advanced liver disease (steatohepatitis or cirrhosis). Therefore, it is important to
be able to identify individuals with fatty liver for intervention before this condition
progresses. Recent advances in functional genomics are providing us great
opportunities to decipher the interconnecting networks of genes, proteins, and
metabolites. The use of candidate gene approach found CLOCK gene variants to
be associated with an increased risk of NASH and also an important role in the
progression of the disease.

Sookoian S et al . CLOCK variants and fatty liver

4247

Applications

The elucidation of genetic risk factors for nonalcoholic fatty liver disease will allow
development of susceptibility testing for disease prediction, particularly important
for high-risk individuals.
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Terminology

Linkage disequilibrium (LD) is a term used in the study of population genetics
for the non-random association of alleles at two or more loci, not necessarily on
the same chromosome. Tag SNPs is a representative SNPs in a region of the
genome with high linkage disequilibrium. It is possible to identify genetic variation
without genotyping every SNP in a chromosomal region. Tagger is a tool for the
selection and evaluation of tag SNPs from genotype data, such as that from the
International HapMap Project. Aggressive tagging approach is searching for
multimarker predictors as effective surrogates for single tag SNPs using the webbased service of the Tagger computer program. r2 is the minimal coefficient of
determination at which all alleles are to be captured. WHAP program is a method
for testing SNP haplotype associations with qualitative and quantitative traits in
samples of individuals with or without parental genotype data. Basic-helix-loophelix is a protein structural motif that characterizes a family of transcription factors.
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This study is well conceived, well done and well presented.
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Abstract
AIM: To investigate the role of p38 mitogen-activated
protein kinase (p38MAPK) in murine experimental
autoimmune hepatitis (EAH).
METHODS: To induce EAH, the syngeneic S-100 antigen
emulsified in complete Freud's adjuvant was injected
intraperitoneally into adult male C57Bl/6 mice. Liver
injury was assessed by serum ALT and liver histology.
The expression and activity of p38 MAPK were measured
by Western blot and kinase activity assays. In addition,
DNA binding activities of nuclear factor kappa B (NF-κB)
were analyzed by electrophoretic mobility shift assay. The
effects of SB203580, a specific p38 MAPK inhibitor, on
liver injuries and expression of proinflammatory cytokines
(interferon-γ, IL-12, IL-1β and TNF-α) were observed.
RESULTS: The activity of p38 MAPK and NF-κB was
increased and reached its peak 14 or 21 d after the first
syngeneic S-100 administration. Inhibition of p38 MAPK
activation by SB203580 decreased the activation of
NF-κB and the expression of proinflammatory cytokines.
Moreover, hepatic injuries were improved significantly
after SB203580 administration.
CONCLUSION: p38 MAPK and NF-κB play an important
role in an animal model of autoimmune hepatitis (AIH)
induced by autoantigens.
© 2007 WJG . All rights reserved.

Key words: Autoimmune hepatitis; p38 mitogen-activated
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INTRODUCTION
Autoimmune hepatitis (AIH) is a predominant periportal
hepatitis with hypergammaglobulinemia and tissue
autoantibodies, which is responsive to immunosuppressive
therapy in most cases [1] . Experimental autoimmune
hepatitis (EAH) shares several features with human AIH
periportal hepatitis[2], such as lymphocytic infiltrates[3,4], T
cell reactivity to liver antigens[3], autoantibody production[5],
a n d r e s p o n s e t o i m mu n o s u p p r e s s ive t h e r a p y [ 6 ] .
Experiments on EAH in inbred mice could give valuable
information on effector cells and regulatory phenomenon
in liver-specific immune reactions, while they could not
induce a chronic relapsing AIH[7].
p38 MAPK, a stress-activated serine/thionine
protein kinase that belongs to the the mitogen-activated
protein kinase (MAPK) superfamily, is expressed
ubiquitously, with high levels in the liver, spleen, thyroid,
placenta, bone marrow, and leukocytes [8]. p38 MAPK
activation is involved in the pathogenesis of human
autoimmune diseases, including sialoadenitis of Sjögren
syndrome[9], rheumatoid arthritis[10], inflammatory bowel
disease [11] and autoimmune renal injury in systemic
lupus er ythematosus [12] . Activation of p38 MAPK
may contribute to the pathogenesis of autoimmune
diseases via the activation of the signal transduction and
expression of cytokines and chemokines[12]. In liver, there
is evidence that highlights a central role of MAPK family
in several effects of ethanol[13] and hepatitis viruses such
as hepatitis B, C and E viruses [14]. Recently, Tsutsumi
et al[15] showed that HCV core protein activates ERK and
p38 MAPK cooperatively with ethanol and modulates the
expression of several genes related to cell transformation,
cell cycle, and antioxidants in a mouse model of HCVassociated hepatocyte carcinoma. Interestingly, Gilbert
et al [16] reported that trichloroacetaldehyde, one of the
major metabolites of trichloroethylene, promotes T-cell
activation via stimulation of MAPK pathway. It has been
shown previously by the same group that MRL+/+
www.wjgnet.com
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mice exposed to trichloroethylene in their drinking water
develop lupus-like symptoms and AIH[17].
In the present study, we investigated the activation of
p38 MAPK signaling pathway as well as nuclear factorκ B in the liver of a murine experimental model of
autoimmune hepatitis induced by hepatic S100 antigen
in complete Freund’s adjuvant. We further examined the
protective effects of SB203580, a specific inhibitor of p38
MAPK, on the expression of proinflammatory cytokines,
such as IFN-γ, IL-12, IL-1β, TNF-α in this model.

MATERIALS AND METHODS
Antigen preparation and induction of EAH
Fresh liver antigens from syngeneic animals were prepared
after perfusion of livers with phosphate-buffered saline
(PBS) as described previously [3,6] . Briefly, livers were
homogenized on ice. After 10 min of centrifugation at
150 × g, supernatant was collected and re-centrifuged for 1
h at 100 000 × g. The remaining supernatant was used for
immunization (called S100).
EAH was induced as described previously[3,6] with a
minor modification. Freshly prepared syngeneic S-100
antigen at a dose of 0.5-2 mg/mL in 0.5 mL PBS
emulsified in an equal volume of complete Freund’s
adjuvant (CFA, Sigma-Aldrich, St. Louis, MO, USA) was
injected intraperitoneally. All visible portal tracts of a liver
section were evaluated by a pathologist in a blinded fashion
and graded as 0: normal histomorphology, 1: minor
inflammatory infiltrates with occasional liver cell necrosis,
2: moderate liver damage with inflammatory infiltrates and
focal necroses, and 3: extensive infiltrates in portal tracts
and lobules accompanied with diffusely distributed liver
cell necroses. At least two separate sections were assessed
per liver[2,3]. Serum alanine aminotransferase (ALT) levels
were measured with an autoanalyzer.
Adult (age 5-7 wk) male wild type C57BL-6 mice
(5-7 wk old) were obtained from the Central Animal
Experimentation Facility of Renji Hospital, Shanghai
Second Medical University (SSMU). All mice were
maintained in a temperature- and light-controlled facility,
and had free access to water and pellet chow. We observed
the expression of phosphorylated p38 MAPK and NF-κB
in mouse liver taken on d 1, 3, 7, 14, 21, 28 after
immunization. Three mice were sacrificed at each time
point. For p38 MAPK inhibition experiments, SB 203580
(Calbiochem, Shanghai, China, 10 µ mol/kg) in 3% of
DMSO was injected intraperitoneally (i.p.) daily into
the mice. The mice were then killed after 14 d to obtain
serum and liver tissue. The control mice were injected
with vehicle (3% DMSO) or PBS. All animal experiments
fulfilled the SSMU criteria for humane treatment of
laboratory animals.
Western blot analysis
Cytoplasmic and nuclear protein extracts from liver were
prepared with the NE-PER® nuclear and cytoplasmic
extraction reagent kit (Pierce, Beijing, China) according to
the manufacturer’s instructions. To minimize proteolysis,
all buffers contained protease inhibitor cocktail (Roche,
Shanghai, China). Protein concentration was determined
www.wjgnet.com
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by Bradford assay (Bio-Rad, Hercules, CA, USA). Equal
amounts of proteins (30-50 µg) were separated by SDSPAGE (10% running, 4% stacking gel) and transferred
to PVDF membranes (Millipore, Bedford, MA, USA)
in 192 mmol/L glycine, 25 mmol/L Tris, and 10%
methanol. Nonspecific sites on membranes were blocked
with 5% BSA in TBST overnight at 4℃. The membrane
was incubated overnight at 4℃ with a rabbit polyclonal
antibody to phospho-p38 (Cell Signaling Technology Inc,
MA, USA) at a dilution of 1:1000 followed by horseradish
peroxidase-coupled donkey anti-rabbit Ig antibody
(Santa Cruz Biotechnology, Santa Cruz, California, USA)
at a dilution of 1:3000. Signals were detected using
ECL Western blotting detection reagents (Amersham
Bioscience, Castle Hill, Australia). The membrane was then
stripped using Immuno pure IgG elution buffer (Pierce,
Bejing, China) and reprobed with an antibody specific for
total p38 (Cell Signaling Technology, Hong Kong, China).
Signal intensity was quantified using a gel documentation
system (Fluor-S-MultiImager and Quantity one software
version 4.1, Bio-Rad). The level of total p38 served as an
internal standard for protein loading and transfer.
Immunoprecipitate kinase activity assay for p38 MAPK
Intracellular p38 MAPK activity was detected using p38
MAP kinase assay kit (Cell Signalling Technology). Equal
amounts of cytoplasmic protein from each group were
used for the immunoprecipitation procedures. Fifteen
microliters of anti-phospho-p38 monoclonal antibody
immobilized by cross-linkage to agarose hydrazide beads
was added to each lysate and incubated overnight at 4℃.
The immune complexes were collected by centrifugation
and then washed extensively on the following day.
Immunoprecipitates were resuspended in 25 µ L of
kinase buffer supplemented with 200 µmol/L ATP and
2 µg ATF-2 fusion protein (Cell Signaling Technology)
and incubated for 1 h at 30℃. After incubation, the
reaction was terminated using Laemmli buffer (62.5
mmol/L Tris–HCl, pH 6.8, 10% glycerol, 2% SDS,
5% β -mercaptoethanol). The samples were boiled for
5 min and loaded onto a 10% SDS-polyacrylamide gel
and probed with anti-phospho-ATF-2 rabbit polyclonal
antibody (Cell Signaling Technology, 1:1000).
Electrophoretic mobility shift assay
DNA binding activity of NF- κ B was determined by
electrophoretic mobility shift assay (EMSA) with Gel
shift assay systems (Promega, Beijing, China), according
to manufacturer’s instr uctions. Double-stranded
oligonucleotides containing the consensus sequence
for NF- κ B/DNA binding site (5'-TAGTTGAGGGG
ACTTTCCCAGG-3') were radiolabeled with [ γ -32 P]ATP (Amersham Biosciences, Little Chalfont, Bucks,
UK). After purification over a Sephadex G-25 column
(Amersham Biosciences), 32P-labeled oligonucleotides
(20 000 r/min) were incubated with nuclear extracts at
room temperature for 20 min in binding buffer containing
12 mmol/L HEPES (pH 7.9), 4 mmol/L Tris HCl (pH
7.9), 60 mmol/L KCl, 1 mmol/L EDTA, 1 mmol/L DTT,
1 mmol/L PMSF, 12% glycerol, 5 µg of BSA, and 2 µg of
poly (dI/dC) poly (dI/dC) (Amersham Biosciencs). DNA-
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protein complexes were separated in 6% nondenaturing
polyacrylamide gel. Signals were visualized by exposing the
dried gel to X-ray film.
Northern blot analysis
Total RNA was isolated from whole murine liver tissue by
the guanidinium isothiocyanate/cesium chloride procedure.
Complementary DNA probes were obtained by reverse
transcriptase-polymerase chain reaction (RT-PCR) with
specific primers, labeled with [α-32P] dCTP by random
priming (Megaprime DNA labeling system, Amersham
Biosciences). The sequences of the oligonucleotide
primers used for PCR were designed using Primer 5.0
software as follows: mouse IFN-γ sense: 5'-AGCGGC
T G AC T G A AC T C AG AT T G T AG - 3 ' , a n t i s e n s e :
5'-GTCACAGTTTTCAGCTGTATAGGG-3', mouse
IL-12 p40 sense: 5'-CAGAAGCTAACCATCTCCTGG
T T T G - 3 , a n t i s e n s e : 5 ' - T C C G G AG T A A T T T G
G T G C T T C AC AC - 3 ' , m o u s e I L - 1 β s e n s e p r i m e :
5'-GCAACTGTTCCTGAACTCA-3', antisense prime:
5'-CTCGGAGCCTGTAGTGCAG-3', mouse TNF α
sense prime: 5'-GGCAGGTCTACTTTG GAG TCA
TTG C-3', antisense prime: 5'-ACATTCGAGGCTC
CAGTGAATTCGG-3', mouse β -actin sense prime:
5'-TGGAATCCTGTGGCATCCATGAA, antisense
prime: 5'-TAAAACGCAGCTCAGTAACAGTCCG
-3'. Thirty cycles of amplification were perfor med:
denaturation at 94℃ for 60 s, annealing at 57℃ for
60 s, and extension at 72℃ for 60 s. The identity of
PCR products was confirmed by direct sequencing. For
Northern blots, 10 μ g of total RNA was fractionated
on 1.2% formaldehyde-agarose gels and blotted onto
Hybond-N+ nylon membranes (Amersham Biosciences),
which were hybridized separately with individual probes
overnight at 45℃ in a solution containing 50% formamide,
5 × SSC, 2.5 × Denhardt's solution, 25 mmol/L sodium
phosphate buffer (pH 6.5), 0.1% SDS, and 250 µg/mL
salmon sperm DNA. All Northern blots were subjected to
stringent washing conditions prior to autoradiography with
intensifying screen at -80℃ for 2-7 d. Cytokine mRNA
expressions were normalized to internal standards for 2
different constitutively expressed mRNAs (β-actin).
Statistical analysis
All data were expressed as mean ± SE. Differences
between groups were assessed by one way ANOVA
analysis. P < 0.05 was considered statistically significant.
All analyses were performed using the Statistical Package
for the Social Sciences (SPSS) statistical software for
Windows, version 101.4 (SPSS Inc., Chicago, IL, USA).

RESULTS
Activation of p38 MAPK and NF-κB in EAH
In the current study, we observed the activation of p38
MAPK on d 1, 3, 7, 14, 21, 28 after the first immunization.
The expression of phospho-p38 MAPK was progressively
increased after injection of syngeneic S-100 antigen and
reached its peak on d 14 to 21 after the first immunization
(Figure 1A). The expression of total p38 MAPK,
however, remained constant (Figure 1B), indicating that
the activity of p38 MAPK was increased. To confirm our
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Figure 1 Increased activity of p38MAPK and NF-κB in EAH liver. A: Expression
of phosphor-p38 MAPK protein by Western blot in whole liver extract; B:
Expression of total p38 MAPK protein by Western blot in whole liver extract; C:
Immunoprecipitate kinase activity assays of p38 MAPK; D: Electrophoretic mobility
shift assay of NF-κB DNA binding activity using nuclear protein extracts from
EAH liver.

finding, we also determined the activity of p38 MAPK
by immunoprecipitate kinase activity assay. As shown
in Figure 1C, the p38 MAPK activity was increased and
reached its peak on d 14 to 21 after administration of
syngeneic S-100 antigen. These results showed that p38
MAPK activity was increased in mouse liver after IAH was
induced by auto-antigens.
NF-κB DNA binding activity increased significantly
after treatment with syngeneic S-100 antigen and reached
its peak on d 21 after the first immunization (Figure 1D),
consistent with that of p38 MAPK.
Suppression of p38 MAPK and NF-κB activities in EAH by
SB203580
Because the activity of p38 MAPK and NF-κB was increased
in mice with EAH, we tried to find whether SB203580,
a specific p38 MAPK inhibitor, would reduce their
activity and whether SB203580 would improve hepatic
inflammation in this model. SB203580 significantly
reduced the activity of p38 MAPK as reflected by reduced
phosphor-ATF-2 in immunoprecipitate kinase activity
assay (Figure 2A). Similarly, the DNA binding activity of NFκB also decreased significantly in SB203580-treated group.
Reduction in expression of pro-inflammatory cytokines
after SB 203580 treatment
Since Th1 cytokines play a main role in adult [20] and
children patients[21] with typeⅠAIH, we investigated the
expression of Th1 cytokine mRNA in the setting of
SB203580 treatment which significantly reduced IFN-γ,
IL-12, TNF-α and IL-1β expression in livers of EAH
mice. Our results showed that Th1 cytokines (IFN- γ ,
IL-12, IL-1β) and TNF-α mRNA were up-regulated in
EAH (Figure 3).
Improvement in hepatic inflammation and injury in EAH
after SB203580 treatment
We obser ved the effect of SB203580 on he patic
inflammation in this animal model. After given syngeneic
www.wjgnet.com
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Figure 3 Effects of SB203580, a specific p38 MAPK inhibitor, on the expression
of proinflammatory cytokines. Northern blot of IFN-γ, IL-12, IL-1β and TNF-α from
total liver RNA isolated from normal control, EAH mice treated with PBS, DMSO,
and SB203580, respectively. The same blot was striped and reprobed with β-actin
as an internal loading control.

EAH
+ SB203580

Figure 2 Effects of SB203580, a specific p38 MAPK inhibitor, on the activation
of p38 MAPK and NF-κB 14 d after the first immunization. A: Representative
immunoprecipitate kinase activity assays of p38 MAPK using protein extracts from
normal control, EAH mice treated with PBS, DMSO, and SB 203580, respectively;
B: Western bolt of total p38 MAPK; C: Representative electrophoretic mobility shift
assays of NF-κB DNA binding activity using nuclear protein extracts from liver of
the 4 study groups as in A.

S-100 antigen, the mice developed perivascular infiltrates
as well as intralobular inflammatory and necrotic lesions
(Figure 4A). SB203580 significantly attenuated perivascular
infiltrates as well as intralobular inflammation or necrosis
(Figure 4B). The severity of inflammation as reflected by
histological inflammation score was markedly decreased
from 2.0 ± 0.18 in the control group to 1.4 ± 0.18 in the
SB203580-treated group (Figure 4C). SB203580 decreased
the serum ALT level from 116 ± 14 U/L in PBS control
group and 103 ± 11 U/L in vehicle control group to 75 ±
10 U/L in SB203580-treated group (Figure 4D). DMSOtreated animals did show the same histological picture of
typical EAH as PBS- treated animals.

DISCUSSION
Our previous study and other studies showed that
intraperitoneal injection of hepatic S100 antigen causes
inflammatory cell infiltration and hepatocelluar injury,
which was accompanied with a mild increase in alanine
aminotransferase (ALT) level, and peaked at 4 wk after the
first immunization[3,18,19].
In this study, we investigated the role of p38 MAPK in
an animal model of autoimmune liver injury. The activation
of p38 MAPK signaling pathway was up-regulated in
experimental autoimmune hepatitis, and the inhibition of
p38 MAPK reduced hepatic inflammation and injury. The
protection against hepatic injury induced by p38 MAPK
was associated with a diminished expression of NF-κB
and Th1 cytokines (IFN- γ , IL-12, IL- β and TNF- α )
known to promote hepatic injury in AIH, showing that
www.wjgnet.com

EAH
+ PBS

activation of p38 MAPK plays an important role in
promoting cytokine/chemokine production, which in turn
results in autoimmune hepatic injury in EAH.
The p38 MAPK signaling transduction pathway plays
an essential role in regulating many cellular processes,
including inflammation, cell differentiation, cell growth
and death[22]. Activation of the p38 MAPK pathway plays
an essential role in the production of proinflammatory
cytokines [23] . By early discover y of the p38 MAPK
signaling pathway, specific inhibitors of p38 MAPK
could be identified. Pyridinyl imidazole compounds
were found to inhibit the production of TNF- α and
IL-1 in lipopolysaccharide (LPS)-stimulated cells. These
compounds can bind to a protein that has been proved
to be p38 MAPK [24] . The most widely used agents
are SB203580 and SB202190. Because inhibiting p38
MAPK suppresses production of key mediators, it is an
obvious target for the treatment of chronic inflammatory
disease[25]. In addition, MAP kinases play an important
role in immune responses from the innate to the adaptive
immune system, from the initiation of immune responses
to activation-induced cell death[26]. Recently, Hollenbach
and collegues[11] found that SB203580 improves the clinical
score, ameliorates histological alterations, and reduces
mRNA levels of proinflammatory cytokines in dextran
sodium sulphate (DSS)-induced experimental colitis
model of mice. These results suggest that p38 MAPK
is a therapeutic target for autoimmune diseases. In our
study, the activation of p38 MAPK was found to increase
in a time-dependent manner in mice with experimental
autoimmune hepatitis, and reached its peak on d 14 after
the first syngeneic S-100 administration, preceding that of
histological lesions (about at 4 wk). Furthermore, inhibition
of p38 MAPK activity by SB203580 administration could
decrease the serum ALT level and improve hepatic lesion
significantly. As expected, SB203580 ccould also inhibit
the expression of Th1 proinflammatory cytokines (IFN-γ,
IL-12, IL-1β and TNF-α), which are the key cytokines
in inflammatory response. These results suggest that
activation of p38 MAPK is one of the initial pathogenic
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Figure 4 Effects of SB203580,
a specific p38 MAPK inhibitor, on
hepatic inflammation in EAH. A:
Representative histology of control
animals after standard induction of
EAH showing portal inflammation
(grade 2); B: Representative histology
of animals treated with SB203580
after standard induction of EAH
showing significantly reduced portal
inflammation (grade 1); C: Average
histological inflammation grade score
for PBS, DMSO and SB203580
treated animals after standard
induction of EAH (aP < 0.05 between
PBS and SB203580 treated animals);
D: Serum alanine transaminase (ALT)
levels in PBS, DMSO and SB203580
treated animals after standard
induction of EAH (aP < 0.05 between
PBS and SB203580 treated animals).
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factors for autoimmune liver injury and its inhibition
provides a novel therapeutic strategy.
It was reported that Th1cytokines play a main role
in the pathogenesis of typeⅠAIH[20,21,27]. Hussain et al[28]
showed that TNF- α and IFN- γ producing cells are
detectable in inflammatory cell infiltrates, revealing a
significant correlation between the frequency of TNF-α
and IFN-γ producing cells, the intensity of inflammatory
cell infiltrates and transaminase level. Recently, Chernavsky
et al[21] showed that expression of IFN-γ and IL-12 is up
regulated in liver, but is not detectable in control liver. In
addition, Czaja et al[29] and Cookson et al[30] demonstrated
that patients with type 1 AIH have a higher frequency than
those with a normal TNF gene polymorphism associated
with increased transcription of TNF-α. Patients with such
a polymorphism have a lower frequency of remission
during corticosteroid therapy and a higher occurrence of
treatment failure and cirrhosis. Our results indicate that
inhibition of the expression of Th1 cytokines could result
in remission of EAH.
NF- κ B is a pivotal transcription factor for the
regulation of many g enes, par ticularly those for
inflammatory and immune responses, including IL1 β , IL-12 and TNF- α [31,32]. Because a large variety of
stimulations activate NF-κB and the transcription factor
regulates the expression of inflammatory cytokines,
chemokines, immunoreceptors, and cell adhesion
molecules, NF-κB is often termed a central mediator of
human immune response [33]. It has been reported that
inhibition of NF-κB activation in vivo, using a selective
proteasome inhibitor, attenuates chronic inflammation in
experimental models of Crohn’s disease and rheumatoid
arthritis[34,35]. Previous studies have clearly demonstrated
that NF-κB might be an effector of p38 MAPK[36]. We
found that NF-κB activation was also induced in mice

DMSO

SB203580

with EAH, and reached its peak a little later than p38
MAPK. Furthermore, inhibition of p38 MAPK activation
could reduce the activation of NF-κB, suggesting that p38
MAPK upregulation promotes release of inflammatory
cytokines via a NF-κB-dependent mechanism in autoimmune
liver injury.
In summary, p38 MAPK plays an important role in
liver injury induced by autoimmunity, and inhibition of
p38 MAPK attenuates EAH, thus providing a biochemical
basis for the potential of using specific inhibitors of p38
MAPK for treating autoimmune hepatitis.
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INTRODUCTION
Abstract
AIM: To investigate whether Epigallocatechin-3-gallate
(EGCG) can induce apoptosis of the gastric cancer cell
line MKN45 and its apoptotic pathway.
METHODS: To determine this, apoptotic rates of MKN45
cells after EGCG treatment with or without caspase-3
inhibitor were evaluated by Annexin V-FITC + PI staining
The influence of EGCG on the activity of caspase-3
in the MKN45 cells was determined by ELISA. By
Rhodamine123 staining, the membrane potential change
of the mitochondrion was also investigated, and mRNAs
and protein expression of the bcl-2 family were analyzed
by RT-PCR and Western blot.
RESULTS: EGCG can induce apoptosis of MKN45 cells
in time- and dose-dependent manner. Eight hours
after EGCG treatment, the activity of caspase-3 in the
MKN45 increased, especially 12 h after treatment. The
mitochondrial membrane potential was significantly
weakened 4 h after EGCG insult. The mRNA and protein
expression levels of pro-apoptotic members, such as Bax,
Bid and Bad, were upregulated gradually as treated time
increased. Moreover, the mRNA and protein expression
levels of anti-apoptotic members, such as Bcl-xL and
Bcl-2, were inhibited.
CONCLUSION: These data support that EGCG can
induce apoptosis of the human gastric cancer cell line
MKN45, and the effect is in a time- and dose-dependent
manner. The apoptotic pathway triggered by EGCG in
MKN45 is mitochondrial-dependent.
© 2007 WJG . All rights reserved.
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Epigallocatechin-3-gallate is the main monomer in green
tea polyphenol; the others are Epigallocatechin (EGC),
Epicatechin-3-gallate (ECG) and Epicatechin (EC). Many
studies have shown green tea polyphenolic compounds
could inhibit tumor growth and metastasis both in vivo
and in vitro[1,2]. It has a wide range of target organs, such as
skin, lung, esophagus, stomach, duodenum and colon, liver, pancreas, bladder and prostate without serious adverse
effects to rodents and humans[3].
Recent studies have indicated that EGCG inhibits
proliferation and induces apoptosis of several tumor cell
lines in vitro and decreases the size of tumors in mice and
rats[4,5]. However, the cell death mechanism of EGCG
on gastric cancer cells is presently unknown. The present study will focus on the apoptosis inducing effect of
EGCG on the human gastric cancer cells and its apoptotic
pathway.

MATERIALS AND METHODS
Cell culture and reagents
The human gastric cancer cell line MKN45 was kept at
our institute. Cells were maintained in RPMI 1640 medium
(Gibco BRL, USA) supplemented with 10% heat-inactivated fetal bovine serum (Gibco BRL, USA), penicillin (100
µg/mL) and streptomycin (100 U/mL) in a 5% CO2 atmosphere at 37℃. EGCG monomer (purity > 99%) was purchased from the Tea Research Institute, Chinese Academy
of Agriculture. Annexin V-FITC + PI apoptosis detection kit was purchased from Biosea Corporation (Beijing,
China). Caspase-3 cellular activity assay kit and caspase-3
inhibitor (caspase-3 inhibitor Ⅱ) were purchased from
Calbiochem (Germany). Rhodamine 123 fluorochrome was
purchased from Molecular Probes (Germany). A rabbit monoclonal antibody to Bcl-xL, mouse monoclonal antibodies to
www.wjgnet.com
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bcl-2 and Bad, and rabbit polyclonal antibodies to Bax and
Bid were purchased from Santa Cruz Biotech (USA).
Detection of the killing effects of EGCG on MKN45 cells by
Methyl thiazolyl tetrazolium analysis
Exponentially growing MKN45 cells were trypsinized and
harvested in suspension, then cells were seeded onto 96
well plates at a density of 5 × 103 cells per well. Twentyfour hours later, fresh RPMI-1640 medium containing different concentrations of EGCG (40, 60, 80 µmol/L) was
added at 100 µL per well and six replicate wells for each
treatment. In EGCG treated groups (40 and 80 µmol/L),
caspase-3 inhibitor Ⅱ was added at a final concentration
of 2 µmol/L. In the control group, equal volumes of
RPMI-1640 medium were added. After being incubated for
12, 18, 24 and 48 h respectively, 20 µg MTT (5 mg/mL)
was added to each well of one 96 well plate. Cells were further incubated for 4 h. Then, after discarding the medium,
100 µL DMSO was added and gently mixed for 20 min.
Finally, the OD values were measured by an ELISA reader
(Microplate Reader, Model 550, Bio Rad). Cell survival was
calculated as OD value of EGCG exerted cells/OD value
of mock treated cells × 100%.
Detection of the apoptosis inducing effect of EGCG on
MKN45 cells by Annexin V-FITC + PI dual staining
According to the manufacturer’s instructions, exponentially growing MKN45 cells were trypsinized and harvested
in suspension. Then, cells were seeded into 25 cm2 flasks
at a density of 2 × 105 cells, 5 mL per flask. Twenty-four
hours later, EGCG was added at final concentrations of
40, 60 and 80 μmol/L respectively. Caspase-3 inhibitor Ⅱ
was added in 40 μmol/L and 80 μmol/L EGCG treated
groups, with a final concentration of 2 μmol/L. In the
control group, equal volume of RPMI-1640 medium was
added. After being incubated for 12, 18 and 24 h, cells
were harvested by trypsinization and rinsed with cold PBS
twice. After centrifugation (4℃, 1000 × g) for 10 min, cells
were suspended by 200 μL binding buffer and then treated
with 10 μL Annexin V-FITC and 5 μL propidium iodide
(PI) for 15 min at room temperature. Flow cytometric
analysis of cells was performed with an EpicsXL Coulter
flow cytometer. Both the MTT test and cytometric analysis
were repeated three times.
Measurement of the influence of EGCG on Caspase-3
activity in MKN45 cells by the ELISA method
Exponentially growing MKN45 cells were seeded into 75
cm2 flasks at a density of 6 × 105 cells, 10 mL per flask.
Twenty-four hours later, EGCG was added at different
final concentrations of 40, 60 and 80 μmol/L respectively.
Caspase-3 inhibitor Ⅱ was added with a final concentration of 2 μmol/L in the 80 μmol/L EGCG treated group.
In mock-treated cells, equal volumes of RPMI-1640 medium were added. After being incubated for 8, 12, 18 and
24 h, cells were harvested and rinsed with cold PBS twice.
After centrifugation (4℃, 1000 × g) for 10 min, according
to the manufacturer’s instructions, cells were suspended by
20 μL of cell lysis buffer and incubated on ice for 15-20
min. Then, cells were transferred into a sterile eppendorf
tube and centrifuged at 10 000 × g for 10 min at 4℃. Ten
www.wjgnet.com
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microlitres of supernatant were collected and added to 96
well plates, then treated with 10 μL caspase-3 substrate
AC-DEVD-ρNA, the reaction system was adjusted to 100
μL and measured by an ELISA reader (Microplate Reader,
Model 550, Bio Rad) at 405 nm with a reference wavelength of 630 nm. Data were recorded at 10 min intervals
for 60 to 120 min. Data presented as A405 versus time for
each sample were plotted. Then, the activity of caspase-3
was calculated based upon the obtained slope of the line.
Activity (pmol/min) = slope (∆A/min) × assay vol (μL)
×50 μmol/L /average A405 This experiment was repeated
three times.
Investigation on the influence of EGCG on the change
of mitochondrial membrane potential by Rhodamine 123
staining
Exponentially growing MKN45 cells were seeded into
25 cm2 flasks at a density of 2 × 105 cells, 5 mL per flask.
Twenty-four hours later, EGCG was added at different
final concentrations of 40, 60, 80 μmol/L, respectively. In
mock-treated cells, equal volumes of RPMI-1640 medium
were added. After incubating 4, 8 and 12 h, 5 μmol/L
Rhodamine 123 were added into the flasks, incubated at
37℃ for 30 min, and cells were harvested by trypsinization
and rinsed with cold PBS twice. After centrifugation (4°C
1000 × g) for 10 min, the cells were suspended in 200 μL
binding buffer and then analyzed by flow cytometry (EpicsXL Coulter) with an excitation wavelength of 505 nm
and emission wavelength of 534 nm. The experiment was
repeated three times and the average values were used.
Reverse transcription-polymerase chain reaction (RT-PCR)
analysis
Total RNA was extracted from cells that had been treated
with EGCG (80 μ mol/L) for 0, 12, 24 and 36 h and
subjected to RT-PCR. The primer sequences and amplification sizes were as follows: bax forward: 5'-TCTGACGGCAACTTCAACTG-3', bax reverse: 5'-CACTGTGACCTGCTCCAGAA-3' (299 bp product), bid forward:
5'-ACAGCATGGACCGTAGCATC-3', bid reverse:
5'-GTCCATCCCATTTCTGGCTA-3' (302 bp product),
bad forward: 5'-CCCAGAGTTTGAGCCGAGTG-3',
bad reverse: 5'-GCTGTGCTGCCCAGAGGTT-3'
(314 bp product), bcl-2 forward: 5'-GGAGGATTGTGGCCTTCTTT-3', bcl-2 reverse: 5'-TCACTTGTGGCTCAGATAGGC-3' (287 bp product), bcl-xl forward:
5'-GAGGCAGGCGACGAGTTT-3', bcl-xl reverse:
5'-GACGGAGGATGTGGTGGA-3' (491 bp product),
ß-actin forward: 5'-GGACTTCGAGCAAGAGATGG-3',
β-actin reverse: 5'-ACATCTGCTGGAAGGTGGAC-3'
(404 bp product). The PCR protocol for bcl-2 consisted of
denaturation at 94℃ for 5 min, 33 cycles of denaturation
at 94℃ for 30 s, annealing at 55.8℃ for 1 min and extension at 72℃ for 1 min, final extension at 72℃ for 10 min.
The protocols for ß-actin, bax, bid, bcl-xl and bad were
the same except for annealing at 60℃, 62℃, 56.3℃, 56℃
and 57℃ for 1 min and amplification for 30, 35, 30, 32,
and 32 cycles respectively. Amplification was exponential
throughout all cycles. The PCR products were electrophoresed in a 2% agarose gel and stained with goldviewTM.
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Cell
death

Dose
(μmol/L)

Early
stage
apoptotic
cells
Terminal
stage
apoptotic
cells

Control
40
60
80
Control
40
60
80

12 h

Time after treatment
18 h
24 h

48 h

0.86 ± 0.19 0.70 ± 0.25 0.91 ± 0.18 0.96 ± 0.12
1.04 ± 0.51 2.54 ± 1.79a 1.72 ± 1.30 1.57 ± 0.63
1.91 ± 1.30 5.73 ± 0.81a 5.69 ± 2.55a 14.45 ± 3.38a
6.30 ± 0.16a 14.93 ± 0.09a 13.05 ± 0.21b 4.09 ± 1.49a
0.32 ± 0.25 0.10 ± 0.10 0.30 ± 0.16 0.55 ± 0.05
0.65 ± 0.44 0.40 ± 0.26a 0.50 ± 0.17a 5.28 ± 2.29a
2.00 ± 0.84 1.06 ± 0.10a 2.49 ± 0.52b 26.45 ± 2.32a
3.67 ± 1.36a 8.48 ± 0.14b 19.05 ± 1.06b 62.90 ± 4.70b

a

P < 0.05, bP < 0.01 vs control group.

Immunoblot analysis
Cells were treated with 80 μmol/L EGCG for 0, 12, 24
and 36 h. At appropriate time, cells were lysed with lysis
buffer (1% Triton X-100, 1 mmoi/L sodium ortho-vanadate, 4.9 mmol/L MgCl2, 1 mmol/L PMSF, 21 μg/mL
aprotinin, and 0.5 μg/mL leupeptin). An equal amount
of protein was resolved in SDS-polyacrylamide gel electrophoresis. The proteins were transferred to a PVDF
membrane (Immobilon-P, Millipore, USA), incubated with
primary antibody and then with horse-radish peroxidase
conjugated secondary antibody. The primary antibodies
were anti-Bcl-2, Bcl-xL, Bad, Bid and Bax (Santa Cruz
Biotech, USA). The signals were visualized using the ECL
enhanced chemiluminescence kits.
Statistical analysis
All data were expressed as mean ± SD. Statistical analysis
was performed by using SAS 6.12, t-test, or correlation
analysis where appropriate. A level of P < 0.05 was considered significant in all statistical tests.

RESULTS
The apoptosis inducing effect of EGCG on MKN45 cells
In the present study EGCG exhibited time-and dose-dependent apoptosis inducing effects on MKN45 cells. The
ratio of apoptotic cells was (9.97 ± 1.16)% 12 h after 80
μmol/L EGCG treatment, which was significantly higher
than that of mock-treated [(1.18 ± 0.27)%, P < 0.01]. After
18 h treatment, the apoptotic cells were markedly increased
in all three concentrations of EGCG treated groups
compared to that in mock-treated ones (P < 0.05). The
result showed that terminal stage apoptotic cells increased
obviously than early stage cells after 24 h treatment, and
the cells were mainly in the terminal apoptotic stage and
necrotic stage after being treated for 48 h (Table 1). However, the inhibitory effect of EGCG on MKN45 cells was
significantly weakened after treatment of caspase-3 inhibitor (P < 0.05) (Figure 1). Meanwhile, the result of MTT
was consistent with Annexin V-FITC + PI.
The effect of EGCG on the activity of caspase-3 in the
MKN45 cells
Eight hours after EGCG treatment, the activity of capsases-3 in MKN45 cells was increased, but only 80 μmol/L

Ratio of apoptotic cell (%)

Table 1 Apoptotic percentage of MKN45 cells after EGCG
insult (mean ± SD, %)

4257
35

Control

30

40 μmol/L

25

40 μmol/L + Ⅰ
80 μmol/L

20

80 μmol/L + Ⅰ

15
10
5
0
0

16

24

t /h

Figure 1 The change of apoptotic cells ratio of MKN45 cells after being treated
with caspase-3 inhibitor detected by Annexin V-FITC + PI dual staining.

EGCG treated group was significantly increased (P < 0.05).
It was gradually and obviously increased 12 h after EGCG
insult in all three different concentrations (P < 0.01). After
a 24 h treatment of 80 μmol/L EGCG, the activity of caspase-3 was 8.58 folds higher than that the of mock-treated.
The influence of EGCG on the activity of caspase-3 in
the MKN45 cells was in a time- and dose-dependent manner (Figure 2). However, after being treated with caspase-3
inhibitor, the caspase-3 activity was dramatically decreased.
Moreover, after the treatment of caspase-3 inhibitor, the
inhibitory effect of EGCG on MKN45 cells was significantly weakened, and the cell apoptotic rates were also dramatically decreased.
The influence of EGCG on the change of mitochondrial
membrane potential in MKN45 cells
The mitochondrial membrane potential began to decline 4
h after EGCG treatment, which was positively correlated
with time and dose. The mitochondrial potential was (89.50
± 0.86)% 4 h after 40 μmol/L EGCG treatment, which
was significantly lower than that of the mock-treated (P
< 0.01). The absorptivity of Rhodamine 123 reached the
lowest level [(1.36 ± 0.66)%] 12 h after 80 μmol/L EGCG
treatment (Figure 3).
The influence of EGCG on the expression of the bcl-2
family in MKN 45 cells
After 80 μmol/L EGCG treatment, a significant decrease
of anti-apoptotic bcl-2 family of mRNAs and proteins,
such as bcl-2 and Bcl-xL, were detected (P < 0.05). However, there was a significant increase of pro-apoptotic bcl-2
family of mRNAs and proteins, such as Bad, Bid and Bax
(P < 0.05). The changes of these genes were time coursedependent, as show in Figure 4.

DISCUSSION
EGCG is the most abundant catechin in the green tea extract and has significant effects against tumorigenesis and
tumor growth[6-8]. The biological activities of EGCG include antioxidative activities, inhibition of cell growth, and
antiviral activities[9]. EGCG can also inhibit mutagenesis
induced by carcinogens, inhibit transformation, tumour
invasion and angiogenesis, induce cell growth arrest in G1
phase and cell apoptosis[10,11].
www.wjgnet.com
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Figure 3 The relationship between the absorbance of Rhodamine123 and
time and dose of EGCG treatment. The mitochondrial membrane potential was
measured by the absorbance of Rhodamine 123.

In our previous study, we have demonstrated that
EGCG can inhibit the growth of different digestive tumor
cells, and MKN45 was the most sensitive one among the
gastric cancer cell lines tested[12]. EGCG can induce cancer cell apoptosis by various pathways. On the one hand,
EGCG can directly bind to the Fas death receptor to initiate the caspase-8 activation and apoptosis[13]. On the other
hand, EGCG can also induce apoptosis by the mitochondrion pathway. The apoptosis inducing effect of EGCG
on human colon adenocarcinoma cells HT-29 depends on
the mitochondrion to activate caspase-9 and caspase-3[14].
The present study has classified and counted apoptotic
cells in the early stage, terminal stage and necrotic stage
respectively by flow cytometry, in order to investigate the
apoptosis inducing effect of EGCG on the human gastric
cancer cell line MKN45. The result showed that apoptotic
cells appeared 12 h after being treated by EGCG, and the
apoptotic rates were in a time- and dose-dependent manner. The apoptotic cells were mainly in early stage after being insulted by EGCG from 12 to 24 h, and terminal stage
apoptotic cells were increased gradually from 24 to 48 h
after EGCG treatment. The terminal stage apoptotic cells
and necrotic cells were predominant 48 h later, which was
more significant in the 80 µmol/L EGCG treated group.
The ratio of apoptotic cells in 80 µmol/L EGCG treated
group was significantly higher than that of mock-treated
12 h after treatment. However, 18 h after treatment, the
apoptotic cells were markedly increased in all three doses
of EGCG treated groups compared to that in mock- treatwww.wjgnet.com

β-actin

Figure 4 RT-PCR and western blot analysis of apoptosis-related genes. The
mRNAs and proteins expression of Bcl-2 family was detected by RT-PCR and
western blot at indicated time in presence of 80 µmol/L EGCG insult. β-actin
served as the internal control.

ed ones (P < 0.05). So, it can be concluded that EGCG
could induce apoptosis of MKN45 cells, and the apoptotic
rates were in a time- and dose-dependent manner. However, after the treatment of caspase-3 inhibitor, the cell apoptotic rates were dramatically decreased. The survival rates
of MKN45 cells after EGCG treatment detected by MTT
simultaneously was consistent with a normal cell percentage detected by Annexin V-FITC + PI. Hence, it indicated
that the inhibitory effect of EGCG on MKN45 cells was
mediated by the apoptosis pathway and this apoptotic procedure was associated with the activation of caspase-3.
Caspases play a pivotal role in the initiation and execution of apoptosis induced by various stimuli. Among
them, caspase-3 is a key caspase involved in apoptosis,
which is a joint effector of the endogenous and exogenous
pathways[15]. Activated caspase-3 can hydrolyze PARP in
the nucleus, resulting in DNA repair block and apoptosis[16]. We use specific caspase-3 substrate to interact with
caspase-3 which was activated in the apoptotic pathway,
and to detect caspase-3 activity at different time and dose
of EGCG treatment by the ELISA method. In order to
investigate the upstream events of caspase-3 activation in
this apoptotic pathway, we measured the change of mitochondrial membrane potential. The change of mitochondrial permeability is considered the earliest event in the cell
apoptosis cascade. The mitochondrial membrane potential
change results in the cytochrome C release to initiate caspase-9 and -3 activation and subsequent apoptosis[14,17].
By Rhodamine 123 staining, the change of mitochondrial
membrane potential was investigated. In normal cells, mitochondria can absorb Rhodamine 123, and its absorptivity
will decline while the membrane potential decreases. The
present result showed that the mitochondrial membrane
potential began to decline 4 h after EGCG treatment, and
the absorptivity of Rhodamine 123 reached the lowest
level 12 h after EGCG treatment. Whilst, the activity of
caspase-3 in MKN45 cells was increased 8 h after EGCG
insult, and was apparently increased 12 h after EGCG insult. When the caspase-3 inhibitor was added, however, the
caspase-3 activity was dramatically decreased. The change
of mitochondrial membrane potential was earlier than the
increase of caspase-3 activity, therefore, it is speculated that
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the apoptotic pathway triggered by EGCG in MKN45 cells
was dependent on the mitochondrion to activate caspase-3.
The Bcl-2 family of proteins, including Bad, Bax, Bid,
Bcl-2, and Bcl-xL, are key regulators of mitochondriamediated apoptosis[18,19]. Pro-apoptotic Bad and Bax induce
apoptotic cell death by promoting mitochondrial release of
cytochrome-c and Smac[20], Anti-apoptotic Bcl-2 and BclxL inhibit mitochondria-mediated apoptosis and promote
cell survival by preventing cytochrome-c or Smac release
from the mitochondria. A shift in the balance between
anti- and pro-apoptotic bcl-2 family proteins towards the
expression and activation of Bad and Bax proteins could
lead to mitochondria-dependent caspase activation and
apoptotic cell death. Thus, it is possible that EGCG induces mitochondrial release of cytochrome-C and Smac
by affecting the expression of the bcl-2 family of proteins.
Our study demonstrated that anti-apoptotic genes were
down-regulated and pro-apoptotic genes were up-regulated
by EGCG treatment in the MKN45, the level of transcription conforms to the protein level. The ratio of Bcl/Bax
gradually decreased as the treated time increased.
In conclusion, the present study demonstrated that
EGCG could induce apoptosis of the human gastric cancer cell line MKN45, and the effect was in a time- and
dose-dependent manner. The apoptotic pathway triggered
by EGCG in MKN45 cells was dependent on mitochondrial and caspase-3 pathways, also controlled by the ratio
of Bcl-2/Bax. This investigation provides further evidence
for its clinical application in the therapy of gastric cancer.
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Abstract
AIM: To compare the oligonucleotide chip, real-time PCR
and sequencing for genotyping of hepatitis B virus in
Chinese patients with chronic hepatitis B.
METHODS: Mixture of samples with different genotypes
and clinical serum samples from 126 chronic hepatitis B
patients was tested for hepatitis B virus genotypes by
oligonucleotide chip, real-time PCR and sequencing of
PCR products, respectively. Clinical performances, time
required and costs of the three assays were evaluated.
RESULTS: Oligonucleotide chips and real-time PCR
detected 1% and 0.1% genotypes, respectively, in mixed
samples. Of the 126 clinical samples from patients with
chronic hepatitis B, genotype B was detected in 41
(33%), 41 (33%) and 45 (36%) samples, and genotype
C in 76 (60%), 76 (60%) and 81 (64%) samples, by
oligonucleotide chip, real-time PCR and sequencing,
respectively. Oligonucleotide chip and real-time PCR
detected mixed genotypes B and C in 9 samples. Realtime PCR was the rapidest and cheapest among the
three assays.
CONCLUSION: Oligonucleotide chip and real-time PCR
are able to detect mixed genotypes, while sequencing
only detects the dominant genotype in clinical samples.
© 2007 WJG . All rights reserved.
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INTRODUCTION
It is estimated that 350 million individuals are chronically
infected with hepatitis B virus (HBV) and that more than
1 million die from cirrhosis and hepatocellular carcinoma
(HCC) each year[1-3]. HBV has been classified into eight
genotypes (A-H) based on the sequence divergence of
> 8% in the entire genome, which consists of about 3200
base pairs [4-7]. Different HBV genotypes have distinct
geographical distributions[8]. Genotype A is found mainly
in Northwest Europe, the United States, India, and subSaharan Africa. Genotypes B and C prevail in East Asia.
Genotype D is common in the Mediterranean countries.
Genotype E is only found in Africa, while genotype
F is found mainly in Central and South America. The
distribution of HBV genotypes G and H still needs to be
determined. In China, the most common HBV genotypes
are B (41%) and C (53%), while genotypes A and D are
also found in some provinces [9]. Several studies have
revealed that genotype C is associated significantly with
the severity of HBV infection, liver cirrhosis, and HCC
compared with genotype B[10-12].
HBV genotypes may be associated with differences in
response to antiviral therapy. Some studies indicate that
HBV genotypes respond differently to interferon in patients
with chronic hepatitis B. Genotype B responds better
to interferon than genotype C[13,14]. Several technologies
have been developed for genotyping of HBV[15-17], but the
number of studies actually comparing these assays is limited.
Nucleotide sequencing of PCR products is routinely
used to detect lamivudine resistance. However, this
method is expensive and laborious. We have developed
an oligonucleotide chip assay for determination of HBV
genotypes[17]. In the present study, we compared sequencing
of PCR products, oligonucleotide chip and a commercial
real-time PCR kit (Fosun Diagnostics, Shanghai, China) for
detection of YMDD mutants in mixed samples and clinical
samples from patients with chronic hepatitis B. Clinical
performances, time required, and costs were also analyzed to
enable a comparison among these assays for their economic
effectiveness.

MATERIALS AND METHODS
Patients, samples and extraction of HBV DNA
Serum samples were collected from 126 patients with
chronic HBV infection. All the patients being positive for
hepatitis B virus surface antigen (HBsAg) and HBV-DNA
were from Changzhou, China. HBV DNA was extracted
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from serum samples using the QIAamp blood kit (Qiagen,
Chatsworth, CA, USA) according to the manufacturer’s
instructions. HBV DNA levels were measured on PE5700
real-time PCR system (Applied Biosystems, Foster, CA,
USA) with quantitative real-time PCR reagents (Fosun
Diagnostics, Shanghai, China) approved by the State Food
and Drug Administration of China for in vitro diagnostic
use.
Oligonucleotide chip test
Oligonucleotide chip test was carried out as described
previously[17]. In brief, extracted HBV DNA was amplified
by nested PCR with primers specific for the pre-S region
of HBV. Cy5-labeled unpurified PCR products were mixed
with DIG Easy Hyb (Roche Meolecular Biochemicals,
Canada). The mixture was denatured and added onto the
chips and covered with a glass cover. Oligonucleotide chips
were incubated at 40℃ for 30 min in a moist incubator
for hybridization and washed. Images were obtained with
a fluorescent scanner (GenePix 4000B, Axon Instruments,
Inc., CA, USA).
Real-time PCR
Real-time PCR for determination of HBV genotypes was
performed according to the manufacturer’s instructions. In
brief, parallel reactions were used to detect HBV genotypes
B and C. The reactions differed in the TaqMan probes.
The amplification was performed on PE5700 PCR system
(Applied Biosystems, Foster, CA, USA) by incubating the
reaction mixture (50 μL) at 50℃ for 2 min, followed by
40 cycles of PCR amplification at 93℃ for 30 s and at
60℃ for 90 s. The Ct value is defined as the number of
fractional cycles in which the fluorescence emitted by the
reaction mixture exceeds a preset threshold and marks the
beginning of an exponential growth of the fluorescence
signal. The results were analyzed with ABI prism 5700
software (Applied Biosystems, Foster City, CA). The
reaction system was provided by Fosun Diagnostics (Fosun
Diagnostics, Shanghai, China).
Sequencing of PCR products
HBV DNA sequencing was performed as previously
described [16]. Extracted DNA was amplified by using
primers specific for the pre-S1/pre-S2 region of HBV.
PCR products were purified with QIAquick PCR
purification kits (Qiagen, Chatsworth, California, USA)
and eluted from the column with 80 μ L of distilled
deionized water. The quality and concentration of DNA
were determined by absorbance measurements at 260 and
280 nm and gel electrophoresis. All sequencing reactions
were performed on ABI 3100 DNA sequencer (Applied
Biosystems, Foster, California, USA).
Mixing experiments
Mixing experiments were used to evaluate the abilities of
oligonucleotide chip, real-time PCR, and sequencing to
accurately detect minor HBV genotypes. Two previously
tested samples of genotypes B and C were used to prepare
the mixture. Both samples were diluted with HBV negative
serum to a final concentration of 2 × 106 copies/mL and
mixed. HBV genotype B in the mixture was 50%, 10%,
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Table 1 Oligonucleotide chip, real-time PCR, and sequencing
in detection of genotypes B and C in mixed samples
Oligonucleotide chip
B and C
B and C
B and C
C

Real-time PCR
B and C
B and C
B and C
B and C

Sequencing
B and C
C
C
C

Percentage
50
10
1
0.1

1%, and 0.1%, respectively. The mixture was analyzed with
the three methods.
Serial dilution experiments
A sample with 5.20 × 106 copies/mL of HBV DNA in
genotype C was diluted to 5.20 × 105, 5.20 × 104, 5.20 ×
103, and 5.20 × 102 copies/mL, and tested with the three
methods.
Time study
Time study was carried out as previously described[18]. Three
skilled technologists performed these assays. The time
required for each assay was measured by direct observation
by the technologists, with a work unit of 16 samples.
Cost
Costs for each assay were estimated based on the prices
of reagents, including consumables and DNA extraction
reagents, in China. The costs of instruments and labors
were not included.

RESULTS
Detection of mixed samples
The mixture of samples containing genotypes B and C at
different ratios was detected by oligonucleotide chip, realtime PCR, and sequencing, respectively. Oligonucleotide
chip detected genotypes B and C in the mixture containing
50%, 10%, and 1% of genotype B, but only genotype C
in the mixture containing 0.1% of genotype B. Real-time
PCR detected genotypes B and C in the mixture containing
10%, 1%, 0.1% of genotype B. Sequencing detected
genotypes B and C only in the mixture containing 50% of
genotype B, but only genotype C in the mixture containing
10%, 1%, 0.1% of genotype B (Table 1).
Detection of diluted samples
To determine the sensitivity of oligonucleotide chip, realtime PCR, and sequencing, a sample of genotype C was
diluted and tested with the three methods. Oligonucleotide
chip was able to detect all the dilutions, while realtime PCR and sequencing were able to detect dilutions
containing 5.20 × 10 6 , 5.20 × 10 5 , 5.20 × 10 4 , and
5.20 × 103 copies/mL, but not able to detect the dilution
containing 20 × 102 copies/mL.
Oligonucleotide chip, real-time PCR, and sequencing in
detecting genotypes in clinical samples
A total of 126 clinical serum samples from patients with
chronic hepatitis B were tested. The results obtained
by oligonucleotide chip, real-time PCR, and sequencing
www.wjgnet.com
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were compared (Table 2). Completely concordant results
were obtained in 117 (93%) samples by the three assays.
Genotype B or C was detected by sequencing and
genotypes B and C were detected by oligonucleotide chip
and real-time PCR in the mixture of 9 samples. Genotype
B, genotype C, and both of them were detected by
oligonucleotide chip and real-time PCR in the mixture of
41 (33%), 76 (60%) and 9 (7%) samples, respectively. No
other genotypes were observed in this study.
Time required
The time required for each assay depended on the sample
size and the throughput of instruments used for detection.
In this study, we measured the time required for each assay
with a 16-sample work unit because the highest throughput
of ABI 3100 sequencer was 16 samples per run. The total
assay time for oligonucleotide chip, real-time PCR, and
sequencing was 7, 6, and 3 h, respectively.
Costs
The cost for each assay was calculated based on the prices
of reagents and consumables used. The cost per test for
oligonucleotide chip, real-time PCR, and sequencing was
120, 70, and 100 Chinese Yuan (CNY), respectively (The
costs of instruments and labors were not included).

DISCUSSION
HBV has been classified into eight genotypes of A-H.
These genotypes are different in biological properties and
show heterogeneity in their global distribution, prevalence
of mutations, clinical outcome, and response to antiviral
treatment [19]. To date, many assays have been used for
genotyping of HBV, such as multiplex PCR with genotypespecific primers[20-22], PCR followed by restriction fragment
length polymorphism (RFLP) analysis [15,23], serological
assay [24,25], reverse hybridization [16], real-time PCR with
melting curve analysis[26,27], and oligonucleotide chips[17,28-30].
However, the sensitivity, specificity, cost, and time required
are different in these methods. In this study, we compared
oligonucleotide chip, real-time PCR, and sequencing in
determination of HBV genotypes in patients with chronic
hepatitis B. The results obtained by them were concordant
in 93% of the samples. Oligonucleotide chip and real-time
PCR were able to detect mixed genotypes in 9 samples,
while sequencing only detected the dominant genotype.
Oligonucleotide chip has been used to detect hepatitis
B virus resistance mutations and identify genotypes[30]. We
have developed an oligonucleotide chip assay based on the
reverse hybridization principle-specific oligomucleotide
probes to detect the eight genotypes of HBV[17]. In the
present study, oligonucleotide chip assay determined HBV
genotypes in samples with HBV DNA load of 5.20 × 102
copies/mL, showing the highest sensitivity among the
three assays. This may be due to the very high sensitivity of
nested-PCR used before chip hybridization. However, in
the mixture experiments, oligonucleotide chip could detect
1% of the genotypes while real-time PCR could detect 0.1%
of genotypes in samples with 2 × 106 copies/mL DNA.
This may be attributed to the competition of the dominant
genotype in PCR amplification and hybridization. Futher
www.wjgnet.com
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Table 2 Comparison of oligonucleotide chip, real-time PCR,
and sequencing for detection of the clinical samples n (%)
Genotypes
Oligonucleotide chip Real-time PCR
B
41 (33)
41 (33)
C
76 (60)
76 (60)
Mixture of B and C
9 (7)
9 (7)

Sequencing
45 (36)
81 (64)
0

study is needed to explore the truth behind this conflict.
Commercial assay for genotyping of HBV is based
on TaqMan technology, with genotype-specific probes
for HBV genotypes B and C. This assay is the most rapid
and cost-effective one among the three assays. However,
oligonucleotide chip and sequencing could detect the eight
HBV genotypes, while real-time PCR in this study could
only detect the two most common genotypes in China.
When real-time PCR is used to determine the eight HBV
genotypes, eight reactions are needed and the cost is rather
high.
Of the 126 clinical samples from patients with chronic
hepatitis B, genotype B was detected in 41 (33%), 41
(33%) and 45 (36%) samples, and genotype C in 76 (60%),
76 (60%) and 81 (64%) samples, by oligonucleotide
chips, real-time PCR, and sequencing, respectively.
Oligonucleotide chip and real-time PCR detected mixed
genotypes B and C in 9 samples, which is consistent with
the reported data [9]. Compared to our previous study,
however, the prevalence of genotype C was lower, possibly
due to the different patient samples used in the two
studies. Although genotypes A and D have been observed
in China[9], they were not detectable in our study, showing
that these genotypes are very scarce in Changzhou, China.
In conclusion, oligonucleotide chip and real-time PCR
are able to detect mixed genotypes in clinical samples. Of
the three assays, real-time PCR is the most rapid and costeffective technique in detecting genotypes B and C.

COMMENTS
Background

Hepatitis B virus (HBV) genotypes may be associated with the severity of HBV
infection and response to antiviral therapy. Sensitive and cost-effective methods
for genotyping of HBV are needed in the management of HBV infection.

Research frontier

Several methods, such as sequencing, PCR-RFLP, oligonucleotide chip, real-time
PCR, and line probe assay, have been used in genotyping of HBV. Geographical
distribution, characteristics, and response to antiviral therapy of different HBV
genotypes are the foci of research interest.
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Detection of hepatitis B virus genotypes using oligonucleotide chip among HBV
carriers in Eastern China by Tang et al published in World J Gastroenterol 2007; 13:
1973-1977.

Innovations and breakthroughs

This article compared the oligonucleotide chip, real-time PCR and sequencing
for genotyping of HBV in patients with chronic hepatitis B virus infection. Clinical
performances, time required, and costs of the three assays were analyzed.

Applications

Both oligonucleotide chip and real-time PCR can be used in genotyping of HBV in
patients with HBV infection.

Wang YZ et al . Different methods for HBV genotyping

Terminology

Oligonucleotide chip is an assay tool, by which short DNA oligonucleotides specific
to different regions of the genes spotted onto the chip can be detected.
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oligonucleotide chip, real-time PCR, and sequencing for genotyping of hepatitis B
virus in Chinese patients with chronic hepatitis B. The methods they used in the
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Abstract
AIM: To evaluate the efficacy and safety of entecavir
(ETV) in hepatitis Be antigen (HBeAg)-positive chronic
hepatitis B (CHB) patients who had not received a
nucleoside analogue and who had failed in lamivudine
(LVD) therapy.
METHODS: Sixty-one patients were divided into three
groups. Forty-two patients who had not received a
nucleoside analogue were randomized into two groups:
group A (n = 21) received LVD 100 mg/d and group B
(n = 21) received ETV 0.5 mg/d. The remaing 19
patients treated with LVD (n = 19), who switched to ETV
1.0 mg/d served as group C. All patients were treated for
48 wk. HBV DNA levels were measured with polimerasechain-reaction (PCR) analysis. Liver function tests, HBV
serology and safety assessments were also conducted.
RESULTS: Significantly more patients in group B (52.1%
and 71.4%) had undetectable HBV DNA levels than in
groups A (35.8% and 38%; P < 0.0001) and C (10.6%
and 21.1%, P < 0.0001) at wk 24 and 48, respectively.
At wk 48, ALT levels were normalized in more patients in
group B (85.7%) than in groups A (76.2%) and C (74%).
CONCLUSION: ETV had a significantly higher response
rate than LVD in patients with HBeAg-positive CHB who
had not previously received a nucleoside analogue; ETV
can effectively inhibit the replication of HBV DNA and
normalize the levels of ALT in refractory CHB patients
treated with LVD; and ETV is safe in clinical application.
© 2007 WJG . All rights reserved.
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INTRODUCTION
More than 400 million people worldwide are chronically
infected with hepatitis B virus (HBV)[1]. Suppression of
HBV replication is a principal goal of long-term hepatitis
B therapy [2]. Lamivudine (LVD) is the first potentially
non-cytotoxic oral nucleoside analogue approved for the
treatment of chronic hepatitis B. Studies of long-term
LVD treatment in patients with HBeAg-positive chronic
hepatitis B have found that maintenance of virologic
suppression is associated with improved histologic findings
in the liver[3,4]. However, prolonged treatment of chronic
HBV infection with LVD is frequently associated with
the development of mutations in the HBV polymerase
gene conferring resistance to LVD[5-7]. The emergence of
LVD resistance may result in a rebound in viral load, ALT
elevation and progression of hepatic disease[8-11]. Preclinical
and phase Ⅲ studies suggested ETV is a novel hepatitis
B antiviral agent with potent antiviral activity against the
HBV and LVD-resistant HBV[12-14].
'The present study was designed to assess the efficacy
and safety of ETV in patients with HBeAg-positive chronic
hepatitis B (CHB), and compare the ETV and LVD therapy
in patients treated with a nucleoside analogue.

MATERIALS AND METHODS
Patients
This trial involves 61 adult patients from Yan Ban area
in Jilin Province with HBeAg-positive chronic hepatitis
B enrolled between February 2006 to March 2006 who
received antiviral agents with activity against hepatitis B,
or LVD. Inclusion and exclusion criteria for the study
followed the study of HBeAg-positive patients reported
by Chang et al[12]. The patients aged between 19 and 68
years and had HBeAg-positive chronic hepatitis B and
compensated liver function: a total serum bilirubin level of
2.5 mg per deciliter (42.8 µmol/L)or less; a prothrombin
time not more than three seconds longer than normal
or a ratio not greater than 1.5; a serum albumin level of
at least 3.0 g per deciliter; and no histrory of variceal
bleeding or hepatic encephalopathy. Eligible patients also
had detectable hepatitis B surface antigen (HBsAg) for
at least 24 wk before screening, evidence of HBV DNA
by any commercial assay at least 4 wk before screening,
and a serum alanine aminotransferase level 1.3-10.0 times
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Treatment protocols and study design
The 61 patients were divided into three groups. Forty-two
patients who had not received a nucleoside analogue were
randomized into two groups: group A (n = 21) received
LVD 100 mg/d and group B (n = 21) received ETV 0.5
mg/d. The remaing 19 refratory patients treated with LVD
served as group C (n = 19), who switched to ETV 1.0 mg/d.
HBV DNA levels were measured by PCR analysis at wk 2,
4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, and 48. ALT, HBV
serology and safety assessments were also conducted. All
patients were treated for 48 wk.
Efficacy measures
At 24 wk and/or 48 wk, the reduction in HBV DNA level
and the proportion of patients with undetectable HBV
DNA, HBeAg loss, HBeAg seroconversion (HBeAg loss
and the appearance of HBe antibody), and normalization
of ALT were evaluated. Serum HBV DNA was measured
using the PCR analysis. Liver function tests were
performed by standard methods.
Safety analysis
Measures of safety included adverse events, hematologic
measurement, chemical measurement, vital signs, and deaths.
The severity of adverse events was graded based on a threepoint scale (mild, moderate, and severe), and causality was
determined by the investigator. The safety was assessed
throughout the treatment. Hepatitis flares during treatment
were defined with elevation of the alanine aminotransferase
level by more than twice the baseline level and more than 10
times the upper normal limit.
Statistical analysis
Baseline characteristics of the patients were presented as
means ± SE. Statistical analyses were conducted according
to the intention-to-treat procedure. The Chi-square test
or the Fisher’s exact test was used to compare differences
in proportion between treatment groups. Continuous
data were analyzed using Kruskall-Wallis test and MannWhithey test. A two-tailed P value of less than 0.05 was
considered statistically significant.

RESULTS
Study population
All treatments were well matched with regard to baseline
characteristics (Table 1). Of the 61 patients, 60 completed

Table 1 Baseline characteristics of patients

Characteristics
Patients (n)
Age ( yr)
Sex ( M/F )
HBV DNA
(log copies/mL)
ALT (IU/L)

Group A
Group B
Group C
(LVD, 100 mg/d) (ETV, 0.5 mg/d) (ETV, 1.0 mg/d)
21
21
19
31 ± 12
33 ± 10
31 ± 11
11/10
12/9
11/8
8.49 ± 1.10
8.52 ± 1.02
8.60 ± 0.90
201.6 ± 178.2

211.2 ± 144.7

198.9 ± 169.5

P value was not significant for all comparisons. ALT: alanine aminotransferase.

100

Group A
Group B
Group C

90
80
% of negative HBV DNA

that of the upper limit of normal at screening. Exclusion
criteria included co-infection with hepatitis C, D, or the
human immunodeficiency virus, the presence of other
of liver diseases; use of interferon, thymosin, antiviral
agents with activity against hepatitis B within 24 wk before
randomization; prior LVD therapy lasting more than
12 wk; an alpha fetoprotein level greater than 100 ng/mL;
a history of ascites requiring diuretics or paracentesis; and
previous treatment with ETV and Adefovir (ADV).
The study was conducted in compliance with the
Helsinki Declaration and approved by the local regulatory
bodies. All patients provided written informed consent.
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Figure 1 Virological response. Pecentages of patients with negative HBV DNA
within 48 wk among the treated patients.

the treatment, while the remaining one drop out the study,
and one group A patient withdrew at 32 wk.
Virological response
At wk 24, significantly more patients in group B (52.1%)
had undetectable HBV DNA levels than in groups A (35.8%;
P < 0.0001) and C (10.6%, P < 0.0001). HBV DNA was
negative at wk 48 in 8 (38%) patients treated with LVD
(group A) and in 15 (71.4%) patients treated with ETV 0.5
mg/d (group B), and 4 (21.1%) patients switched to ETV
1.0 mg/d (group C). HBV DNA became negative at wk 12,
4 and 12, respectively in the three groups. Significantly more
patients in group B had undetectable HBV DNA levels
(71.4%) by PCR analysis than in group A (38%; P < 0.0001)
(Figure 1). HBV DNA levels in group B fell throughout
the treatment (Figure 2). The mean reduction in the serum
HBV DNA levels at wk 48 was also greater in group B (5.9
log copies/mL) than in groups A (4.2 log copies/mL, P <
0.001) and C (4.3 log copies/mL).
At wk 48, the rate of HBeAg seroconversion in group
B (15%) was similar to group A (18%); and it was 6% in
group C.
Biochemical response
At wk 48, significantly more patients achieved normalization
of ALT levels in group B (85.7%) than in groups A (76.2%)
and C (74%). A mild flare-up without bilirubin alteration
was observed only in one group A patient (Figure 3).
www.wjgnet.com
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Figure 3 Biochemical response. Pecentages of patients with ALT normalization
within 48 wk among the treated patients.

Safety
The frequency of adverse events during treatment was
similar among the three groups. The most frequent adverse
events were headache, upper respiratory tract infection,
nasopharyngitis, cough, pyrexia, upper abdominal pain,
fatigue, and diarrhea, most of which were of mild-tomoderate severety. No hepatocellular carcinoma, liver
decompensation of death was recorded (Table 2). One
virologic rebound due to resistance occurred in group C.

DISCUSSION
Therapeutic options against hepatitis B virus remain
a major clinical challenge. The goal of teatment is
HBV DNA suppression, normalization of ALT levels
and reduction in liver necroinflammation. Currently,
Nucleoside analogs such as LVD, ADV and ETV are well
tolerated and lower and normalize the serum HBV DNA
and ALT levels[3,4,12-18]. However, the efficacy and safety
profile of LVD, ADV and ETV had different clinical
situations in the treatment of hepatitis B.
In this study, ETV was associated with suppression of

www.wjgnet.com
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Figure 2 Virological response: mean HBV DNA levels according to PCR within 48
wk among the treated patients.

% of ALT normalization

Adverse events
Patients (n)
Headache
Upper respiratory tract infection
Nasopharyngitis
Cough
Pyrexia
Upper abdominal pain
Fatigue
Diarrhea
Death
ALT > 2 × baseline > and 10 × ULN

7

0

Volume 13

Table 2 Adverse events documented during treatment
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viral replication in patients who had undetectable levels of
HBV DNA 48 wk after the start of treatment and with the
magnitude of reduction in the level of HBV DNA. ALT
levels became normal in more patients after treatment
with ETV than with LVD, which was in agreement with a
previous study of patients with HBeAg-positive chronic
hepatitis B[12]. Although this suggests that ETV may be
more effective than LVD in preventing adverse clinical
outcomes among patients with HBeAg-positive chronic
hepatitis B, a longer surveillance is necessary. In patients
with LVD-refractory HBeAg-positive chronic hepatitis B,
we found that the switching to ETV can effectively inhibit
the raplication of HBV DNA and normalize the levels
of ALT. These results were in agreement with previous
studies reported by Sherman M et al, and Chang TT
et al[14,15].
The tolerability and safety profiles of ETV therapy
for patients who had not previously received a nucleoside
analogue and for patients who switched to ETV were
similar to those reported in patients with HBeAg-positive
CHB, and there were no unexpected adverse effects[12-15].
On the basis of its extensive use in both chronic hepatitis
B and HIV infection, LVD is established as a welltolerated antiviral agent. However, continued surveillance
is necessary to confirm its long-term safety.
Liaw et al [19] showed that for patients with HBeAgnegative or HBeAg-positive chronic hepatitis B who had
cirrhosis or advanced fibrosis, treatment with LVD slows
the progression of liver disease, presumably by suppressing
the viral re plication and decreasing the resultant
necroinflammatory response. ETV, The response rates of
ETV were significantly higher than LVD in patients who
had not previously received a nucleoside analogue, which
demonstrated benefit as a primary therapy for HBeAgpositive chronic hepatitis B. The advent of more potent
antiviral agents for the treatment of chronic hepatitis B
offers the potential to control HBV DNA replication and
to arrest or halt the progression of liver disease.
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Abstract
An inefficient cellular immune response likely leads to
chronic hepatitis C virus (HCV) infection. Resolution
of chronic HCV infection in the absence of treatment
is a rare occurrence. We report the case of a 39-year
old white male with a 17-year history of chronic HCV
infection, who eradicated HCV following a serious illness
due to co-infection with Babesia (babesiosis), Borriela
Borgdorferi (Lyme disease) and Ehrlichia (human
granulocytic ehrlichiosis). We hypothesize that the
cellular immune response mounted by this patient in
response to his infection with all three agents but in
particular Babesia was sufficient to eradicate HCV.
© 2007 WJG . All rights reserved.

Key words: Hepatitis C; Babesiosis; Spontaneous viral
clearance
Byrnes V, Chopra S, Koziel MJ. Resolution of chronic
hepatitis C following parasitosis. World J Gastroenterol
2007; 13(31): 4268-4269

http://www.wjgnet.com/1007-9327/13/4268.asp

INTRODUCTION
Spontaneous clearance of chronic hepatitis C virus (HCV)
is a rare entity. It may occur following co-infection with
another agent where the increased cellular immunity
facilitates HCV eradication[1,2].

CASE REPORT
This is the case of a 39-year-old white male with chronic
HCV infection likely acquired from a blood transfusion
www.wjgnet.com

during a splenectomy, following a motor vehicle accident
17 years ago. He had documented hepatitis C, genotype 1A
with a viral load of 772 000 IU/mL and two liver biopsies
five years apart, demonstrating mild fibrosis.
The patient was admitted to our institution following
a 4-wk history of fever, headache and profound malaise.
Laboratory values were as follows: 409 IU/mL AST,
89 IU/mL ALT, 46 000 white blood cells, and 21.2
hematocrit with visible target cells and schistocytes on
blood film. A blood smear revealed the presence of
intracellular erythrocytic inclusions with a corresponding
parasitemia level of 11.2%, consistent with babesiosis.
He was commenced on intravenous azithromycin and
atovaquone. Further work up also revealed a positive
EIA for Lyme disease, confirmed by Western blotting,
in addition to positive IgM antibodies to Ehrlichia.
Doxyclicine was added to the treatment regimen. The
patient was discharged from hospital seven days later with
a rising hematocrit and a parasite load of 0.4%.
Surprisingly, hepatitis C RNA was undetectable from the
serum sample taken two days following hospital admission.
The lower limit of detectable virus via quantitative
poylmerase chain reaction (PCR) technique at our institution
is 600 IU/mL. Repeat testing demonstrated normal ALT
and AST and a negative HCV RNA level via qualitative
PCR, which is sensitive to a level of virus greater than
100 IU/mL. The patient continued to have normal ALT
and AST and remained persistently HCV RNA negative
by qualitative PCR testing four years after his acute illness
(Figure 1).

DISCUSSION
Babesiosis is a tick-borne illness commonly seen in Europe
and the United States, caused by malaria-like parasites
that infect red blood cells and induce hemolysis. Infection
is transmitted to humans from cattle or rodents via the
Ixodid tick. This variety of tick also transmits Lyme disease
and ehrlichiosis and simultaneous infection with all three
pathogens can occur. We postulate that co-infection with
these pathogens caused CD4 cell proliferation and increased
production of endogenous interferon gamma (IFNγ), which
proved sufficient for hepatitis C viral clearance. Spontaneous
clearance of acute HCV is dependent on a broad based
CD4+ and CD8+ T cell response, and it is likely that both
cytolytic and non-cytolytic mechanisms act to clear infected
hepatocytes[3]. Non-cytolytic effector mechanisms include
production of cytokines such as IFNγ, which has been
shown to inhibit HCV replication in some but not all model
systems[4-6]. Resolution of the etiologic agent of Babesia
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Figure 1 Scatter plot of AST and ALT before, during and after hospitalization.

microti infection in murine models is dependent on both
CD4+ T cells and to a lesser extent of IFNγ production[7,8]
and elevations of IFNγ are seen during acute Lyme and
Ehrlichia infection as well[9,10]. Therefore, the acute parasitic
infections in this case may have stimulated sufficient CD4+
T cells and cytokines to allow resolution of longstanding
HCV. Resolution of chronic HCV following acute HBV
superinfection[1,2] and withdrawal of immunosuppressant[11,12]
has also been reported, demonstrating that at least in some
individuals the deficient immune response seen in chronic
HCV can be overcome.

REFERENCES
1

2

Gruener NH, Jung MC, Ulsenheimer A, Gerlach TJ, Diepolder
HM, Schirren CA, Hoffmann R, Wachtler M, Backmund
M, Pape GR. Hepatitis C virus eradication associated with
hepatitis B virus superinfection and development of a hepatitis
B virus specific T cell response. J Hepatol 2002; 37: 866-889
Jessner W, Strasser M, Graziadei I, Berr F, Vogel W. Sustained
remission of chronic hepatitis C after acute hepatitis B
superinfection. Scand J Infect Dis 2006; 38: 818-821

7

8

9

10

11

12

Koziel MJ. Cellular immune responses against hepatitis C
virus. Clin Infect Dis 2005; 41 Suppl 1: S25-S31
Windisch MP, Frese M, Kaul A, Trippler M, Lohmann V,
Bartenschlager R. Dissecting the interferon-induced inhibition
of hepatitis C virus replication by using a novel host cell line. J
Virol 2005; 79: 13778-13793
Shin EC, Protzer U, Untergasser A, Feinstone SM, Rice CM,
Hasselschwert D, Rehermann B. Liver-directed gamma
interferon gene delivery in chronic hepatitis C. J Virol 2005; 79:
13412-13420
Liu C, Zhu H, Tu Z, Xu YL, Nelson DR. CD8+ T-cell interaction
with HCV replicon cells: evidence for both cytokine- and cellmediated antiviral activity. Hepatology 2003; 37: 1335-1342
Igarashi I, Suzuki R, Waki S, Tagawa Y, Seng S, Tum S, Omata
Y, Saito A, Nagasawa H, Iwakura Y, Suzuki N, Mikami T,
Toyoda Y. Roles of CD4(+) T cells and gamma interferon in
protective immunity against Babesia microti infection in mice.
Infect Immun 1999; 67: 4143-4148
Clawson ML, Paciorkowski N, Rajan TV, La Vake C, Pope
C, La Vake M, Wikel SK, Krause PJ, Radolf JD. Cellular
immunity, but not gamma interferon, is essential for resolution
of Babesia microti infection in BALB/c mice. Infect Immun
2002; 70: 5304-5306
Widhe M, Jarefors S, Ekerfelt C, Vrethem M, Bergstrom S,
Forsberg P, Ernerudh J. Borrelia-specific interferon-gamma
and interleukin-4 secretion in cerebrospinal fluid and blood
during Lyme borreliosis in humans: association with clinical
outcome. J Infect Dis 2004; 189: 1881-1891
Akkoyunlu M, Fikrig E. Gamma interferon dominates the
murine cytokine response to the agent of human granulocytic
ehrlichiosis and helps to control the degree of early
rickettsemia. Infect Immun 2000; 68: 1827-1833
Somsouk M, Lauer GM, Casson D, Terella A, Day CL, Walker
BD, Chung RT. Spontaneous resolution of chronic hepatitis
C virus disease after withdrawal of immunosuppression.
Gastroenterology 2003; 124: 1946-1949
Nagai H, Matsumaru K, Shiozawa K, Momiyama K, Wakui N,
Shinohara M, Watanabe M, Ishii K, Nonaka H, Hasegawa A,
Teramoto T, Yamamuro W, Sumino Y, Miki K. Disappearance
of HCV after cessation of immunosuppression in a patient
with ulcerative colitis and renal transplantation. J Gastroenterol
2005; 40: 848-853
S- Editor Liu Y L- Editor Wang XL

E- Editor Liu Y

www.wjgnet.com

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

World J Gastroenterol 2007 August 21; 13(31): 4270-4273
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

CASE REPORT

Ectopic hepatocellular carcinoma arising from pancreas: A
case report and review of the literature
Keiichi Kubota, Junji Kita, Kyu Rokkaku, Yoshimi Iwasaki, Tokihiko Sawada, Johji Imura, Takahiro Fujimori
Keiichi Kubota, Junji Kita, Kyu Rokkaku, Yoshimi Iwasaki,
Tokihiko Sawada, Second Department of Surgery, Dokkyo
University Hospital, 880 Kitakobayashi, Mibu, Tochigi, Japan
Johji Imura, Takahiro Fujimori, Department of Surgical
and Molecular Pathology, Dokkyo University Hospital, 880
Kitakobayashi, Mibu, Tochigi, Japan
Correspondence to: Keiichi Kubota, MD, PhD, Professor and
Chairman, Department of Gastroenterological Surgery, Dokkyo
University Hospital, 880 Kitakobayashi, Mibu, Tochigi,
Japan. kubotak@dokkyomed.ac.jp
Telephone: +81-282-861111-2633 Fax: +81-282-866317
Received: 2007-03-08
Accepted: 2007-04-04

Abstract
A 56-year-old man was found to have a pancreatic tail
tumor. His blood chemistry showed no infection with
hepatitis B or C virus and no elevations of tumor markers
or pancreatic hormones. Abdominal ultrasound showed
an encapsulated, rather heterogeneous, hypoechoic
tumor, 6.5 cm in maximum diameter, with a beak sign.
Helical dynamic CT revealed an irregularly enhanced
tumor with pooling of contrast medium in the delayed
phase. Abdominal angiography showed a hypervascular
tumor. With a tentative diagnosis of non-functional
islet-cell tumor, the patient underwent resection of the
pancreatic body and tail with splenectomy. The contour
of the liver and its surface were normal. In microscopic
examination, tumor cells arranged in a trabecular
pattern with focal bile pigment resembling hepatocellular
carcinoma (HCC). Immunohistochemically, these tumor
cells were positivefor HEPPAR-1, CAM5.2, cytokeratin 18
and COX-2, but negative for MUC-1, and cytokeratins 7,
20 and 8. These results supported a diagnosis of HCC
without any adenocarcinoma component. The patient is
currently doing well without any signs of recurrence in
either the remaining pancreas or liver three years after
surgery. We report the rare case with ectopic HCC in the
pancreas with a review of the literature.
© 2007 WJG . All rights reserved.
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INTRODUCTION
An abnormally positioned liver is a rare developmental
error, mostly found incidentally. It is classified into (1)
ectopic liver, which is not connected to the mother liver
and usually attached to the gallbladder or intra-abdominal
ligaments, (2) microscopic ectopic liver found occasionally
in the gallbladder wall, (3) a large accessory liver lobe
attached to the mother liver by a stalk (pedunculated liver),
and (4) a small accessory liver lobe attached to the mother
liver[1]. In many cases, distinct separation of ectopic liver
and accessory liver is difficult. The incidence of ectopic
liver has been reported to be 0.24%-0.47%[2,3]. Ectopic
liver is usually asymptomatic, but occasionally causes
unexpected problems such as intra-abdominal bleeding
and hepatocarcinogenesis[4,5]. Recently, we encountered a
patient with a pancreatic tail tumor that was histologically
diagnosed as ectopic hepatocellular carcinoma (HCC).
Herein we describe the case with a review of the literature.

CASE REPORT
A 56-year-old man had been followed up at a nearby
hospital for diabetes mellitus. In February 2004, he
underwent an abdominal ultrasound examination during
a routine check-up, which demonstrated a 65-mm tumor
in the pancreatic tail. He was therefore, referred to our
department for further investigation. Physical examination
showed no abnor mal findings. Blood chemistry on
admission was all normal except for a high HbA1c level by
6.8%. All serum markers for hepatitis B or C virus were
negative. Tumor marker levels in the serum were within
the normal range: CEA 1.7 ng/mL (normal range: < 6),
CA19-9 30 U/mL (normal range: < 37), DUPAN-2 <
25 U/mL (normal range: < 590), elastase 1180 ng/mL
(normal range: < 400), CA-50 7.7 (normal range: < 40)
and SPAN-1 15 U/mL (normal range: < 30). Serum AFP
and PIVKA-2 levels were not measured. Abdominal
ultrasound showed an encapsulated, rather heterogeneous,
hypoechoic tumor, 6.5 cm in maximum diameter, with a
beak sign (Figure 1). Plain CT showed a tumor with isodensity but partial low density in the pancreatic tail. Helical
dynamic CT revealed an irregularly enhanced tumor with
pooling of contrast medium in the delayed phase (Figure 2).
MRI demonstrated that the tumor had low intensity
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Figure 1 Abdominal ultrasound examination,
showing an encapsulated, rather heterogeneous,
hypoechoic tumor, 6.5 cm in maximum diameter,
with a beak sign.

Figure 4 Macroscopic findings.
The cut surface of the mass
was reddish-yellow, with focal
hemorrhage and a necrotic
appearance.

Figure 5 Histological findings
(HE, x 400).The tumor cells
grew in trabeculae that were
separated by sinusoid-like
blood spaces. These tumor
cells were polygonal with fine
granular eosinophic cytoplasm,
resembling hepatocytes.

Figure 6 Immunohistochemical
staining (HEPPAR-1). The
tumor cells were positive for
HEPPAR-1, suggesting that they
had the nature of hepatocytes.

Figure 2 Helical dynamic CT, revealing an irregularly enhanced tumor with
pooling of contrast medium in the delayed phase.

Figure 3 Abdominal
angiography. The tumor was
hypervascular, fed by both
the splenic artery and dorsal
pancreatic artery from the
superior mesenteric artery.

in T1-phase and irregularly high intensity in T2-phase.
Abdominal angiography showed a hypervascular tumor
fed by both the splenic artery and dorsal pancreatic artery
from the superior mesenteric artery (Figure 3). Pancreatic
hormones, including insulin, gastrin and glucagons, were
within the normal range. With a tentative diagnosis of
non-functional islet-cell tumor, the patient underwent
resection of the pancreatic body and tail with splenectomy.
At laparotomy, the tumor was confirmed to be located in
the pancreatic tail. The contour of the liver and its surface
were normal.
The gross specimen consisted of an elastic, hard and
well-demarcated tumor, 6.3 cm × 6.2 cm in size, a spleen,
and a partially resected pancreas. The cut surface of the
mass was reddish-yellow and showed focal hemorrhage
with a necrotic appearance (Figure 4).

In microscopic examination, the tumor cells grew
in trabeculae that were separated by sinusoid-like blood
spaces. These tumor cells consisted of polygonal cells
with fine granular eosinophilic cytoplasm resembling
hepatocytes (Figure 5). Bile production was also observed.
These findings supported a diagnosis of moderately
differentiated HCC. Many cancer cells were positive for
HEPPAR-1 (Figure 6), COX-2, CK18 and CAM5.2,
but negative for AFP, MOC-31, MUC1, TTF-1, CK7,
CK8, and CK20 in immunostaining. These findings
strongly suggested that this tumor was a HCC without an
adenocarcinoma component.
The patient’s postoperative course was uneventful. He
is currently doing well without any signs of recurrence in
either the remaining pancreas or the liver three years after
surgery.

DISCUSSION
Sites of ectopic liver include the gallbladder, spleen,
retroperitoneum, pancreas, adrenal gland, portal vein,
diaphragm, thorax, gastric serosa, testis and umbilical
vein[6]. Only one case of ectopic liver in the pancreas has
been reported previously[7]. Both the dorsal pancreatic bud
and the hepatic diverticulum develop from the foregut
almost at the same time in the 4th embryonic week[8]. It is
suggested that liver tissue can migrate to various organs
during embryogenesis[9]. This may explain the occurrence
of ectopic liver in the dorsal part of the pancreas.
In ectopic liver, both benign and malignant lesions
can develop. Benign lesions may be less frequent and up
to now, 10 pedunculated hemangiomas, one adenoma
and one focal nodular hyperplasia have been found[10-16].
www.wjgnet.com
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On the other hand, HCC has been reported to develop
in the ectopic liver in 34 cases, including the present one,
26 cases have been reported in Japan[4,5,17-28]. The ectopic
HCCs were found in various sites including the chest wall,
gastric wall, jejunum and pancreas. The affected patients
comprised 27 men and 7 women with a mean age of
62.5 years (range: 34-77 years). When ectopic HCCs were
detected, the mother liver showed cirrhosis in 7 patients
and chronic hepatitis in 4, while in the remaining 22
patients, the liver was normal or non-cirrhotic. Although
information on hepatitis viral status was not available in
all cases, anti-HCV antibody was positive in two of 15
patients and hepatitis B surface antigen was positive in
two of 25. It is likely that nonviral factors are involved
in the carcinogenesis. In order to support a diagnosis of
HCC in ectopic liver, non-cancerous liver parenchyma
should persist around the HCC. However, non-cancerous
liver parenchyma has not been present in most of the
cases reported up to now, including the present one, and
was presumed to have been completely replaced by the
HCC. In one case reported by Arakawa et al[4], a part of
the mass contained normal liver tissues with portal triad.
It was suggested that ectopic liver may develop HCC
much earlier than the mother liver, or that it is more prone
to hepatocarcinogenesis. Small volumes of ectopic liver
tissues do not have a complete functional architecture,
and may be metabolically handicapped, thus facilitating
carcinogenesis. The possibility of metastasis to the
pancreas was ruled out because there was no HCC in 33 of
the 34 patients with a clear description about the condition
of the mother liver. In our patient, no HCC has been
detected in the mother liver for 3 years since the operation.
In 4 (12%) of the 34 patients, ectopic HCC was revealed
because of rupture, presenting as a shock condition. The
rupture rate for ectopic HCC is similar to that for HCC in
the liver[29,30]. When abdominal crisis is encountered, this
special condition should be borne in mind. In our patient,
the tumor was detected at a routine check-up for diabetes
mellitus. CT showed a heterogeneous mass with irregular
enhancement, and abdominal angiography demonstrated
a hypervascular tumor [24] . From these findings, nonfunctional islet cell tumor was suspected. Unfortunately,
AFP and PIVKA-II were not measured, and a preoperative
diagnosis of HCC was not considered. A similar case was
described by Cardona et al[28]. In their case, the tumor was
also diagnosed as an endocrine tumor and was confirmed
to be a HCC by histological examination. In 8 of the
34 reported cases, HCC was suspected according to the
diagnostic imaging, and a high level of AFP or biopsy
findings helped establish the diagnosis. However, in most
cases, HCC was diagnosed based on the postoperative
histological examinations.
In addition to the histological findings, immunohistochemistry is necessary for differentiation between
hepatoid carcinoma and an ectopic HCC. Hepatoid
carcinoma of the pancreas is a pancreatic acinar neoplasm
showing foci of hepatocellular differentiation [31-33] .
Venous invasion by tumor cells is a frequent feature of
hepatoid adenocarcinoma, and may be associated with
poor prognosis. In the present case, adenocarcinoma
components were not present and there was no immunowww.wjgnet.com
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histochemical evidence of adenocarcinoma. Although noncancerous liver tissue was not observed, all the findings
supported the diagnosis of ectopic HCC.
In seven cases with a clear description about outcome,
recurrent lesions developed in the liver, lung or brain, while
13 patients were alive without any signs of recurrence
at 27.5 mo after surgery. Surgery, if possible, is the most
preferable treatment option.
In summary, we have reported a rare case of ectopic
HCC in the pancreas. When a heterogeneously enhanced
solid tumor is observed in the abdomen, ectopic HCC
should be bor ne in mind as a rare possibility, and
measurement of AFP is recommended.
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Its clinical picture may mimic various acute and chronic
abdominal diseases and colonoscopically it should be
differentiated from a cecal polyp or mass[2,3]. Misdiagnosis
has resulted in patients undergoing colonoscopic polypectomy to subsequent perforation and peritonitis [4].
More over, an intussuscepted appendix may be regarded
as a malignancy and the patient will undergo unnecessary
partial resection of the ileum, cecum or hemicolectomy[5,6].
In this report we present colonoscopic diagnosis of
appendiceal intussusception without an underlying cause.

CASE REPORT
Abstract
Intussusception of the appendix is a rare condition.
Most cases are diagnosed during operation of the
patients suspected to have appendicitis. In this
report we present a seventy one year-old man with
a history of periumbilical intermittent abdominal pain
for several months. None of the paraclinical tests were
useful for determining the diagnosis. Colonoscopy
performed during the last episode of abdominal pain
revealed the prolapsed appendix in the cecum and the
patient was sent to the operating room. Macroscopic
appearance of the appendix was normal and microscopic
examination revealed follicular hyperplasia and acute
focal appendicitis. Appendiceal intussusception should
be considered in differential diagnosis of intermittent
abdominal pain and colonoscopic diagnosis could be very
important to avoid dangerous or unnecessary decision
making.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Intussusception of the appendix into the cecum is a very
rare type of intussusception, with an incidence of 0.01%[1].
www.wjgnet.com

A seventy one-year old man presented with abdominal
pain relapsing every one to two months during the nine
months before diagnosis. The pain did last 24 to 48 h in
each episode. It was a sustained periumbilical dull pain with
colicky exacerbations and was associated with nausea and
loss of appetite. Physical examination revealed a soft, nondistended abdomen with mild periumbilical tenderness and
normal bowel sounds. No abdominal mass was palpated.
Blood or mass was not detected in rectal examination. The
remainder of his physical examination and vital signs were
normal. Complete blood count examination (CBC), stool
examination, upright and supine abdominal radiographies
were nor mal. Each time the pain was relieved by
administration of antispasmodic medication. In one of
the episodes the patient was admitted to the hospital due
to right lower quadrant tenderness on physical exam and
appendectomy was planned. Before going to the operating
room the pain was relieved spontaneously. All paraclinical
tests including CBC, stool examination, urine analysis,
liver function tests and abdominopelvic sonography
during the episode and CT scanning, taken after the pain
episode, were reported as normal. He had refused to do
colonoscopy in previous episodes of pain.
He denied any past history of weight loss, urinary
symptoms, melena, hematochezia constipation or recent
change in bowel habits. He reported a family history of
metastatic neuroendocrine tumor of cecal origin in his
brother and adenocarcinoma of the colon in a cousin.
He was visited in our hospital during the last episode
of abdominal pain for the first time. He had a mild
tenderness in the right lower quadrant without guarding or
rigidity. A total colonoscopy was accomplished before the
symptoms completely subsided. The mucosal appearance
of all parts was normal up to the cecum where a polypoid
erythematous lesion with a diameter of 1.5 cm was
observed at the cecal base (Figure 1). The border of the
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Figure 1 Endoscopic view of cecum and intussuscepted appendix.

Figure 3 The lamina propria of the appendix is obliterated by lymphoid aggregates
with prominent germinal centers.

Figure 2 Colonoscopic finding: sessile polypoid lesion touched by closed pence.

Figure 4 Muscularis propria is infiltrated by few polymorphonuclear leukocytes.

lesion was firm and its central part was soft (Figure 2).
Despite relief of symptoms, an exploratory laparotomy
and appendectomy was considered because of a strong
family history of malignancy and long lasting symptoms.
At laparotomy the appendix had not an inflammatory
feature and was not intussuscepted but it could be pushed
easily in and out of the cecum. No other abnormality was
observed and a simple appendectomy was performed.
Gross appearance of the appendix did not show any
sign of congestion or dilatation of small blood vessels
on the serosal surface. Cut sections did not show pus or
inspissated fecal materials.
Histological examination of the specimen was only
remarkable for follicular hyperplasia in part of the mucosa
(Figure 3) and infiltration of muscularis propria by a few
polymorphonuclear leukocytes compatible with acute
focal appendicitis (Figure 4). The patient was discharged
in a few days and he was asymptomatic after 5 mo. Since
he had episodes of abdominal pain every 1 to 2 mo, this
would be a good sign of recovery. The patient’s follow up
will be continued.

4-5:1)[7]. Four different presentations have been described
for appendiceal intussusception. The first type of
presentation mimics acute appendicitis. The second type
presents with typical symptoms of intussusception, that is,
abdominal pain and vomiting for several days, occasionally
associated with diarrhea and melena. The third type
presents with recurrent bouts of right lower quadrant pain,
vomiting and melena, which may last for weeks to months.
The final presentation is totally asymptomatic. Painless
hematochezia may also be present[8].
Specific anatomic requirements as well as pathological
conditions causing irritation or increasing peristalsis
should be present for appendiceal intussusception to
occur [9] . Pathologic lesions within the lumen of the
appendix that may lead to intussusception have been
reported as calcified fecalith [10] , mucosa-associated
lymphoma [11] , juvenile polyp [12] , villus adenoma [13] ,
mucocele [14], adenocarcinoma [15,16], carcinoid tumor [17],
endometriosis [18,19] and inflammatory polyp in Crohn’s
disease [20]. In some cases no underlying abnormality is
identified and abnormal peristalsis caused by local irritation
seems to be the essential mechanism. While some authors
favor hyperperistalsis of the vermiform appendix, others
consider the intestinal peristalsis responsible for milking
the appendix into the cecum[21,22]. In our case, there was no
significant pathologic lead point for intussusception.
According to the literature, intussusception of the
appendix has been classified into different types (Table 1)[23].
In our case, colonoscopic appearance and surgical findings

DISCUSSION
Intussusception of the appendix may occur at any age. In
a review of 118 cases, the age of occurrence is reported
to range from 10 mo to 75 years with an average age of 16
years. The majority occurred in children younger than 10
years of age, most commonly in males (male: female ratio
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Table 1 Types of appendiceal intussusception
Intussusceptions
Distal appendix
Proximal appendix
Cecum
Distal appendix
Entire appendix

Invaginated portion of appendix
Tip
Tip
Base
Proximal wall
Entire appendix

Type
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

www.wjgnet.com

Volume 13

Number 31

In conclusion, colonoscopy is a useful diagnostic tool
in evaluation of unexplained abdominal pain and equivocal
radiographic studies and it is accurate and valuable in
diagnosis of intussusception of the appendix and selecting
the appropriate management.
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Abstract
We reported a 55-year-old man who suffered from chest
pain and dyspnea on exertion for two weeks associated
with night sweating, general malaise, poor appetite, and
body weight loss. Physical examination revealed friction
rub with distant heart sound, bilateral clear breathing
sound, no abdomen tenderness, and normal bowel
sound. Subsequent chest X-ray revealed cardiomegaly
and cardiac echo showed massive pericardial and pleural
effusion with normal left ventricular function. Constrictive
pericarditis was diagnosed based on clinical information.
Tuberculosis (TB), malignancy, autoimmune disease,
infection, hypothyroidism, and idiopathic could be the
causes but excluded by further study. High-resolution
lung CT scan after reconstruction revealed a moderate
amount pericardial effusion with possible superimposed
infection. Thickness of pericardium and left lobe liver
abscess were found. A straight tubular structure about
6 cm in length transverses the lateral segment of liver
to pericardial space and unknown foreign body was
suspected. Laparotomy was performed, 6.5 cm toothpick
was found through the liver into pericardium. Postoperative course was uneventful and he discharged one
week later. The patient could not remember swallowing
the toothpick before. He had no chest pain and dyspnea
on exertion during a 6-mo follow-up period.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Toothpick is a common cause of foreign body ingestion.
It usually resulted in perforation of gastrointestinal tract
with life-threatening peritonitis. In some conditions, it
may cause inflammatory mass formation while penetrating
into solid organs such as liver[1-10] or pancreas[11] instead of
hollow organ. Mis-swallowing of toothpick is always hard
to be diagnosed and the definite diagnosis is usually made
during surgery because toothpick could be demonstrated
on image study in only 14% cases and the patient always
did not remember this event[12].
Pericardial injury by toothpick is very rare and totally
two cases have been reported in the literature [13,14]. We
conducted a systemic review of the literature of injury
from ingested toothpick with migration into liver and
heart. To our knowledge, we reported the first case of
pericardial effusion due to toothpick injury correctly
diagnosed preoperatively and receiving successful
treatment with uneventful postoperative course.

CASE REPORT
The 55-year-old man was quite well but suffered from
chest pain and dyspnea on exertion until two weeks
ago before admission in December 2006. The pain was
vague and compressive, especially at the right chest,
and aggravated by exercise and when the patient was
lying at right decubitus position. In addition, the patient
complained of night sweating, general malaise, poor
appetite, and body weight loss. He had hypertension and
took anti-hypertensive drug regularly, and no history of
other diseases.
On admission, his blood pressure was 150/70 mmHg,
heart rate 89 beats/min, respiratory rate 20 breaths/
min, and temperature 36.8℃. There was no vomiting,
jaundice, dysuria, chills, or abdominal distention. Physical
examination revealed friction rub with distant heart sound,
bilateral clear breathing sound, no abdomen tenderness,

Liu YY et al . Pericardial effusion due to toothpick injury

Figure 1 High resolution chest computed tomography (CT) revealed a moderate
amount of pericardial effusion with possible superimposed infection. Thickness
of pericardium and left lobe liver abscess were found. A straight tubular structure
about 6 cm in length transverses the lateral segment of liver to pericardial space
and unknown foreign body was suspected.
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Figure 3 Gross findings of a toothpick measuring 6.5 cm in length.

Table 1 Summary of mis-swallowing of toothpick migrating
into other organs from gastrointestinal tract in the literature
Migration organs

Origin

n

Heart[13,14]
Liver[1-10]

Unknown
Stomach
Duodenum
Unknown
Duodenum
Small bowel
Unknown
Duodenum
Cecum
unknown

2
5
3
2
4
1
1
1
1
1

Vessel[15-20]

Pancreas[12]
Ureter[21]
Bladder[22]

Figure 2 Operative findings revealed severe adhesion between liver and
diaphragm. After the space was divided between the liver and diaphragm, a
toothpick was found through the liver into pericardium.

and nor mal bowel sound. The following laboratory
data were recorded: white blood count 9900 cell/ μ L
(5000-10 000 cell/ μ L), hemoglobin 12.1 (14-17) g/dL,
total bilirubin 0.7 (0.0-1.3) mg/dL, BUN 21 (6-21) mg/dL,
creatinine 1.2 (0.4-1.4) mg/dL, albumin 3.9 (3.5-5.5) g/dL,
negative hepatitis B surface antigen and hepatitis C
antibody, negative urine analysis. Subsequent chest X-ray
revealed cardiomegaly and cardiac echo showed massive
pericardial effusion and pleural effusion with normal left
ventricular function.
Constrictive pericarditis was diagnosed based on clinical
information. Tuberculosis (TB), malignancy, autoimmune
disease, infection, hypothyroidism, and idiopathic could be
the causes. Subsequent sputum TB smear showed negative
acid-fast stain. Analysis of pleural effusion was recorded
as follows: LDH 70 U/L, glucose 111 mg/dL, and
WBC 1765 cell/µL (< 100 cell/µL). Cytology of pleural
effusion revealed no malignant cell. Pleural effusion smear
was negative for bacteria or acid-fast stain. Autoimmune
antibody study showed C3: 188 (90-180) mg/dL, C4
60.5: (10-40) mg/dL, and negative antinuclear antibody
(ANA) (< 1:80). Tumor marker revealed CEA 1.33 (< 5)
ng/mL and AFP 3.5 (< 15) ng/mL. Thyroid function

test showed TSH: 0.715 (0.35-5.5) µIU/mL and free-T4:
1.22 (0.89-1.76) ng/dL. Common causes of constrictive
pericarditis were all excluded.
Because of his unusual presentation, we arranged the
high-resolution lung CT scan. CT scan after reconstruction
revealed a moderate amount of pericardial effusion with
possible superimposed infection. Thickness of pericardium
and left lobe liver abscess were found. A straight tubular
structure about 6 cm in length transversed the lateral
segment of liver to pericardial space and unknown foreign
body was suspected (Figure 1).
Because of prog ression of symptom and sign,
laparotomy was performed and severe adhesion was found
between the liver and diaphragm and the other adhesion was
localized between lesser curvature of the stomach and lateral
segment of the liver. After dividing the space between the
liver and diaphragm, we found a 6.5-cm toothpick through
the liver into pericardium (Figures 2 and 3). The toothpick
was removed and pericardium was open for drainage of
pericardial effusion. Fibrin-coating material was found in
pericardial space. Post-operative course was uneventful
and he discharged one week later. The patient could not
remember swallowing the toothpick before. He had no
chest pain and dyspnea on exertion during a 6-mo follow-up
period.

DISCUSSION
Toothpick is a common cause of foreign body ingestion,
however, 80%-90% of ingested toothpick pass through
www.wjgnet.com
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Table 2 Summary of toothpick migrating into liver
Case No.
1[1]
2[2]
3[3]
4[4]
5[5]
6[6]
7[7]
8[8]
9[9]
10[10]

Age/Sex
59/M
63/M
48/F
59/M
NA
48/M
52/M
NA
NA
NA

S/S

Pre-op diagnosis of FB

RUQ pain
RUQ pain cholangitis
RUQ pain
RUQ pain fever
NA
RUQ pain
BW loss
NA
NA
NA

Yes
Negative (liver pseudotumor)
Negative (Liver abscess)
Yes
Endoscope dx
Negative (Liver abscess)
Yes
Negative (Liver abscess)
Negative (Liver abscess)
Negative (Liver abscess)

Perforation or peritonitis Treatment Primary site of toothpick Mortality
Unknown
Unknown
NA

Antibiotics
Lapa
Lapa
Lapa
Endo
Lapa
Lapa
Unknown
Unknown
NA

Duodenum
Stomach
Stomach
Stomach
Stomach
Duodenum
Duodenum
Unknown
Stomach
NA

Nil
Nil
Nil
Nil
Nil
Nil
Nil
NA
NA
NA

M: male; F: female; S/S: symptom/sign; Pre-op: preoperative; FB: foreign body; RUQ: right upper quadrant; BW: body weight; NA: not available; Lapa:
laparotomy; Endo: endoscopy.

Table 3 Summary of toothpick migrating into heart
Case No. Age/Sex S/S
Case 1[13]
Case 2[14]

Our case

67/F

Chest pain
Tamponade
53/M Dyspnea
Chest pain
Fever
55/M Dyspnea
Chest pain

Pre-op diagnosis Perforation Treatment Primary site
of FB
or peritonitis
Negative
Negative
Sternotomy NA

Post-op diagnosis

Negative

Negative

Toothpick migrating to pericardium and
right coronary artery laceration
Sternotomy Diaphragm site of heart Toothpick migrating to pericardium

Positive

Negative

Laparotomy Stomach

Toothpick migrating to pericardium
through liver

Mortality
Nil

Nil

Nil

M: male; F: female; S/S: symptom/sign; Pre-op: preoperative; FB: foreign body; NA: not available.

the gastrointestinal tract without any complication[15]. It
may sometimes result in the perforation of gastrointestinal
tract with life–threatening peritonitis. It rarely causes
inflammatory mass formation while penetrating into solid
organs such as liver or pancreas. Similar to this case, few
patients (12%) remember swallowing a toothpick. The
onset of symptoms ranged in a wide variation from less
than one day to 15 years. As demonstrated in this case,
toothpicks could be identified by imaging studies, but only
seen in 14% of the cases. The definitive diagnosis was
most commonly made at laparotomy (53%) and followed
by endoscopy (19%), with an overall mortality rate of
18%[12].
Totally, 170 articles have been identified and the origin
site of toothpick can be identified in 62 cases in the
literature (Table 1). Among them, 21 patients had different
complications due to migration of toothpicks to a solid
organ or vessels[1-11,13-22]. Migration from gastrointestinal
tract comprised 30% cases and 38.5% of those are from
duodenum. If cases presenting with liver abscess or
pseudotumor, gastrointestinal bleeding, sepsis, hematuria
instead of the symptom of hollow organ perforation
increased the difficulty of pre-operative diagnosis.
Migration of a toothpick to the liver was reported
in 10 cases (Table 2) and usually occurred in old male
patients with right upper quadrant pain and cholangitis[1-10].
An inflammatory mass mimicking liver abscess and
pseudotumor with the picture of hepatocellular carcinoma
or chlangiocarcinoma could be demonstrated in the image
study. Among them, four cases had a definite diagnosis
www.wjgnet.com

before operation with advanced image study. The origin of
migration to the liver is duodenum or stomach.
Acute pericarditis is a clinical syndrome with many
possible causes, including idopathic, viral, neoplastic
disease, heart surgery, myocardial infarction, autoimmune
disease, infection, and foreign body. More than 90% cases
resulted from idiopathic or viral cause[23]. Presentation of
constrictive pericarditis due to complication of ingested
toothpick is sporadically reported [13,14]. Different from
the previous two reported cases, we had a definitive and
correct pre-operative diagnosis (Table 3). We also clearly
revealed a straight tubular structure transversing the lateral
segment of the liver to pericardial space caused by an
unknown foreign body with reconstructive chest computed
tomography.
In conclusion, we clearly demonstrated and successfully
diagnosed and treated a case with migration of toothpick
form stomach through liver into pericardium.
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Abstract
A s s e s s m e n t o f h e p a t i c f i b r o s i s i s i m p o r t a n t fo r
determining prognosis, guiding management decisions,
and monitoring disease. Histological evaluation of liver
biopsy specimens is currently considered the reference
test for staging hepatic fibrosis. Since liver biopsy carries
a small but significant risk, noninvasive tests to assess
hepatic fibrosis are desirable. This editorial gives an
overview on noninvasive methods currently available to
determine hepatic fibrosis and their diagnostic accuracy
for predicting significant fibrosis and cirrhosis in chronic
hepatitis C. Based on available data, the performance of
simple tests derived from routine laboratory parameters
appears to be similar to that of more complex and
expensive fibrosis panels. Transient elastography seems
more accurate than blood tests for diagnosing cirrhosis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatic fibrosis is the basis for the development of portal
hypertension, complications of chronic liver disease
including esophageal varices and/or ascites, and liver
failure. Assessment of the degree of hepatic fibrosis (i.e.
staging) is important for several reasons: (1) to determine

the prognosis of chronic liver disease, (2) to select patients
for specific (antifibrotic) treatment, and (3) to monitor the
success of treatment.
Assessment of hepatic fibrosis is especially relevant
in the context of chronic hepatitis C. In developed
countries, chronic hepatitis C is one of the leading
causes of cirrhosis, hepatocellular carcinoma, and liver
transplantation. The stage of fibrosis carries important
prognostic information as it is closely related to the risk for
development of cirrhosis[1]. Antiviral treatment of chronic
hepatitis C aims at viral eradication and/or prevention of
fibrosis progression. However, current standard treatment
with peginterferon/ribavirin has limited efficacy and is
associated with severe side effects. Especially in difficultto-treat patients with hepatitis C virus (HCV) genotype
1 infection and average cure rates of only 50%, the
indication for antiviral treatment is selective and based
on several factors such as age, concomitant diseases, and
fibrosis stage. Hence, in HCV genotype 1 patients antiviral
treatment has been primarily recommended for patients
with at least significant fibrosis[2].
Currently, histological scoring is the reference test for
staging of hepatic fibrosis. However, since liver biopsy
is associated with complications, noninvasive methods
for assessment of hepatic fibrosis are desired by both
clinicians and patients. Different approaches to estimate
liver fibrosis noninvasively have been pursued, including
indirect fibrosis tests based on routine liver function
parameters, direct fibrosis tests based on extracellular
matrix proteins, and physical methods that estimate
fibrosis by measuring hepatic stiffness.
These noninvasive fibrosis tests are being intensely
investigated in liver disease of various etiologies and
several comprehensive reviews have been published
recently[3-6]. However, the clinical impact of the numerous
proposed methods remains unclear at present. This
Editorial is intended to give an overview on currently
available blood tests and physical methods for assessment
of hepatic fibrosis and focuses on comparison of their
diagnostic accuracies for predicting clinically relevant
stages (significant fibrosis, cirrhosis) of chronic HCV
infection.

IS LIVER BIOPSY AN ADEQUATE
REFERENCE TEST?
Histological evaluation of percutaneous liver biopsy

www.wjgnet.com
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specimens is currently used as a gold standard for
assessment of hepatic fibrosis in chronic HCV infection.
Fibrosis is usually staged semi-quantitatively by the
pathologist using one of several published scoring
systems. However, liver biopsy carries a significant risk and
histological staging has several shortcomings as outlined
below that limit its diagnostic accuracy.
Risk of percutaneous liver biopsy
Among the complications of percutaneous liver biopsy
are pain (10%-30%), bleeding (which may be severe and
necessitate blood transfusion or emergency surgery),
biliary peritonitis, and pneumothorax. In large series,
mortality has been reported to range from 0.1%-0.01%[7,8].
Percutaneous liver biopsy is contraindicated in the presence
of coagulopathy, thrombocytopenia, and ascites. These
contraindications may be in part obviated by transjugular
liver biopsy; however, this method is not widely available.
Sampling error
An average needle biopsy specimen represents only
1/50 000 of a human liver. Sampling error thus may play
an important role in diseases that exhibit a patchy rather
than homogenous distribution within the liver. In a study
investigating simultaneous biopsies from the left and right
liver lobes during laparoscopy, fibrosis scores obtained in
both biopsy sites differed by at least one stage in 33% of
the patients[9]. Furthermore, Bedossa et al[10] demonstrated
that the length of the biopsy core is positively related to
the precision of fibrosis scoring. Likewise, Colloredo et al[11]
reported that in liver biopsy specimens of inadequate size
stage is likely to be underscored in chronic viral hepatitis.
Based on these studies, liver biopsy cylinders with a length
of ≥ 20 mm (at a width of 1.4 mm) and/or at least 11
complete portal tracts have been identified as minimal
requirements for optimal histological evaluation of
fibrosis in chronic hepatitis C. However, with respect to
the evaluation of noninvasive fibrosis tests, most studies
did not accurately report whether these requirements for
adequate liver biopsy specimens were met[12].
Interobserver variation
As scoring is subjective, observer error also plays an
important role. Interobserver variation is largely dependent
on the experience of the pathologist. In a study evaluating
interobserver variation between 10 different experienced
pathologists, substantial agreement was found for staging
fibrosis (kappa 0.78) while variation was considerably
higher for grading inflammatory activity[13,14].
Lack of a universal scoring system of fibrosis
The interpretation of studies assessing hepatic fibrosis
is further hampered by the lack of standardization of
hepatic fibrosis scores. Several scoring systems have been
developed that classify the degree of hepatic fibrosis either
on a 5-step scale (F0-F4) including the Knodell fibrosis
score[15], the Scheuer fibrosis score[16], and the METAVIR
fibrosis score [13], or on a 7-step scale (F0-F6) such as
the Ishak fibrosis score[17]. Significant fibrosis has been
defined as F2-F4 or F3-F6 and cirrhosis as F4 or F5-F6,
www.wjgnet.com
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respectively. To date, liver pathologists have not reached
a universal consensus on the standardization of scoring
systems. However, histopathological scoring of fibrosis by
different systems appears to be quite robust as comparison
of the Ishak and METAVIR fibrosis scores yielded
excellent agreement (weighted kappa 0.998)[14].

INDIRECT FIBROSIS TESTS
Several indirect fibrosis tests (indices composed of routine
laboratory parameters that reflect changes in liver function)
have been suggested as surrogate marker of hepatic
fibrosis. Most of them are readily available at no additional
cost, albeit they may require the use of a pocket calculator
or access to the internet.
Aspartate aminotransferase/Alanine aminotransferase
ratio
Almost three decades ag o, the ratio of aspar tate
aminotransferase to alanine aminotransferase (AST/ALT
ratio, AAR) has been proposed as a surrogate marker
of hepatic fibrosis, with values > 1 being suggestive of
cirrhosis[18]. This finding is related to an increased release
of mitochondrial AST, decreased AST clearance and/or
impaired synthesis of ALT in advanced liver disease.
However, discrepant results have been published on the
diagnostic accuracy of the AAR. Giannini et al[19] reported
high diagnostic accuracy of the AAR for prediction of
cirrhosis and significant fibrosis[20]. In contrast, Lackner et
al[21] found the diagnostic accuracy of AAR to be clearly
inferior to that of other indirect fibrosis tests based on
routine laboratory parameters.
Platelet count
Hepatic fibrosis may lead to thrombocytopenia as a
consequence of impaired synthesis of thrombopoietin
and/or sequestering of platelets in an enlarged spleen.
Surprisingly, few data exist on the diagnostic value of
platelet count per se although the platelet count has been
included in several composite fibrosis scores. Ono et al[22]
reported the use of platelet count could discriminate F4
from F1-F3 in 75%-80% of patients with chronic hepatitis
C. In our own study, a platelet count of < 150 × 109/L
had a positive predictive value (PPV) > 90% for significant
fibrosis, whereas at a cut-off of ≥ 150 × 109/L it had a
negative predictive value (NPV) > 90% for cirrhosis[21].
Platelet count has been combined with age in the ageplatelet index[23] or with AAR and prothrombin time in the
cirrhosis discriminant score (CDS)[24] but the diagnostic
accuracy of these composite scores was not superior to
platelet count per se[21]. In addition, platelet count is a
component of AST to platelet ratio index (APRI), model 3,
Forns index, Fibrometer, and FibroIndex.
AST to platelet ratio index (APRI)
The APRI was described by Wai et al[25] from Anna Lok’s
group at Ann Arbor University. It is calculated as
APRI = [(AST/Upper limit of normal)/platelet count (109/
L)] × 100
This test is derived from readily available laboratory
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parameters and usually requires a pocket calculator.
Its diagnostic accuracy for both significant fibrosis
and cirrhosis has been confirmed by several external
studies[21,26-30]. Using the cut-offs proposed by Wai et al,
approximately 50% of the patients can be correctly
classified without a liver biopsy.
Model 3
Lok et al [31] proposed another prognostic model for
prediction/exclusion of cirrhosis in patients with chronic
hepatitis C which is based on platelet count, AST, and
prothrombin time expressed as international normalized
ratio (INR). This index may be derived from the regression
formula:
log odds = -5.56 - 0.0089 × platelet (× 109/L) + 1.26 ×
AST/ALT ratio + 5.27 × INR
or by a calculator available at the web site of the HALT-C
trial (www.haltctrial.org). Using model 3 at a cut-off of
< 0.20, cirrhosis could be excluded with an NPV of 99%.
Forns index
Forns et al[32] developed an index derived from age, gammaglutamyl transferase (GGT), cholesterol, and platelet
count in a study of 476 untreated HCV patients, which is
calculated as follows:
7.811 - 3.131 × ln (platelet count) + 0.781 × ln (GGT) +
3.467 × ln (age) - 0.014 × (cholesterol [mg/dL])
In their study, the area under the receiver operating
characteristic curve (AUROC) for prediction of significant
fibrosis (F2-F4 according to the Scheuer classification)
was 0.86 in the test set and 0.81 in the validation set. The
diagnostic accuracy of this index has been confirmed in
patients with HIV-HCV coinfection[33].
Fibrotest/Fibrosure
French investigators analyzed an extensive array of
biochemical tests in 339 patients with chronic hepatitis C
and identified a panel of 5 markers which could best predict
the stage of fibrosis: α 2-macroglobulin, haptoglobin,
apolipoprotein A1, GGT, and total bilirubin[34]. This test has
been marketed as FibrotestTM (Biopredictive, Paris, France)
in Europe and as FibrosureTM (LabCorp, Burlington, NC)
in the United States. In contrast to the above mentioned
indirect fibrosis tests, calculation of the Fibrotest by a
patented algorithm is subject to payment of a fee to the
manufacturer. The Fibrotest has been validated internally
and externally in several studies in patients with chronic
hepatitis C[35-38]. Interestingly, a recent study suggested that
Fibrotest was a better predictor than histologic staging for
complications of chronic hepatitis C[39]. Fibrotest was also
found to predict fibrosis in alcoholic[40] and non-alcoholic[41]
fatty liver disease. The diagnostic accuracy of this test is
limited by hemolysis (leading to a reduction in haptoglobin),
Gilbert’s syndrome (increasing the bilirubin level), and
recent or ongoing infection (leading to elevations of α2macroglobulin and haptoglobin).
FibroIndex
Recently, Japanese investigators proposed another index
composed of platelet count, AST, and gamma globulin:
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1.738 - 0.064 (platelets [× 104/mm3]) + 0.005 (AST [IU/L])
+ 0.463 (gamma globulin [g/dL])
The AUROC for prediction of significant fibrosis was 0.83
(0.82 in the validation set) which was slightly superior to
APRI or the Forns index assessed in the same study[29].

DIRECT FIBROSIS TESTS
Serum levels of extracellular matrix (ECM) proteins reflect
the balance between hepatic fibrogenesis and fibrolysis
and have been proposed as direct markers (biomarkers)
of hepatic fibrosis. In addition, several fibrosis panels (i.e.
combinations of such biomarkers) have been developed
and some of them are now available for commercial use.
While these biomarkers or panels thereof are directly
related to the deposition of fibrotic material, their
diagnostic performance in hepatic fibrosis may be limited
by extrahepatic confounding factors such as systemic
inflammation or renal failure.
Hyaluronic acid
Hyaluronic acid (HA) is a polysaccharide present in
ECM and elevated in serum in patients with hepatic
fibrosis. Commercial test kits are available from Corgenix
(Westminster, Colorado). The diagnostic accuracy of HA
was found to be superior to that of procollagen type Ⅲ
N-terminal peptide (PⅢNP)[42] and its diagnostic accuracy
was confirmed in a large study of 486 HCV patients[43].
HA was also found to be an accurate marker of severe
hepatic fibrosis in nonalcoholic fatty liver disease[44].
Extracellular matrix proteins
Procollagen peptides: PⅢNP is a product of cleavage
of procollagen and has been proposed as a ser um
marker of hepatic fibrosis more than two decades ago[45].
However, in several studies in patients with chronic HCV
infection, this biomarker showed only moderate diagnostic
accuracy[42,46,47].
Matrix metalloproteinases and inhibitors: Excess
ECM proteins are degraded by matrix metalloproteinases
(MMPs) which are in turn inhibited by tissue inhibitors of
metalloproteinases (TIMPs). Since both MMPs and TIMPs
are related to matrix protein turnover, their serum levels
have been used as fibrosis markers. However, studies on
the correlation of MMP-1, MMP-2, MMP-9, TIMP-1, and
TIMP-2 with hepatic fibrosis have produced conflicting
results[48-50]. TIMP-1 is a component of several composite
fibrosis panels (see below).
YKL-40: YKL-40 is a glycoprotein believed to play a
role in ECM degradation. In a study of 109 patients with
chronic HCV infection, this biomarker showed similar
diagnostic accuracy to HA for significant fibrosis, while its
ability to diagnose cirrhosis was inferior to that of HA[51].

COMPOSITE FIBROSIS PANELS
Combinations of one or more biomarkers with indirect
fibrosis tests have been suggested as noninvasive fibrosis tests.
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Fibrospect Ⅱ
The Fibrospect Ⅱ assay (Prometheus Laboratories Inc.,
San Diego, CA) uses HA, TIMP-1 and α2-macroglobulin.
This test was found to accurately predict significant fibrosis
in a study of 294 HCV patients and validated in an external
cohort of 402 HCV patients [52]. This test was further
validated in a study comparing the diagnostic accuracies of
APRI, Forns index, Fibrotest, and Fibrometer[26].
Enhanced liver fibrosis (ELF)
In a European multicenter study of 1021 patients with
chronic liver disease of different etiologies, an algorithm
c o n s i s t i n g o f a g e, H A , P Ⅲ N P, a n d T I M P - 1 wa s
developed[53]. Using the Scheuer fibrosis score as a reference
test, its overall diagnostic accuracy was similar to that of
other noninvasive fibrosis tests (AUROC 0.78 for significant
fibrosis, 0.89 for cirrhosis). Performance of the algorithm
was slightly lower in a subgroup of patients with chronic
hepatitis C (n = 325, AUROC 0.77 for prediction of F3-F4).
This test is being marketed as Enhanced Liver Fibrosis
(ELFTM) test by Siemens Medical Solutions Diagnostics
(Tarrytown, NY).
Hepascore
This model was developed by Australian investigators and
is derived from bilirubin, GGT, HA, α2-macroglobulin,
age and sex. High diagnostic performance was reported
for both significant fibrosis and cirrhosis[54], but external
validation yielded somewhat lower diagnostic accuracies[30].
Fibrometer
The Fibrometer test incorporates α2-macroglobulin, HA,
AST, platelet count, prothrombin index, urea, and age. Cales
et al[26] reported superior diagnostic accuracy of Fibrometer
to Forns index, Fibrotest, and APRI. However, this finding
was not confirmed in an external validation study[30]. Several
Fibrometers are now commercially available at BioLiveScale
(Angers, France) for assessment of fibrosis in chronic viral
hepatitis (Fibrometer V), alcoholic liver disease (Fibrometer
A), and metabolic steatopathy (Fibrometer S).

PHYSICAL METHODS/IMAGING
Radiological techniques such as ultrasound, CT scan or
MRI can accurately detect cirrhosis at advanced stages with
hepatic nodularity or signs of portal hypertension such
as splenomegaly, presence of portosystemic collaterals
or ascites. However, these techniques fail to detect earlier
stages of hepatic fibrosis or cirrhosis. Recently, special
techniques for assessment of liver stiffness (elastography)
have been developed.
Transient elastography
Transient elastography by FibroscanTM (Echosens, Paris,
France) is a promising technique that estimates the degree
of hepatic fibrosis by measuring liver stiffness[55]. The
Fibroscan transmits a vibration of low frequency into the
liver from a probe that includes an ultrasonic transducer.
The vibration waves induce an elastic shear wave whose
velocity is proportional to the stiffness of the tissue. Shear
www.wjgnet.com
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wave velocity is measured by pulse-echo ultrasound and
results are expressed in kPa. In cirrhotic patients, liver
stiffness measurements (LSM) show a wide range from
approximately 12 to 75 kPa. The Fibroscan samples a
volume of approximately 4 cm3 which is considered more
representative of the entire liver than a needle biopsy
specimen. Measurements can be quickly performed in
5 min and are highly reproducible. However, steatosis
may confound its value to estimate fibrosis. Furthermore,
measurement is heavily limited or impossible in obesity,
ascites or in patients with narrow intercostal spaces.
The Fibroscan has been studied in various liver
diseases including chronic hepatitis C [56] and primary
biliary cirrhosis[57] demonstrating good diagnostic accuracy.
A small study in patients with chronic HCV infection
and persistently normal transaminases even reported
values of 100% for sensitivity, specificity, PPV and NPV,
respectively[58]. In a study of 711 patients with chronic
liver disease of various etiologies, LSM was closely related
to fibrosis stage (r = 0.73) and high diagnostic accuracy
was found for the diagnosis of cir rhosis (AUROC
0.96) [59]. Ganne-Carrie et al [60] further elaborated LSM
for diagnosing cirrhosis and confirmed high diagnostic
accuracy (AUROC 0.95) at a cut-off value of 14.6 kPa with
some false-negative results due to inactive or macronodular
cirrhosis. Another large study evaluated the success rate
and performance of LSM in 935 patients with chronic
HCV infection and reported successful measurements in
97% of the patients, while fatty thoracic belt was the major
limiting factor[61]. Interestingly, recent data indicate a close
correlation between LSM and portal pressure as estimated
by the hepatic venous pressure gradient (HVPG) in
patients with HCV-related cirrhosis[62] as well as recurring
hepatitis C following liver transplantation[63]. Vizzutti et al[62]
reported a good correlation between LSM and HVPG
(r = 0.82) at lower portal pressures (< 12 mmHg) and
suggested that, at a cut-off of 13.6 kPa, LSM could reliably
predict or exclude clinically significant portal hypertension
(CSPH, i.e. a portal pressure of ≥ 10 mmHg) which is
the prerequisite for the formation of esophageal varices.
Thus, LSM may be the method of choice to characterize
the severity of cirrhosis in patients without CSPH while
at the same time it could be used to identify patients with
CSPH that may benefit from portal pressure measurement
by hepatic vein catheterization. This approach should be
prospectively tested in future studies.
Real-time elastography
Another attractive approach is the development of
real-time ultrasound systems equipped with special
elastography modules that allow estimation of liver fibrosis
with conventional ultrasound probes during a routine
sonography examination. First results obtained with the
Hitachi EUB-8500 system were recently presented[64]. In
79 patients with chronic viral hepatitis, the AUROC for
diagnosis of significant fibrosis was 0.75 (elasticity score)
or 0.93 (combined elasticity-laboratory score).
Magnetic resonance imaging
Aguirre et al[65] from the University of California at San
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Diego proposed noninvasive diagnosis of liver fibrosis
using double contrast material-enhanced MR imaging. In
a retrospective study in 101 patients, this method could
detect advanced fibrosis (METAVIR fibrosis score ≥ 3)
with a sensitivity and specificity of > 90%.

Table 1 Overview of studies on noninvasive fibrosis tests in
chronic hepatitis C
n

Indirect fibrosis tests
AST/ALT ratio

COMBINED METHODS

Platelet count

The highest diagnostic accuracies have to date been
reported with the combined use of different methods with
synergistic performance.

APRI

Fibroscan/Fibrotest
Castera et al[66] investigated APRI, Fibrotest, Fibroscan
and combinations thereof in 183 patients with chronic
hepatitis C. For significant fibrosis (but not cirrhosis),
the combination of Fibroscan and Fibrotest had superior
diagnostic accuracy (AUROC 0.88) to that of respective
individual tests.

Model 3
Forns index

Fibrotest/Fibrosure

Sequential algorithms
The sequential use of several markers may overcome some
of the limitations of individual markers. Sebastiani et al[67]
developed three different sequential algorithms (including
APRI, Fibrotest and/or Forns index) for the diagnosis of
significant fibrosis with elevated ALT, significant fibrosis
with persistently normal ALT, and cirrhosis, respectively,
which allowed to classify 100% of the patients for each
entity.

FibroIndex
Direct fibrosis tests
Hyaluronic acid
PIIINP
TIMP-1
YKL-40
Composite fibrosis panels
Fibrospect Ⅱ

COMPARISON OF DIFFERENT
NONINVASIVE FIBROSIS TESTS
Table 1 gives an overview of the diagnostic accuracies
of various noninvasive tests for assessment of clinically
relevant stages of hepatic fibrosis. All tests showed a better
performance for diagnosing cirrhosis (AUROC 0.90-0.95)
than for significant fibrosis (AUROC clustering around
0.80). With respect to significant fibrosis, the diagnostic
accuracy of complex biomarker panels or newer physical
methods was not superior to that of simple tests based
on routine laboratory parameters. However, transient
elastography appears more accurate than blood tests for
diagnosing cirrhosis and may be especially useful for
detection of clinically significant portal hypertension.
It should be noted that many of the reported tests have
not yet undergone adequate external validation. Besides,
direct comparison of different studies is hampered by
variation in the reference test (sampling error, observer
variation, use of different scoring systems) and different
distribution of fibrosis stages within the study populations.
In a recent study, Poynard et al[68] reported an important
influence of biopsy size and fragmentation on the
diagnostic accuracy of the Fibrotest. Such variation of
the ‘gold standard’ may lead to underestimation of the
diagnostic performance of noninvasive tests.
Few trials have directly compared different tests in
the same populations of patients with chronic hepatitis
C. Lackner et al[21] evaluated several noninvasive fibrosis
tests based on routine laboratory parameters and found

ELF
Hepascore
Fibrometer

194
409
194
409
270
194
503
235
206
360
356
1141
476
503
235
360
339
352
323
125
503
519
235
356
360
326
206
326
78
109

Significant Cirrhosis Author
fibrosis
(AUROC) (AUROC)
0.57
0.73
0.75
0.71
0.89
0.73
0.80 (0.881) 0.89 (0.941)
0.8
0.9
0.79
0.71
0.81
0.82
0.84
0.79 (0.821)
0.76
0.92
0.78 (0.811)
0.86 (0.811)
0.82
0.76
0.79 (0.841)
0.84 (0.871)
0.92
0.73
0.84
0.74
0.81
0.79
0.81
0.82
0.79
0.86
0.83 (0.861)
0.86
0.88
0.69
0.71
0.81

Guechot[42]
Parise[28]
Guechot[42]
Boeker[49]
Saitou[51]

0.92
0.91
0.73
0.90
0.80

696 0.83 (0.821)
503
0.87
10212
0.78
0.89
503
0.83
221 0.85 (0.821) 0.94 (0.891)
356
0.76
0.89
503
0.88
356
0.78
0.94

Elastography
Transient elastography 327
(Fibroscan)
7112
403
7752
935
Real-time elastography
79
Combined tests
Fibroscan + Fibrotest
183

Lackner[21]
Giannini[20]
Lackner[21]
Giannini[20]
Wai[25]
Lackner[21]
Cales[26]
Bourliere[27]
Parise[28]
Koda[29]
Halfon[30]
Lok[31]
Forns[32]
Cales[26]
Bourliere[27]
Koda[29]
Imbert-Bismut[34]
Poynard[36]
Myers[35]
Rossi[37]
Cales[26]
Halfon[38]
Bourliere[27]
Halfon[30]
Koda[29]

Patel[52]
Cales[26]
Rosenberg[53]
Cales[26]
Adams[54]
Halfon[30]
Cales[26]
Halfon[30]

0.79
0.80
1.00
0.79
0.75

0.97
0.96
0.95
0.91
0.69

Ziol[56]
Foucher[59]
Colletta[58]
Ganne-Carrie[60]
Kettaneh[61]
Friedrich-Rust[64]

0.88

0.95

Castera[66]

1

Internal validation set; 2Chronic liver disease of various etiologies; 3Chronic
HCV with persistently normal ALT.

superior diagnostic accuracy of APRI to AST/ALT
ratio. Bourliere et al[27] reported similar performance of
Fibrotest, APRI, and Forns index while Cales et al[26] found
superior diagnostic accuracy of Fibrometer to APRI,
Forns index, and Fibrotest. In contrast, in 356 patients
with chronic hepatitis C, Halfon et al[30] reported similar
diagnostic accuracies of Fibrotest, Fibrometer, APRI, and
Hepascore for significant fibrosis (AUROC 0.79, 0.78, 0.76,
0.76, respectively). Based on these comparative studies,
www.wjgnet.com
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the diagnostic accuracy of simple noninvasive fibrosis
tests such as APRI appears to be similar to that of more
complex and expensive fibrosis panels.

14
15

CONCLUSION
The main advantages of noninvasive fibrosis tests are
the absence of risks and the potential to reflect the
status of the entire liver. However, while optimal results
are obtained at both ends of the spectr um of liver
fibrosis, their most important limitation is the lack of
discrimination at intermediate stages of fibrosis. Parkes
et al[5] evaluated the diagnostic accuracy of several direct
and indirect noninvasive fibrosis tests at cut-off levels
giving high predictive values (PPV ≥ 90%, NPV ≥
95%) and concluded that serum markers can reliably
predict fibrosis only in a minority (about 35%) of patients
with chronic hepatitis C. Besides, liver biopsy is still
needed to rule out concomitant pathologies known to
influence response to antiviral treatment, such as steatosis,
steatohepatitis and/or iron overload. Future practice
guidelines should address the role of noninvasive tests in
assessing the stage of fibrosis in chronic hepatitis C[69].
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with chronic liver disease than in females. These lines
of evidence suggest that the greater progression of
hepatic fibrosis and HCC in men and postmenopausal
women may be due, at least in part, to lower production
of estradiol and a reduced response to the action
of estradiol. A better understanding of the basic
mechanisms underlying the sex-associated differences in
hepatic fibrogenesis and carciogenesis may open up new
avenues for the prevention and treatment of chronic liver
disease.
© 2007 WJG. All rights reserved.
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Abstract
Chronic hepatitis B virus (HBV) infection is the most
common cause of hepatic fibrosis and hepatocellular
carcinoma (HCC), mainly as a result of chronic
necroinflammatory liver disease. A characteristic feature
of chronic hepatitis B infection, alcoholic liver disease
and nonalcoholic fatty liver disease (NAFLD) is hepatic
steatosis. Hepatic steatosis leads to an increase in lipid
peroxidation in hepatocytes, which, in turn, activates
hepatic stellate cells (HSCs). HSCs are the primary
target cells for inflammatory and oxidative stimuli, and
these cells produce extracellular matrix components.
Chronic hepatitis B appears to progress more rapidly
in males than in females, and NAFLD, cirrhosis and
HCC are predominately diseases that tend to occur
in men and postmenopausal women. Premenopausal
women have lower hepatic iron stores and a decreased
production of proinflammatory cytokines. Hepatic
steatosis has been observed in aromatase-deficient
mice, and has been shown to decrease in animals after
estradiol treatment. Estradiol is a potent endogenous
antioxidant which suppresses hepatic fibrosis in animal
models, and attenuates induction of redox sensitive
transcription factors, hepatocyte apoptosis and HSC
activation by inhibiting a generation of reactive oxygen
species in primary cultures. Variant estrogen receptors
are expressed to a greater extent in male patients

INTRODUCTION
Worldwide chronic infection with hepatitis B virus (HBV)[1]
and hepatitis C virus (HCV)[2] is seen in 350 million and
170 million people respectively. Chronic HBV infection
is currently the most common cause of cirrhosis and
hepatocellular carcinoma (HCC) in the world. HBV is
transmitted by the prenatal, parenteral, and sexual routes.
If an HBV infection is acquired at birth, there is a strong
chance that the child will become chronically infected.
However, if the infection is acquired during adulthood,
the risk of chronic infection is relatively low (about
10%-20%) [3,4]. Fifteen to 40% of chronically infected
people may develop cirrhosis and HCC[5]. The remaining
individuals become inactive carriers, otherwise defined
as asymptomatic or healthy carriers. Among individuals
infected with HBV, those who express the HBV surface
antigen (i.e., HBsAg carriers) are approximately 20 times
more likely to develop HCC than those who do not [6].
Clinical observations and death statistics support the view
that chronic hepatitis B and C appear to progress more
rapidly in males than in females[7,8], and that cirrhosis is
largely a disease of men and postmenopausal women,
with the exception of autoimmune liver diseases, such
www.wjgnet.com
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as primary biliary cirrhosis and chronic autoimmune
hepatitis[9,10]. The most clearly established risk factors for
HCC are chronic infection with HBV and HCV, cirrhosis,
male sex, older age, alcohol abuse, and exposure to
dietary aflatoxin[11]. Liver injury in chronic hepatitis B is
predominantly caused by the cellular immune response to
the virus, and over time the balance between HBV and the
alterations in the host immune response[12]. By contrast,
the high frequency of chronicity (54%-86%)[13] in HCV
infection and evidence of high rates of HCV mutations
are perhaps the result of an ineffective immune response
or immunological escape by HCV. According to the
International Agency for Research on Cancer[14], the male:
female ratio of the age-standardized incidence per 100 000
of liver cancer worldwide is 2.9:1. In Asia (particularly in
China, Japan, and Taiwan), the incidence of liver cancer
is high and accounts for one-half of all liver cancer
cases in the world (Figure 1). In the Asian-Pacific region
including China and Taiwan, and sub-Saharan Africa, HBV
is hyperendemic, whereas in Japan, Western Europe and
the USA, HBV infection is much less common, whereas
HCV infection is more prevalent and is recognized as a
major causative factor for HCC. The inshore region of the
Yangtze River, including Qidong, in eastern China has the
highest incidence of HCC, due to high levels of aflatoxin,
which is associated with HCC because of its carcinogenic
potential in HBsAg carriers[15].
Moreover, there is growing concern in clinical practice
with regard to the development of nonalcoholic fatty liver
disease (NAFLD). Although in most cases, fatty liver does
not progress to more severe liver disease, approximately
15%-20% of patients have histological signs of fibrosis
and necroinflammation, indicating the presence of
nonalcoholic steatohepatitis (NASH). These patients are at
a higher risk of developing cirrhosis, terminal liver failure,
and HCC [16]. Most studies show a female predilection
for NASH[16]; however, two recent reports indicate that
NAFLD is more prevalent in men in each age group, and
that there is a male predominance for NASH as well[17,18].
Differences in the social environment and the
lifestyles of men and women may be involved in the basic
mechanisms underlying the sex-associated differences
in chronic liver diseases. In general, men have a greater
www.wjgnet.com
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risk of exposure to hepatitis viruses as well as greater
opportunities for drinking and smoking. Environmental
factors may result in a higher preponderance of nutritional
and exercise-associated problems in men. However, it
should be noted that some mechanisms related to sexlinked differences may be based on biological factors,
including estrogen-related female sex hormones, such as
estradiol, rather than simply gender differences in social
environment and lifestyle. Hepatic estrogen receptors (ERs)
mediate estrogen action in the liver. The present review
summarizes the current knowledge of the biological
functions of estrogens and the ER status as it relates to
hepatic fibrogenesis and carcinogenesis.

HBV SEROCONVERSION IN FEMALES
During the early phase of chronic HBV infection, patients
are positive for HBV e antigen (HBeAg), a surrogate
marker of active HBV replication, and have frequent
acute flares characterized by substantial increases in the
serum aminotransferase levels as the result of specific,
T-lymphocyte-mediated cellular responses to viral antigens
and apoptosis of the hepatocytes. Some of the acute
flares may be followed by seroconversion from HBeAg
to its antibody (anti-HBe) and clinical remission [19,20],
while other patients progress to cirrhosis and HCC,
particularly elderly men[21,22]. A positive test for HBeAg
is associated with higher inflammatory activity in the
liver and an increased risk of HCC[23]. Long term cohort
studies show that a higher percentage of females clear
their HBeAg and become HBsAg negative compared to
males[24]. Seroconversion from HBeAg to anti-HBe and
from HBsAg to anti-HBs occurs more frequently in female
subjects than in males [25]. Generally, females produce
more vigorous cellular and humoral immune reactions,
and have a higher incidence of autoimmune diseases
than males [26,27]. The underlying mechanism by which
females seem more likely to achieve seroconversion of
HBeAg and HBsAg remains unclear. However, estradiol
has been reported to induce the production of interferon
(INF)- γ in lymphocytes [28], and augments an antigenspecific primary antibody response in human peripheral
blood mononuclear cells[29]. IFN-γ is a potent cytokine
with immunomodulatory and antiproliferative properties.
Therefore, female subjects, particularly before menopause,
may produce antibodies against HBeAg and HBsAg at a
higher frequency than males with chronic HBV infection.
Immunization is the most effective method of
preventing transmission of HBV. After immunization
with HBV vaccine, approximately 90% of healthy adults
and 95% of infants, children, and adolescents develop a
protective serum level of anti-HBs. Predictors associated
with a nonresponse to HBV vaccination, include male
sex, older age, obesity and immunocompromising chronic
diseases[30]. After an initial vaccination in newborns of
Alaska Natives who were seronegative for HBsAg and
anti-HBs at birth, the mean concentrations of anti-HBs
were higher in females (975 mIU/mL) than males (722
mIU/mL), but after 15 years these values decreased to 23
mIU/mL in females compared to 32 mIU/mL in males[31].
In Taiwan, the chronic HBsAg carrier rate was lower in
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females than males (4.4% vs 10.7%) who were born to
HBsAg carrier mothers, vaccinated against HBV at birth,
and followed for over 18 years[32].

OXIDATIVE STRESS IN LIVER INJURY AND
HEPATIC STELLATE CELL ACTIVATION
Damage to the parenchymal cell membranes produces
reactive oxygen species (ROS) derived from the lipid
peroxidative processes, which are a feature of sustained
inf lammator y response and liver injur y, once the
antioxidant mechanisms have been depleted. Cells are
well equipped to neutralize the effects of ROS, by virtue
of a series of antioxidant protective systems, including
superoxide dismutase (SOD), glutathione peroxidase
and glutathione. Although mild liver injury usually
results in an almost complete resolution, persistence of
the original insult causes prolonged activation of tissue
repair mechanisms, leading to hepatic fibrosis rather than
to effective tissue repair. Hepatic fibrosis, or collagen
deposition, is associated with inflammation and cell
death, which are a consequence of severe liver damage
that occurs in many patients with chronic liver disease,
regardless of the etiology such as HBV/HCV infection,
alcohol abuse, and iron overload state[33]. In other words,
collagen production predominates over hepatocellular
regeneration. Collagens are mainly produced by cells
known as hepatic stellate cells (HSCs). HSCs are located
in the space of Disse in close contact with hepatocytes
and sinusoidal endothelial cells[34] (Figure 2). In the injured
liver, HSCs are regarded as the primary target cells for
inflammatory and peroxidative stimuli and are transformed
into myofibroblast-like cells. These HSCs are referred to
as activated cells and their activation is accompanied with
a loss of cellular retinoid, and the synthesis of α-smooth
muscle actin (SMA), and large quantities of the major
components of the extracellular matrix, including collagen
typesⅠand Ⅲ.
Transgenic mice expressing HBsAg exhibit oxidative

Hypercarcinogenic state

Collagen deposition

Hepatic fibrosis

Figure 3 Hepatic fibrosis and hypercarcinogenic state associated with oxidative
stress in hepatocytes and HSCs. HSCs are activated by MDA and HNE as well
as by ROS. HSCs produce ROS and TGF-β in response to ROS and TGF-β
(autocrine) with increased collagen expression in the injured liver.

stress and DNA damage, leading to the development of
HCC[35,36]. In addition, HBV X (HBx) protein alters the
mitochondrial transmembrane potential and enhances
ROS production in the liver[37]. A primary source of ROS
production in hepatocytes and HSCs is mitochondrial
NADH/NADPH oxidase. Hydrogen peroxide is more
stable and membrane permeable compared to other ROS,
which has lead to the hypothesis that it acts as a second
messenger causing the following reactions: (1) induction
of gene expression of redox sensitive transcription factors,
such as activator protein (AP)-1 and nuclear factor (NF)[38]
[39]
κB , (2) stimulation of apoptosis , and (3) modulation
[40]
of cell proliferation . AP-1 and NF- κ B induce the
expression of multiple genes involved in inflammation,
cell death and fibrogenesis, including cytokines and
growth factors such as platelet-derived growth factor and
transforming growth factor (TGF)-β. TGF-β is a major
fibrogenic cytokine, acting as a paracrine and autocrine
(from HSCs) mediator, which triggers and induces the
activation of HSCs in vivo. Hydrogen peroxide is converted
into the hydroxyl radical, a harmful and highly reactive
ROS, in the presence of transition metals such as iron.
The hydroxyl radical is able to induce DNA cleavage
and lipid peroxidation in the structure of membrane
phospholipids, leading to cell death. Malondialdehyde
(MDA) and hydroxynonenal (HNE), end products of lipid
peroxidation, are discharged from injured hepatocytes
into the space of Disse. Paracrine stimuli derived from
hepatocytes undergoing oxidative stress induce HSC
proliferation and collagen synthesis, and these HSCs are
activated by ROS as well as by MDA and HNE[41,42].
HSCs are also able to produce ROS through the
activation of NADH/NADPH oxidase by stimuli from
outside the cell [43]. Exogenous TGF- β increases ROS
production by HSCs, whereas the addition of ROS induces
TGF-β production and secretion by these cells[44]. This
so-called autocrine loop of ROS by HSCs is regarded as
the mechanism that corresponds to the autocrine loop of
www.wjgnet.com
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TGF-β which HSCs produce in response to this cytokine
with an increased collagen expression in the injured liver[45]
(Figure 3).

ESTROGENS AND OXIDATIVE STRESS IN
HEPATOCYTES
It should be noted that estradiol and its derivatives are
strong endogenous antioxidants that reduce lipid peroxide
levels in the liver and serum[46,47]. Recent studies show that
estradiol suppresses iron (ferric nitrilotriacetate)-induced
ROS generation, lipid peroxidation, activation of AP-1 and
NF-κB, and the loss of SOD and glutathione peroxidase
activities in cultured rat hepatocytes[48,49]. Estradiol also
inhibits iron (FeSO4)-induced lipid peroxidation in isolated
rat liver mitochondria [48]. These findings suggest that
the inhibitory effect of estradiol on AP-1 and NF- κ B
activation may be produced by scavenging ROS and/or
by reducing the intracellular production of ROS via
antioxidant enzyme induction.
Many of the actions of estradiol are mediated through
the ER subtypes, ERα and ERβ. In addition to the action of
ER as a classical estrogen response element, ERα and ERβ
also mediate gene transcription from an AP-1 enhancer
element. Paech et al[50] reported that ERα and ERβ from
an AP-1 site signaled in opposite ways when combined
with estradiol: estradiol activated transcription with ERα,
whereas estradiol inhibited transcription with ER β . A
high level of ERβ expression and a low level of ERα
expression is seen in human and rat hepatocytes[49,51,52].
In addition, estradiol up-regulates the Bcl-2 expression
in cultured rat hepatocytes undergoing oxidative stress[49].
The overexpression of Bcl-2 is known to suppress lipid
peroxidation and to prevent apoptosis, leading to an
increase in cellular longevity. These findings suggest that
estradiol may protect hepatocytes from oxidative damage,
inflammatory cell injury and cell death by the suppression
of AP-1 and NF-κB activation and induction of Bcl-2
expression.

FEMALES AND HEPATIC IRON STORES
Iron is known to be a potent in vivo factor in the
www.wjgnet.com
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production of hydroxy radicals, leading to DNA
mutagenesis [53]. In humans with iron overload due to
genetic or acquired causes, fibrosis and cirrhosis are
the predominant features of liver disease. The clinical
expression of genetic hemochromatosis is 5 to 10 times
more frequent in men than in women, possibly because of
iron loss during menstruation and increased requirements
during pregnancy. In the absence of hepatic inflammation,
serum ferritin is a reliable marker of hepatic iron stores.
In a study from Japan, serum ferritin levels were examined
by gender and age in 305 healthy individuals. In men, the
serum ferritin values reached the maximum level in the
age group of 40 to 49 years and declined thereafter. By
contrast, in women the serum ferritin remained relatively
low until menopause, at a level which was one-fifth of that
for men of comparable age, and reached the maximum
level after menopause to approximately one-half of that
for men of comparable age. These findings correlate with
the data obtained from the third National Health and
Nutrition Examination Survey in the USA[54] and indicate
that women, especially before menopause, have lower iron
stores in the liver (Figure 4).
Alizadeh et al[55] analyzed the liver histology of ageand sex-matched untreated patients with chronic hepatitis
B (n = 20) and chronic hepatitis C (n = 43) and showed
that the hepatocyte iron-staining score was similar in
chronic hepatitis B and C. The frequency of iron-staining
in chronic hepatitis B and C was significantly greater than
that seen in alcoholic liver disease[56]. It should be noted
that hepatic iron overload is an independent risk factor
associated with hepatic fibrosis and cell death [10,57]. In
Chinese patients with HBV-associated HCC, stainable
iron in non-cancerous and cancerous liver specimens was
preferentially enriched in HBV replicating hepatocytes,
and was lower in 25% (1/4) of female patients compared
to 71% (25/35) of males [58]. Deugnier et al[59] reported
that HBsAg seropositivity in male patients with genetic
hemochromatosis complicated with HCC was significantly
higher (6.2%) than in sex- and age-matched male blood
donors (0.075%) and female controls (0.04%), whereas
female patients with and without HCC showed no serum
HBV marker. These findings suggest that hepatic iron
overload may facilitate viral replication in hepatocytes,
or that the virus infected hepatocytes tend to accumulate
iron. In addition, the lower hepatic iron stores in females
may, in part, explain their greater cytoprotection against
liver injury.
Chronic alcohol consumption in moderate to heavy
quantities results in increased serum ferritin, which may
result in increased hepatic iron stores[60]. Hepcidin is a
circulatory peptide synthesized in the liver that appears
to regulate iron absorption in the duodenum. HarrisonFindik et al[61] treated mice with ethanol added to drinking
water for 7 d. Ethanol-treated mice showed significantly
lower hepatic hepcidin mRNA expression compared to
controls, and also demonstrated greater suppression of
hepcidin gene expression in males than females. This
effect was abrogated by an antioxidant, vitamin E, while
ROS production by ethanol via the alcohol dehydrogenaseand CYP2E1-metabolizing system appeared to result in
decreased expression of hepcidin. These findings indicate
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that alcohol-induced oxidative stress downregulates
hepcidin transcription, leading to increased duodenal
iron transport, and chronic alcohol consumption leads
to increased hepatic iron stores, which is more likely to
occur in males than in females. However, females are more
vulnerable to alcohol-related damage because they have
smaller volume of distribution and lower gastric alcohol
dehydrogenase activity[62]. In addition, it has been reported
that after alcohol consumption, estrogen stimulation of
Kupffer cells increases their sensitivity to endotoxins and
leads to higher levels of chemical mediators [63]. These
findings suggest that chronic alcohol use may induce
more rapid and more severe liver injury in females than in
males[64].
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ESTROGENS AND HEPATIC FIBROSIS
During ongoing HBV replication irrespective of the
HBeAg seroconversion status, hepatic fibrosis eventually
progresses to the stage of cirrhosis. The incidence
of cirrhosis in chronic HBV infection, based on data
mostly from tertiary care centers, ranges from 2% to 7%
annually[20,65-68], although, in a study on 1506 asymptomatic
HBV carriers, the cirrhosis incidence rate was 0.7%
annually[69]. Activated HSCs are responsible for much of
the collagen synthesis observed during hepatofibrogenesis.
Male gender and older age are associated with a more rapid
progression of hepatic fibrosis [64].
Using multivariate analysis, Iloeje et al[70] in Taiwan,
China and Zarski et al [71] in France observed that the
independent predictors for cirrhosis in patients with
chronic HBV infection were male sex and age > 50 years.
McMahon also demonstrated that male sex and old age
were the most important factors associated with disease
progression in chronic hepatitis B[72]. Patients infected with
HBV genotype C have delayed HBeAg seroconversion,
a longer duration of viremia, higher risk of progressive
disease, and a correspondingly higher rate of cirrhosis and
HCC[73]. Genotypes C and B are prevalent in Asia, whereas
genotypes A and D are common in Western countries.
In addition, the significance of older age as a risk factor
may reflect a more prolonged duration of the liver disease
and accumulated exposure to environmental risk factors
such as aflatoxin, in highly endemic areas[74]. An increased
prevalence of HBeAg negative chronic hepatitis B has
recently been observed in several countries[75,76]. Patients
with HBeAg negative chronic hepatitis B are usually males
who are older than those with HBeAg positive chronic
hepatitis B [76]. Moreover, the age at the time of acute
infection plays an important role in the development
of chronicity. Neonatal infection, common in areas of
high or intermittent HBV prevalence, is associated with
high rates of chronicity, while exposure at an adult age,
only occasionally results in chronic infection. An ideal
method of assessment of disease progression would be to
prospectively follow a large cohort of untreated patients
with all the major HBV genotypes (A to D) from infection
until death, with repeated liver biopsy and measurement
of HBV serological markers. However, such a study would
be ethically and pragmatically impossible to perform in an
unselected population.

Figure 5 Estrogens and hepatic fibrosis. A: Immunohistochemical findings of
collagen typeⅠin fibrotic liver sections of male rats treated with a neutralizing
antibody against rat estradiol (+ Antibody) or estradiol (+ Estradiol). The animals
were given a single injection of dimethylnitrosamine and were killed on d 14;
B: Immunocytochemical findings for α-SMA of a male rat HSCs cultured with
estradiol (+ Estradiol).

In the hepatic fibrosis model in male rats, estradiol
results in suppression of early apoptosis and hepatic
fibrosis. These changes are accompanied with reduced
collagen content and lower levels of procollagen type
Ⅰand Ⅲ mRNA and α -SMA expression as well as
induced Bcl-2 expression [77-79]. In addition, the use of
neutralizing antibody against estradiol in male rats (Figure
5A) and ovarectomy in female rats leads to enhanced
fibrogenesis[77]. Rat HSCs possess functional ERβ, but
not ERα, which respond directly to estradiol exposure;
estradiol attenuates the production of collagen type
Ⅰ, α-SMA expression and cell proliferation in cultured
rat HSCs [51,77,78] (Figure 5B). A recent report indicates
that estradiol inhibits ROS generation and antioxidant
enzyme loss via the suppression of NADH/NADPH
oxidase activity, and blocks hydrogen peroxide-induced
TGF-β expression, activation of AP-1 and NF-κB, and
proliferation and transformation of cultured rat HSCs[45].
These findings suggest that, by suppressing NADH/
NADPH oxidase activity, estradiol prevents the autocrine
loop of ROS and TGF-β by HSCs (Figure 3) as well as
HSC activation, and has a cytoprotective effect against
hepatocyte injury.

FEMALES AND HEPATIC STEATOSIS
Hepatic steatosis is a characteristic feature of chronic HBV
and HCV infections. The frequency of hepatic steatosis in
chronic hepatitis B varies from 27% to 51%, and in chronic
hepatitis C from 31% and 72%[80-83]. It has been suggested
that hepatic steatosis may reflect a direct cytopathic
effect of HCV and plays a role in disease progression. In
support of this hypothesis is a transgenic mouse model
that expresses HCV core gene and develops progressive
hepatic steatosis and HCC [84,85]. It is conceivable that
www.wjgnet.com
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Figure 6 Prevalence of NAFLD by age and gender. NAFLD prevalence was
determined ultrasonographically in 3229 Japanese adults (mean age 52.4 years,
45.9% males) in the Tokushima health screening center. The subjects had no
history of alcohol abuse, defined as an alcohol intake of > 20 g per day, and were
seronegative for HBsAg and HCV antibody. The overall prevalence of NAFLD was
25.6%.

following hepatocyte injury, hepatic steatosis leads to
increased lipid peroxidation, which contributes to HSC
activation by releasing soluble mediators[86], and thereby
induces hepatic fibrosis. In contrast to HCV, there is little
information on the correlation between HBV-associated
hepatic steatosis and hepatic fibrosis. Furthermore, the
molecular mechanism by which HBV mediates hepatic
steatosis has not been clearly characterized. Although a
cross-sectional study from Australia failed to confirm the
impact of steatosis on hepatic fibrosis in chronic hepatitis
B (but not in hepatitis C) [87] , another cross-sectional
analysis in Taiwanese adults revealed that liver damage,
evaluated by serum alanine aminotransferase (ALT) levels,
was independently associated with HBV carrier status,
ultrasonographic fatty liver and male sex[88]. Fatty liver, also
termed hepatic steatosis, is the result of the deposition
of triglycerides via the accumulation of free fatty acids
in hepatocytes. Fatty liver is detected by ultrasonography
based on the comparative assessment of image brightness
relative to the kidneys[89]. Recently Kim et al[90] reported
that HBx protein induces hepatic lipid accumulation
mediated by sterol regulatory element binding protein 1
and peroxisome proliferator-activated receptor γ, leading
to hepatic steatosis. There is mounting evidence that
hepatic lipid accumulation is related to hepatic fibrosis,
inflammation, apoptosis, and cancer[91,92].
Increased lipid peroxidation and accumulation are also
commonly observed in alcoholic liver disease and NAFLD
based on studies in human alcohol-related liver injury and
animal models of diet-induced hepatic steatosis and druginduced steatohepatitis[93-95]. In the progression of fatty
liver disease, lipid peroxidation products are generated
because of impaired oxidation of the accumulated fatty
acids. The key mediators of impaired β-oxidation include
increased activity of cytochrome P450 and reduced
electron transport in hepatocyte mitochondria. The
secretion of inflammatory mediators including TNF-α
and ROS by Kupffer cells resulting in HSC activation with
disordered collagen production, are believed to play an
important role in NASH-associated cryptogenic cirrhosis.
www.wjgnet.com
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In Japan, Australia, Western Europe and the USA,
ultrasonographic sur veys of the general population
indicate that nearly one-quarter of the adult population
has hepatic steatosis[96,97]. NAFLD is more common in
males than females, particularly in Asians[98]. In a study
on the gender differences in NAFLD among Asians, the
prevalence of ultrasonographic NAFLD was examined
in 3229 Japanese adults in a health screening center in
Tokushima. Prevalence of NAFLD was 2.5-fold higher
in males than females (31.5% vs 12.4%). The biggest
difference in NAFLD prevalence between females and
males was observed in individuals < 50 years (Figure 6).
Recent studies have shown that visceral fat is an
independent predictor of fatty liver, even in patients with a
normal body mass index, and is much more harmful than
subcutaneous accumulation of adipose tissue[99,100]. Human
adipose tissue contains ER α and ER β . Low estrogen
levels in menopausal women are associated with a loss
in subcutaneous fat and gain in visceral fat[101]. Estrogen
treatment of male-to-female transsexuals increases the
amount of subcutaneous adipose tissue. Thus, estrogen
alters the male type of visceral fat distribution into the
female type[102]. It has been reported that women treated
with estrogen have a lower visceral accumulation of
adipose tissue[103].
An animal study showed that hepatic steatosis becomes
evident spontaneously in aromatase-deficient mouse,
which lack the ability to produce estrogen and are impaired
with respect to hepatocellular fatty acid β -oxidation.
Estradiol replacement reduces hepatic steatosis and
restores the impairment in mitochondrial and peroxisomal
fatty acid β -oxidation to the wild-type level [104] . In
addition, tamoxifen an antiestrogen compound used in the
treatment of ER positive breast cancer, is associated with
an increased risk of fatty liver and NASH[105,106]. Therefore,
the greater progression of liver injury with steatosis in
males, regardless of the etiology, may be due at least in
part to the decreased production of estradiol and/or the
lower response to the actions of estradiol.

MENOPAUSE AND PROINFLAMMATORY
CYTOKINES
I n i n f l a m m a t o r y a n d ox i d a t ive l ive r i n j u r y, t h e
accumulation of leukocytes and macrophages including
Kupffer cells at sites of inflammation and injury is thought
to be mediated by chemokines, such as macrophage
chemotactic protein (MCP)-1 and interleukin (IL)-8. The
mononuclear cells and macrophages are in turn able to
release proinflammatory cytokines such as tumor necrosis
factor (TNF)-α, IL-1β and IL-6, leading to persistent liver
injury. There is a large body of evidence indicating that the
decline in ovarian function with menopause is associated
with spontaneous increase in TNF-α, IL-1β and IL-6[107].
Estradiol, at physiological concentrations, inhibits the
spontaneous secretion of proinflammatory cytokines in
whole blood cultures[108] or peripheral blood mononuclear
cells (PBMCs) [109] . The spontaneous production of
TNF-α and IL-1β by PBMCs is higher in patients with
chronic hepatitis C than in healthy subjects[110]. Endotoxin-
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Figure 7 Comparison of male-to-female ratio between two age groups of HBVrelated HCC patients without HCV infection. The age-specific male-to-female ratio
in Japanese patients with HBV-associated HCC was examined from 1994 to 2006
in Tokushima. Nine hundred and one patients (mean age 49.3 yr, 76.4% males)
were divided into two age groups, based on the menopausal age of 50 yr. HCC
was detected at the indicated age. All subjects were seropositive for HBsAg and
seronegative for HCV antibody.

stimulated TNF-α production by PBMCs is also higher in
HBsAg carriers with elevated ALT levels than in HBsAg
carriers with normal ALT levels [111]. Moreover, TNF-α
production by hepatocytes in patients with chronic HBV
infection is reported to be transcriptionally up-regulated
by HBx protein[112,113]. Estradiol is able to attenuate IL-1β
in ER expressing HepG2 cells[114], and to ameliorate burninduced increase in serum TNF-α levels in rats[115]. In vivo
studies show that transdermal administration of estradiol
in postmenopausal women decreases spontaneous IL-6
production by PBMCs after 12 mo of therapy [109] . A
preliminary study has also shown that hydrogen peroxideinduced TNF-α and MCP-1 expressions are attenuated by
estradiol in the peritoneal macrophages of female mice[116].
These findings suggest that estradiol has a hepatoprotective
effect against inflammation and oxidative stress, at least
in part, by preventing macrophage accumulation and
inhibiting proinflammatory cytokine production.
However, it appears that macrophages respond
differently to endotoxins compared to Kupffer cells as
far as the signaling pathways are concerned[117]. Estrogen
increases the sensitivity of Kupffer cells to endotoxin[63],
while estradiol augments the increase in the serum levels
of TNF-α after endotoxin treatment in animals[118].

FEMALES AND HCC
Both direct and indirect carcinogenic mechanisms are
involved in the pathogenesis of HCC induced by chronic
HBV infection. HBV may induce HCC indirectly by
causing chronic necroinflammatory liver disease [23] .
When HBV replication is sustained, hepatocytes undergo
a process of continuous damage and regeneration.
Chronic necroinflammation may induce a malignant
transformation by producing mutagenic ROS during the
inflammatory process along with hepatic fibrosis, leading
to the development of cirrhosis and HCC (Figure 3). The
active replication of HBV may also initiate malignant
transformation through a direct carcinogenic mechanism

Figure 8 Estrogens and preneoplastic liver. Preneoplastic liver lesions were
evaluated by means of an immunohistochemical analysis of glutathione-Stransferase placental form (GST-P) expression. GST-P-positive liver foci were
induced using the DEN-AAF-PH model in male rats with estradiol (+ Estradiol).

by increasing the probability of insertion of viral DNA
in or near proto-oncogenes, tumor-suppressor genes, or
their regulatory elements in the cellular DNA [119]. The
integration of viral DNA may increase the production of
transactivator protein HBx antigen, which may induce the
malignant transformation of hepatocytes, and bind to the
p53 tumor-suppressor gene and disrupt its activity[23,120].
As with the risk factors for hepatic fibrosis, male
sex and age > 50 years are important risk factors for
HCC[121], although it is unclear whether the susceptibility
to the integration of viral DNA inducing malignant
transfor mation of hepatocytes is different between
males and females. Conversely, premenopausal women,
without the risk factors of male sex and older age, are
least vulnerable to HCC. The age-specific male-to-female
ratio was examined in 901 Japanese patients with HBVassociated HCC in Tokushima. When the subjects were
divided into two age groups, based on whether they were
younger or older than the menopausal age of 50 years,
the younger group had a significantly lower proportion of
females (10.5%) than the older group (32.8%, Figure 7).
Moreover, variant ERs are expressed in HCC patients and,
to a greater extent, in male patients than in female patients,
even at an early stage of chronic liver disease[122,123]. The
occurrence of variant ERs leads to the loss of estrogen
responsiveness. Experimentally induced carcinomas
using carcinogens, as well as spontaneous neoplasms,
occur at a higher rate in male rats and mice. Another
study demonstrated the suppressive effect of estradiol
on chemical hepatocarcinogenesis in rats induced by
dimethylnitrosamine (DEN)-2-acetylaminofluorene (AAF)partial hepatectomy (PH)[124] (Figure 8). Taken together,
these lines of evidence suggest that both estradiol and
the ER status play a critical role in the biological defense
against hepatocarcinogenesis.

CONCLUSION
Gender-associated differences are not limited to chronic
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liver disease and are of potential interest in other
chronic fibrogenic disorders as well. The predominance
of atherosclerosis and the higher rate of renal fibrosis
progression in men are excellent lines of evidence that
point to the role of estrogen in the wound healing/
fibrogenic process[125]. It has been reported that estradiol
inhibits the proliferation of vascular smooth muscle
cells (VSMCs)[126]. VSMCs are anatomically analogous to
HSCs, and are reported to express ERβ at a higher level
after vascular injury, without any accompanying changes
in ERα expression[127]. Several studies have documented
the antifibrogenic effect of estrogen on VSMCs [128,129].
Moreover, renal mesangial cells which are analogous to
HSC, have similar properties including playing a prominent
role in fibrogenesis. The cell proliferation and collagen
synthesis by mesangial cells have also been shown to be
modulated by estradiol[130].
The present review indicates that estradiol may have
a beneficial effect in the progression of chronic liver
disease. However, it should be noted that administration
of estradiol in women has potential problems, including
an increased risk of breast cancer and endometrial
abnormalities[131,132]. In addition, estradiol and ER subtypes
have been reported to play a role in the modulation of
cholangiocyte proliferation[133], which is a hallmark for the
progression of cholestatic liver disease.
Being a male or a female is an important basic human
variable that affects health and liver disease throughout
ones life span. A better understanding of the biological
mechanisms underlying the gender-associated differences
observed in chronic HBV infection may provide valuable
information on more effective treatment modalities in liver
disease in both males and females.
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Abstract
Unresectable pancreatic cancers have an extremely
dismal prognosis and chemoresistant nature. The
treatment of pancreatic cancer is still problematic.
Gemcitabine is a promising new agent that has been
studied recently for palliation of advanced pancreatic
cancer. However, the response rates have been highly
variable, and are often irreproducible. To improve this
low response rate, various treatments are needed
because no standard treatment exists. Intra-arterial
chemotherapy is considered to take advantage of the
first pass effect of the drug, generating higher local
drug concentrations in tumor cells with lower toxicity.
Regional intra-arterial chemotherapy may provide high
levels of cytostatic concentrations within the tumor
and, simultaneously, a low rate of systemic side effects
compared with systemic administration of anti-neoplastic
drugs. Intra-arterial chemotherapy has been introduced
as an alternative treatment for advanced pancreatic
cancer. Further clinical trials of this method should be
subjected to a prospective randomized controlled study
for advanced pancreatic cancer.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Pancreatic cancer is a malignancy with a poor prognosis[1].
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[2,3].
www.wjgnet.com

The cause of death in patients with advanced pancreatic
cancer is primarily local progression of cancer and
distant metastasis. At diagnosis pancreatic cancer is most
commonly locally advanced and often accompanied by
distant metastases to the liver and peritoneum[4].
Unresectable pancreatic cancers have an extremely
dismal prognosis and chemoresistant nature because
systemic chemotherapy is of limited effectiveness for this
disease[5-9].
The treatment of pancreatic cancer is still problematic
and a major challenge for oncologists because of its highly
dismal outcomes. Many chemotherapeutic agents have
been tested as single or combination therapies for pancreas
cancer.
Recently, it has been reported that gemcitabine
(Gemzar: Eli Lilly Co Ltd., Tokyo, Japan) is an effective
drug in the treatment of patients with metastatic pancreas
cancer. Gemcitabine is a promising agent that improves
the survival of patients with unresectable pancreas cancer,
and now a standard first-line agent for these patients[10,11].
It is a nucleoside analogue with broad-spectrum antitumor
activity. The major mechanism of action of gemcitabine is
the inhibition of DNA synthesis. The primary endpoint of
this trial was improvement in the clinical benefit response
(CBR) score defined by performance status, weight gain,
and pain control. However, the response rates have been
highly variable, and are often irreproducible. To improve
this low response rate, various treatments have been
applied; however, no standard treatment exists. For these
reasons, none of the reported treatment regimens can
be considered to be standard treatment and in order to
evaluate if intra-arterial regional chemotherapy is indeed
superior to systemic chemotherapy, randomized trials must
be conducted. In this paper, we review recent approaches
to pancreas cancer in terms of regional chemotherapy.

SYSTEMIC CHEMOTHERAPY
Pancreas cancer is considered an almost chemoresistant
tumor; the average tumor response rate with 5-FU alone
or in combination with other agents is in the range
of 7%-28% [3,12]. Systemic adjuvant chemotherapy for
pancreatic cancer has not increased the 5-year survival rate.
Some researchers, therefore, have proposed that only
symptomatic support should be performed for stage
[13]
Ⅳ advanced pancreatic cancer . Even though many
chemotherapeutic agents have been evaluated in patients
with pancreatic cancer, 5-fluorouracil (5-FU) has been the
most important drug for 20 years[14].
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Gemcitabine (Gemzar: Eli Lilly Co Ltd., Tokyo, Japan)
is a promising new agent that has been recently studied for
palliation of advanced (stage Ⅳ) unresectable pancreatic
cancer and in pancreatic cancer it showed a response
rate comparable to 5-FU, but with an improved clinical
benefit [11]. Moreover, the action of gemcitabine seems
to be synergetic with 5-FU. Both gemcitabine and 5-FU
have shown well-recognized antitumor activity against
pancreatic cancer and in in vitro assays showed synergistic
activity[15].
It is clinically more beneficial in more patients than
other chemotherapeutic agents such as 5-FU, but its
efficacy is still insufficient even when combined with other
agents.
Systemic chemotherapy is of limited effectiveness.
Approaches beyond systemic chemotherapy are needed for
advanced pancreas cancer.

HEMODYNAMICS OF PANCREATIC
CANCER
Chemotherapy may not be effective because the sparse
vascularity of pancreatic cancer may not allow for adequate
drug accumulation in tumor tissues. The ineffectiveness of
systemic chemotherapy is probably due to failure to reach
a drug concentration within the tumor because of doselimited toxicity produced in bone marrow and epithelial
tissue.
Intratumoral blood vessels are immature, lacking
both smooth muscle cells and immunoreactive nerves[16].
Therefore, tumor vessels are unable to react to vasoconstricting agents[17,18].
Angiotensin-Ⅱ (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) intra-arterial infusions of the compound[19]. We
reported previously that chemotherapy with AT-Ⅱ was
effective in some cancers[20-25]. So, we supposed that it is
important for the strategy of pancreas cancer treatment to
comprehend the hemodynamics of this cancer.
We showed that administration of AT-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[26].
Furthermore, high detection rate of liver metastasis
revealed by pharmacoangiographic CT administrating
AT-Ⅱ sug gests the improvement of diagnosis on
preoperative staging[26].
A relative increase in tumor blood flow may enable
higher doses of regional chemotherapy to be given while
avoiding hepatotoxicity. Thus, selective increase in tumor
blood flow by AT-Ⅱ induces a marked increase in the
tumor vascular area, which may improve not only the
chemotherapeutic effects, but also the diagnostic effects in
cancer patients. These results support that the delivery of
anticancer drugs could be selectively enhanced in tumor
tissue under AT-Ⅱ induced hypertension. This condition
for drug delivery to tumor tissue may play a major role in
enhancing therapeutic effects of chemotherapy.
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INTRA-ARTERIAL CHEMOTHERAPY
Intra-arterial regional chemotherapy has improved the
response rates and quality of life in patients with liver
metastases from colorectal cancer[27].
Pancreas cancer is considered a chemoresistant tumor
and up to now an individual drug with a high level of
activity has been lacking. The most important reasons for
this drug resistance are the presence of both a biological
and a mechanical barrier. The first is the multidrug
resistance gene (MDR1) product and the second a very
dense, poorly vasculized, fibrotic envelope that is almost
impenetrable by drugs[28]. Furthermore, the chemotherapy
drugs are often quickly eliminated by a vigorous multidrug
resistance mechanism in pancreas cancer[29]. In addition,
pancreas cancer is highly resistant because it expresses
moderate to high levels of P-170 glycoprotein.
P-glycoprotein is part of a drug or toxin efflux enzyme
system that rapidly clears chemotherapeutic agents from
the tumor cell[30].
However, it is expected that the drug dose delivered by
regional chemotherapy must be increased at least five-fold
to overcome the tumor cell resistance derived from the
P-170 drug efflux enzyme system.
Intra-arterial chemotherapy for pancreatic cancer is
still in its infancy and the ideal schedule does not yet exist.
To improve the effect of chemotherapeutic agents against
pancreatic cancers, effective methods for drug delivery
into tumor tissues should be developed. Intra-arterial
infusion allows higher drug concentrations to reach the
tumor, overcoming the problem of poor blood flow to the
tumor mass in comparison with healthy tissue. The dosedependent sensitivity of pancreatic cancer to locoregional
chemotherapy has been shown in previous studies[29].
Although the purpose of intra-arterial chemotherapy is
to deliver a high dose of anticancer agents into the cancer
tissue and a low dose into the non-cancerous tissues,
the conventional intra-arterial chemotherapy methods[29]
for pancreatic cancer have not succeeded in this goal.
Moreover, intra-arterial infusion is considered to take
advantage of the first pass effect of the drug, generating
higher local drug concentrations in tumor cells with lower
toxicity.
The chemotherapy is usually given through catheters
placed in celiac/hepatic artery or portal vein. Early
reports of intraarterial adjuvant therapy have been
published[31,32]. In these studies, catheters were placed in
the main tributaries of the celiac trunk and portal vein
postoperatively to administer 5-FU. In the long-term
follow-up, 1-, 3- and 5- year survivals were 92%, 54%
and 39%, respectively[32]. Noteworthy in this study is the
significantly lower rate of death from hepatic metastases,
8%, with intraarterial adjuvant therapy compared with
controls, and the authors suggest that this effect improved
survival. Further studies using intraarterial chemotherapy
through a transcutaneous catheter via the femoral artery
have been published by Beger et al[33,34]. In the long-term
follow-up[33], this treatment resulted in a mean survival of
23 mo and 3-year survival of 48%. In the control group,
the mean survival was a mere 10.5 mo.
As adjuvant chemotherapy, a significantly better survival
www.wjgnet.com

4308

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Mambrini[36]

211

Theodors[31]

19

Maurer[38]
Homma[39]
Cantone[40]

12
31
96

Gausauge[41]
Lorenz[42]
Author's
data[43]

32
17
20

Cytostatic agents
5-FU,
Leucovorin
Epirubicin,
Carboplatin
5-FU, MMC,
Doxorubicin
MXT, 5-FU
5-FU, CDDP
5-FU/Folic Acid,
Carboplatin
MXT
GEM, MMC
GEM, 5-FU, CDDP
(Tegafur/Uracil)
Angiotensin-Ⅱ

Response
rate (%)

Survival time (mo)

7.2

9.2

42.0

5.2

8.0
73.9
15.0

6.0
18.0
9.9

19.0
24.0
25.0

7.5
9.1
12.0

5-FU: 5-fluorouracil; MMC: mitomycin C; CDDP: cisplatin; CPA:
cyclophosphamide; MTX: methotrexate; MXT: mitoxantrone; VCR:
vincristine; GEM: gemcitabine.

was found with intraarterial treatment compared with
historical controls. The calculated 1-, 2-, 3-year survivals
were 95%, 59% and 43% in 19 patients with active
treatment compared with 50%, 10% and 5% in controls.
Hence, the therapy seems safe, but the intravascular
catheters have caused some problems, including intimal
damage in 2% and one case of pseudoaneurysm[33].
The results of intra-arterial chemotherapy for advanced
pancreatic cancer are displayed in Table 1. Recently,
Mambrini et al[35] also reported that intra-arterial infusion
of 5-fluorouracil, leucovorin, epirubicin and carboplatin
(FLEC regimen) is well-tolerated and effective in patients
with unresectable pancreatic cancer. According to the
definition of the World Health Organization (WHO), the
objective response rate includes the reporting complete
and partial remissions (Table 1). A complete remission is
defined as the disappearance of any evidence of tumor
(either primary tumor or metastases). A partial remission
is defined as a minimum of a 50% reduction in tumor
size without the reappearance of any new lesions[29,36-41].
Moreover, we reported that intra-arterial chemotherapy
including changes in distribution of blood flow induced
by AT-Ⅱ appears to be an effective palliative treatment for
advanced pancreatic cancer not only for prolonging patient
survival but also for improving the quality of life even for
high aging patients (Figure 1)[42].
Intra-arterial chemotherapy is sug gested to take
advantage of the first pass effect of chemotherapeutics,
generating higher local drug concentrations at the tumor
cell membrane and therefore enhancing cellular drug
uptake as compared to intravenous infusion. Therefore,
changing the route of drug delivery, which can increase
the concentration of the drug in the regional area, thus
reducing systemic side-effects, is an effective approach
to solving these problems. In addition, this may lead to
an increase of tumor response rate and prolongation of
survival time.
We suggest that, in the near future, regional chemotherapy method should be subjected to a prospective
www.wjgnet.com
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Figure 1 Survival of pancreatic cancer patients who were treated with arterial
infusion chemotherapy. The differnt circles mean whether censored data or
uncensored data.Censored data means black-lacquered circle.

randomized controlled study for advanced pancreatic
cancer. Further clinical trials of this method for pancreatic
cancer are needed.

CONCLUSION
Regional intra-arterial chemotherapy may provide high
levels of cytostatic concentrations within the tumor
and, simultaneously, a low rate of systemic side effects
compared with systemic administration of anti-neoplastic
drugs. In order to achieve higher local drug concentrations
in the tumor without causing side-effects of a comparable
level of systemic treatment, this method has been
introduced as an alternative treatment for advanced
pancreatic cancer.
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Abstract
The development of 5-aminosalicylic acid (5-ASA) therapy
as a life long treatment for ulcerative colitis is reviewed
from its origins in the 1940s to the present day. The
drug was designed to treat rheumatoid arthritis, but was
found helpful in the management of nine patients with
ulcerative colitis. This discovery preceded the emergence
of the clinical trial as a tool for assessing a new drug’s
efficacy; as a result it lacked scientific rigour and was
selective in its presentation of results. Nevertheless it
identified the future cornerstone of therapy in ulcerative
colitis. In 1962, the first double blind controlled trial of
sulphasalazine was conducted on 40 patients. Outcome
measures were subjective and included symptoms and
an assessment of the rectal mucosa. In 1973, the first
two papers on the role of sulphasalazine in maintenance
of remission were published. Both used placebo controls
and had a stratified design. Outcomes were measured
using “an intention to treat” approach. The British study
of 64 patients used both subjective and objective criteria
to assess outcomes. Patients on placebo had a relapse
rate four times patients on active treatment and this
founded the basis for a life long approach to therapy with
5-ASA compounds in ulcerative colitis. However, in 1985,
a small “on demand” study of 32 patients suggested this
approach might be as effective as continuous treatment.
Some support for this view came from an Italian study
which showed no benefit to continued treatment for
those in remission for two years or more. The central
problem these studies identify is that of adherence to
treatment in the long-term. Few studies have considered
patients’ attitudes to continuous therapy and it is an area
that needs further investigation.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Ulcerative colitis is a debilitating disease of young and
middle aged people characterised by recurrent attacks of
bloody diarrhea. Its cause is unknown and treatment has
been aimed at control rather than cure. By the end of the
twentieth century most clinicians advised patients to take
5-aminosalicylic (5-ASA) compounds, such as sulphasalazine or mesalazine, on a twice daily basis. This has become
embedded in the guidelines put forward by the British Society of Gastroenterology in 2004: “Lifelong maintenance
therapy is generally recommended for all patients, especially those with left sided or extensive disease, and those
with distal disease who relapse more than once a year”[1].
The purpose of this review is to critically explore the
basis for such treatment. Papers were identified through
PubMed using the search words: ulcerative colitis, maintenance, trial, long-term, and non-adherence in different
combinations. The references in these papers were then
explored for further relevant studies. As a result this paper
will look at initial case reports which identified a role for
sulphasalazine, its subsequent investigation in clinical trials and more recent questioning of the need for regular
treatment. During this review an attempt will be made to
investigate the myths that developed around its clinical
use and the question that will be addressed is: “Do 5-ASA
compounds prevent relapse in ulcerative colitis and how
frequently are they taken in practice?”

THE DISCOVERY AND EARLY
ASSESSMENT OF SULPHASALAZINE
Sulphasalazine was first made in 1940 in Sweden by the
pharmaceutical company Pharmacia. It was probably the
first designer drug in medical history. Professor Nana Svartz
was interested in developing new therapies for the treatment of infective arthritis and speculated that the sulphur
component of the molecule would act as an anti-infective
agent while the salicylate constituent would have an antiinflammatory activity. During clinical work at the Karolinska Institute on the role of this new drug in rheumatoid arthritis, Professor Svartz and her colleagues found patients
with ulcerative colitis reported a significant improvement
in symptoms[2]. This paper preceded the emergence of the
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clinical trial as a common method for assessing new drugs.
The data she presented were based upon: “my material
and represent patients who reacted rapidly or favourably
to the treatment”. Svartz recognised that such an approach
was selective and excluded patients in whom the drug had
failed to be effective. In addition diagnosis depended upon
history, radiological interpretation of barium enemas or a
visual inspection of the rectal mucosa at proctoscopy. No
evidence was presented that the diagnosis had been confirmed with a rectal biopsy or infection excluded through
faecal culture. The paper reported nine cases of ulcerative
colitis of varying degrees of severity and presented data
on stool frequency and shape together with temperature
charts. These end points largely reflected the patient’s
subjective interpretation of progress on treatment. In two
cases the rectal mucosa was examined after successful
treatment but the interpretation of an improved appearance was subjective. The doctor was aware the patient had
received treatment with a new drug and there had been an
apparent clinical improvement. However, criticism needs
to be tempered by the fact that the randomised controlled
trial (RCT) had not been introduced into the assessment
of drug treatment in 1942[3]. The study showed a beneficial
effect from sulphasalazine in ulcerative colitis. However,
it lacked rigor, was selective in the results presented, with
poor case definition, a lack of clear and reproducible endpoints and no control group. It was an opportunity to
record in some depth through structured interviews the
views of patients on this new agent, its benefits and side
effects. However, the methodology for recording and interpreting such qualitative data did not then exist within
clinical practice.

EARLY CLINICAL TRIALS OF EFFICACY
The concept of a “double-blind controlled trial of sulphasalazine against a placebo in mild cases of ulcerative
colitis” was not investigated until 1962[4]. Forty patients
were randomly allocated to a treatment or placebo group.
There was no attempt to stratify the groups so that they
contained patients of similar age and extent of disease.
Two outcomes were measured-the patients’ symptoms as
reported to an observer and a different observer’s assessment of the rectal mucosa at sigmoidoscopy. These again
are subjective measures and where there was a discrepancy
between symptoms and mucosal appearance “the final assessment was reached by discussion”. Sixteen of the twenty patients in the treatment group improved compared to
eight on placebo. This result was statistically significant
and launched the widespread use of sulphasalazine to control ulcerative colitis. Although the study was placebo controlled it was small and outcome measures were subjective.
In 1964, a second placebo controlled trial of sulphasalazine
was reported from a different centre[5]. It was based on 11
pairs of patients, one of whom received active treatment
and the other placebo. It had the same limitations of being
small, data were open to patient and observer subjectivity.
Despite these limitations, such papers helped establish a
central role for 5-ASA compounds, such as sulphasalazine,
in the prevention of recurrent attacks of ulcerative colitis.
They also generated a new research question, namely for
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how long should this medication be prescribed.
In 1973, two papers were published on the role of
sulphasalazine in maintenance of remission. The Danish
study was of 50 patients in remission over a 6 mo period[6].
Half continued to receive sulphasalazine, while the rest
were given placebo. Selection was random, but with a stratified design so that both groups had patients with disease
of comparable extent and severity. Adherence to therapy
was checked with a returned tablet count. However, poor
adherence did not exclude a patient from the study. Rather
an “intention to treat” approach was used. This added
strength to the study and addressed any criticism that adherence was not an important factor in the assessment of
long-term treatment programs. At the end of the study
recurrence rates were comparable at 29% for those on
placebo and 24% in the active group. The definition of
recurrence chosen was again subjective and based on rectal
bleeding for three days or more than three defecations on
five successive days. In contrast, the British study of sixty
four patients used both subjective and more objective endpoints, including a blinded assessment of sigmoidoscopic
appearance and histology[7]. Patients who had been stable
on active treatment for one year were entered into a placebo controlled study of the efficacy of sulphasalazine. Patients on placebo had a relapse rate four times greater than
those receiving active treatment with sulphasalazine. The
relapse rate amongst patients on active treatment was 12%
compared to 55% for those on placebo. The study had a
stratified design and the outcome for patients who had
been on maintenance treatment for at least three years is
of particular interest. The relapse rate for those who continued with active treatment was 13% compared with 58%
for those on placebo. It was on the basis of these results
that the authors considered that there was: “a good case
for continuing maintenance treatment with sulphasalazine
indefinitely provided there are no harmful side effects”
and so the continuous use of sulphasalazine to maintain
remission in ulcerative colitis became accepted practice.
Riis et al[6]’s study was based on symptoms, while that of
Dissanayake & Truelove[7] depended upon both symptoms
and histological criteria. As the criteria used for remission
in Dissanayake & Truelove’s study[7] were stricter and consistent with current views that histological remission is a
more objective measure it is not surprising that life long
5-ASA therapy became the norm.

STUDIES ON DURATION OF TREATMENT
In 1985, thirty two patients in remission and on continuous
treatment with sulphasalazine were randomly allocated to
one of two groups[8]. The first continued with sulphasalazine on a daily basis, while the second only took it for a
period of fourteen days if they had symptoms of a recurrence. Progress was followed with regular rectal biopsies
and these were scored “blind” for evidence of inflammation. At the end of one year there was no statistical
difference in the relapse rate between groups. This clearly
suggested that “on demand treatment” may be as effective
as regular maintenance therapy. This is an important consideration in the management of chronic conditions. Many
people find it difficult to take medication daily, especially
www.wjgnet.com
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Figure 1 Relapse rates amongst patients with ulcerative colitis in remission in a
study of delayed release mesalazine compared with placebo[14]

if they feel well. If treatment is only needed during a flareup there is no point pressurising people to take it every
day. However, the study was small and may have been of
inadequate size to demonstrate any true difference in relapse rates between the groups. Indeed up until this point
the whole basis for the long-term management of patients
with ulcerative colitis had been based on quantitative research on only 146 patients. Minimal attention was given
to any qualitative assessment of the impact of medication
on quality of life or to develop a better understanding of
patients’ views on taking medication regularly whilst well.
In 2002 Sutherland et al[9] reviewed prospective randomised studies of the effect of oral 5-ASA therapy on
maintenance of remission in ulcerative colitis between
1981 and 2002. There were 16 studies which looked at the
effectiveness of maintenance therapy for 6 mo or longer.
Indeed only one study reviewed a period as long as 18 mo[10].
Based on such studies the current Guidelines of the British
Society of Gastroenterology state: “Lifelong maintenance
therapy is generally recommended for all patients, especially
for those with left sided or extensive disease, and those with
distal disease who relapse more than once a year”[1]. Interestingly, until recently there were no studies which used the approach adopted in the investigation of the benefits of long
term azathioprine therapy in Crohn’s disease[11,12] and ulcerative colitis[13] (Figure 1).
In 1999, Ardizzone et al[14] conducted such an investigation amongst 112 patients. Patients were stratified into
two groups depending upon whether they had been in
remission for under two years or over that period. All patients were then randomised to either active treatment with
mesalazine or received a placebo. Mesalazine significantly
reduced the relapse rate at 12 mo in the group who had
been in remission for less than two years. However, active
treatment conveyed no advantage to those who had been
in remission for more than two years. How much of this
effect can be attributed to the high relapse rate of 49%
in the placebo group who had been in remission for less
than two years is open to some discussion although the
difference was not significant. In this study compliance
was monitored through use of tablet counts and noncompliance was defined as failing to take less than 80% of
the medication. Long duration of treatment is commonly
associated with poor adherence to treatment which can
at times reach 40%-50%. However, pill counts may fail to
detect the true level of lack of adherence to therapy[15].
Indeed the overall relapse rate at 12 mo for patients who
had been in remission for less than two years (38%) was
not significantly different to that of those in remission
www.wjgnet.com
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for more than two years (22%). Such high rates of relapse
certainly raise interesting questions as to patients’ overall
adherence to therapy. In view of the fact that maintenance
therapy was under investigation the authors used an “intention to treat” approach. This was only the second occasion
on which researchers in this field recognised that patient
adherence to prolonged therapy could be complicated by
their forgetting to take medication or becoming bored or
disillusioned with the treatment. Indeed the failure to conduct qualitative research on patients attitude to this therapy
meant that the reasons patients might discontinue their
treatment were unknown. In this study relapse was defined
clinically and based on increased stool frequency and rectal
bleeding together with evidence of active disease on sigmoidoscopy. The failure of the investigators to follow the
original study plan and recruit eighty six patients compared
with the actual sixty one may have led to a falsely significant finding. Indeed, recruitment in the second group was
even less near the target size.

SHOULD TREATMENT BE CONTINUOUS
OR INTERMITTENT
Some support for the role of poor adherence comes from
a small study of intermittent therapy from Cambridge[8]
and the later study of Bardazzi et al [16]. In this twelve
month clinical trial in Florence 25 patients received intermittent treatment with 5-ASA tablets for the first week of
each month and 25 received continuous treatment. The relapse free rates at 12 mo were 71% in patients on intermittent therapy and 66% in those on continuous treatment.
This difference was not significant and suggested that
intermittent therapy might be as effective as continuous
therapy. However, a particularly interesting aspect of the
study is that the overall relapse rate for the 47 patients who
completed it was 32%, and this bears direct comparison
with the results from Ardizzone[14] and the 36% relapse
rate reported by Dickenson et al[8].

ADHERANCE TO THERAPY AND THE ROLE
OF THE PATIENT
In addition to raising questions as to how long and how
intensive treatment with 5-ASA compounds should be,
these two Italian studies again draw attention to the role
of patient adherence. The relapse rates of between 20%
and 40% suggest that compliance was probably poor. The
Cambridge study of on demand therapy with sulphasalazine showed no difference from regular medication. This
tends to suggest that this is how patients on regular treatment use their drugs on demand when symptoms remind
them of their need to take treatment.
Clear confirmation of this view comes from Kane et
al[17]’s study in Chicago where the prevalence of medication
non-adherence was 60% in patients with quiescent ulcerative colitis. Prescription use by three separate populations
from a clinic, pharmacy, and telephone callers was investigated. In total, 94 patients were interviewed by a single
investigator. No information is given on the type of interview technique used and the only data collected appeared
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to be demographic. Adherence was defined as “consumption of > 80% of prescribed medication over a six-month
period”. This definition was based on the suggestion that
loss of more than 20% of patients in a clinical trial makes
the results suspect[18]. The choice of this definition for this
study was, therefore, arbitrary and not evidence based.
Patients who continue to participate in clinical trials may
consume less than 80% of prescribed medication. In addition it is “the intention to treat” that is important. Patients
may withdraw from a study because an otherwise effective
medication has unacceptable side-effects. A better approach would have been to analyse the results at serial levels of consumption e.g. 100%, 90%, 80%, 70% and 60%
etc. Univariate analysis was applied to the data and showed
non-adherence was significantly associated with male gender, single status, limited disease, and a history of more
than four concomitant medications. Of these four factors
only the last might be open to clinical alteration. This confirms the limitation of only collecting biodata. No attempt
was made to identify those factors which caused men or
those with limited disease not to comply with therapy. The
simple mantra “Ask the patients” was not utilised by the
researchers.
In 2003 a study from Canada again failed to follow this
simple mantra[19]. The stated purpose of the study was to
investigate determinants of non-adherence amongst 153
patients with inflammatory bowel disease. It used a series
of questionnaires to examine whether problems with the
therapeutic relationship between these patients and their
ten doctors was an important factor. The study was based
at one centre in Montreal and data on patient-physician
discordance, psychological distress, and social support, as
well as non-adherence, were collected using validated questionnaires. No preliminary attempt was made to discover
from patients why they might not adhere to treatment
plans. Although complete data were only available for 77%
of patients the demographic, clinical, and psychosocial
characteristics of the non-responders were claimed to be
similar. A complex statistical analysis was used to show that
51 of 153 (53%) simply forgot to take their medication, 16
(10%) stopped because they felt better and 13 (8%) worse,
with 7% overlap between the groups. Non-adherence was
again linked to less active disease and recent diagnosis. Interestingly, for patients who forgot to take their medication
there was a link with: “less certainty that medication would
positively affect health”.
This again emphasises the generally held belief that patients with ulcerative colitis should take 5-ASA compounds
on a regular long-term basis, despite the fact that evidence
for this approach is weak. Again, an opportunity was
missed for using qualitative techniques, such as in-depth
interviews, to investigate patients’ beliefs about 5-ASA
compounds, their actual use of them, and reasons for nonadherence. Such a study would have provided an insight
into patient practice and helped clarify whether people in
the active wing of long-term maintenance studies really
take the medication.
Non-adherence has been associated with male gender,
being single, and taking multiple concomitant medications.
Compliance with an intensive program of medication in
ulcerative colitis can prove difficult for a number of pa-
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tients and several other studies have indicated that pills are
often forgotten or taken in a disorganised pattern[19-21]. Studies across a wide range of disciplines have shown that patients who are more satisfied and informed about their care
are more likely to be adherent to treatment programs[22].

THE CONSEQUENCES OF POOR
ADHERENCE
The level at which patients adhere to their 5-ASA therapy
may have particular importance in the reduction of cancer
risk in ulcerative colitis. Early work by Jones et al[23] demonstrated that the development of colorectal cancer as a
complication of long-standing ulcerative colitis might
be the result of poor compliance with therapy. Patients
who developed cancer in their community based surveillance program were the very patients who failed to attend
for their regular colonoscopy. In a 10 year study of 175
patients Moody et al[24] found that the crude proportions
developing cancer were 5/152 (3%) in the group who took
long-term sulphasalazine but 5/16 (31%) in the those who
had had their treatment stopped or who did not comply
with therapy. Further support for the value of 5-ASA
compounds in cancer prevention comes from the work of
Eaden et al[25]. In her study of 102 cases of colorectal cancer complicating ulcerative colitis regular 5-ASA therapy
reduced cancer risk by 75% (OR 0.25, 95% CI: 0.13-0.48,
P < 0.00001). Adjusting for other variables, taking mesalazine regularly was shown to reduce the risk by 81% (OR
0.19, 95% CI: 0.06-0.61, P = 0.006). These studies emphasise the need for adherence to therapy, but how close and
how long must that adherence be? In Pinczowski et al[26]’s
study from Sweden of 3012 patients with ulcerative colitis,
pharmacological therapy, especially sulfasalazine, lasting at
least 3 mo was associated with a significant protective effect (RR, 0.38; 95% CI: 0.20-0.69) independent of disease
activity.
The current evidence is that patients with ulcerative
colitis are poorly adherent to 5-ASA therapy and that this
situation probably worsens with time. Only limited work
has been done on those factors which are associated with
lack of adherence but male gender and multiple therapies
seem to be important. General work on compliance has
suggested that education about the role of drugs may lead
to greater adherence. Apart from a reduction in morbidity
through reduced frequency of flare-ups greater adherence to 5-ASA therapy is likely to reduce the incidence of
colorectal cancer as a complication of long term ulcerative
colitis. Greater attention to strategies which are associated
with higher adherence would therefore seem worthwhile
and it may be that in order to achieve this effect it will not
be necessary to make certain that their impact is life-long.
Any research on adherence will therefore also need to address the issue of the optimum duration and pattern of
treatment.

CONCLUSION
The generally held belief that 5-ASA compounds should
be taken regularly and life long is based on a small number
www.wjgnet.com
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of small quantitative studies. In early trials stratification of
the active and control groups for severity, extent, and duration of disease was often omitted from the design. End
points have usually been subjective and there was often a
failure to adequately blind observers. However, the core
issue as to whether these medications are actually taken
long term has never been investigated directly with patients. Substitute markers, such as returned pill counts, are
inaccurate. There have been no in-depth interviews with
patients and we have little knowledge about their attitude
towards this form of treatment. This should have been the
obvious foundation for research on maintenance therapy
in ulcerative colitis and its absence calls into question most
of the work done on this topic.
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Abstract
AIM: To examine how the introduction of endoscopy to
gastric cancer screening affected survival prognosis in a
regional population.
METHODS: The subjects comprised 4261 residents of
Kamigoto, Nagasaki Prefecture, who underwent gastric
X-ray examination for gastric cancer screening from
1991 to 1995, and all 7178 residents who underwent
endoscopic examination for the same purpose from 1996
to 2003. The analysis evaluated trends in age-adjusted
gastric cancer mortality rates and standard mortality
ratios (SMRs) among the Kamigoto residents.
RESULTS: According to demographic statistics, the 1995
and 2000 age-adjusted gastric cancer mortality rates in
Nagasaki Prefecture (per 100 000 population) were 42.6
and 37.3 for males and 18.6 and 16.0 for females, while
the corresponding rates in Kamigoto before and after the
introduction of endoscopic screening were respectively
51.9 and 28.0, and 26.6 and 6.9. The data obtained
in this study were divided into those for two periods,
1990-1996 and 1997-2006, and SMRs were calculated
separately for males and females. For the first period,
the SMR was 1.04 (95% CI 0.50-1.58) for males and 1.54
(95% CI 0.71-2.38) for females, while for the second
period the SMR was 0.71 (95% CI 0.33-1.10) for males
and 0.62 (95% CI 0.19-1.05) for females.
CONCLUSION: Following the introduction of endoscopic
examination, gastric cancer death rates decreased in
Kamigoto.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Endoscopic examination is gaining acceptance as a means
of gastric cancer screening. The importance of gastric
endoscopy is its improvement of post-treatment QOL
for the growing number of patients for whom endoscopic
mucosal resection (EMR) is indicated, and its most
anticipated effect is improvement of survival prognosis.
However, evaluation of the effects of endoscopic
examination on survival prognosis is incomplete, and
a March 2006 report by the Japan Research Group on
the Establishment of Appropriate Methodology and
Evaluation in Cancer Screening concluded that a level
of "I" for endoscopy as part of gastric cancer screening,
i.e., implementation in mass screening, could not be
recommended.
In the Kamigoto treatment area examined in this study,
gastric X-ray examination was replaced by endoscopy as
a means of gastric cancer screening in 1996. This study
examined how the introduction of endoscopy to gastric
cancer screening affected survival prognosis of residents
of this area.

MATERIALS AND METHODS
Regional screening in the Kamigoto treatment area has
long been performed by Kamigoto Hospital in partnership
with the Kamigoto town office. Of a target screening
population of 7400 people, 3200 have been screened,
at a rate of approximately 700-1000 screenings per year.
Recruiting of applicants for endoscopic screening is
performed through public notices and through activities
with outpatients, and screening is free of charge to
Kamigoto residents age 40 years or older. A significant
number of screenings are performed as part of annual
or biennial checkups, though the exact number of such
screenings is unknown.
Kamigoto Hospital is a 186-bed general hospital
that performs approximately 3000 upper gastrointestinal
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Table 1 Composition of gastric cancer cases discovered on
screening

Female
Male

1000
800

Gastric cancer detection
Early-stage
Invasion depth (m)
Indication for EMR1
Gastric cancer recurrence
Gastric cancer death

600
400
200
0

'92

'94

'96

'98

'00

X-ray (n = 4261)
2
1/2
1/2
0/2
1
1

Endoscope (n = 7178)
28
25/28 (89.3%)
20/28 (71.4%)
12/28 (42.9%)
0
1

'02 (Yr)
1

Figure 1 Trend in number of gastric cancer screening recipients.
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Figure 2 Trend in gastric cancer cases discovered on screening.

endoscopies annually. Olympus endoscopes (GIF-Q200,
GIF-Q240, GIF-XQ240) are used. Although intramuscular
injection of anti-cholinergic agent is given immediately
before endoscopy, sedation is not generally performed.
Sterilization conforms to the Guidelines of the Japan
Gastroenterological Endoscopy Society, and peracetic acid
preparation is used as a disinfectant.
At Kamigoto Hospital, eight physicians perform
endoscopic examinations, including five internists
and three surgeons. Four of them are physicians who
completed residency training less than four years ago
and thus have less experience performing endoscopic
examinations. Diagnosis is made solely by the performing
physician. Gastric cancer is diagnosed on the basis of
histological examination of forceps biopsy specimens in
Kamigoto Hospital.
In 1996, the Kamigoto area replaced its conventional
gastric barium X-ray examination for gastric cancer
screening by endoscopic examination. The subjects of this
study included 4261 patients (1246 males, 3015 females)
who underwent gastric X-ray examination for gastric
cancer screening from 1991 to 1995, and 7178 patients
(2432 males, 4746 females), consisting of all individuals
who underwent endoscopic screening from 1996 to 2003.
In addition, the regional screening included screening
offered by local government only, and did not include
screening offered by work site. The mean screening rate
for the gastric X-ray examination group was 26.6% and the
mean rate for the endoscopy group was 28.2%.
To investigate whether reduction of gastric cancer
mortality resulted from the introduction of endoscopic
examination, gastric cancer cases detected by screening

Indication for EMR (endoscopic mucosal resection) conformed to the March
2001 Gastric Cancer Treatment Guidelines of the Japanese Gastric Cancer
Association.

were evaluated in relation to various characteristics of the
subjects and by evaluation of outcome (life or death), date
of death, and cause of death in patients with gastric cancer
for Kamigoto residents, in cooperation with the Kamigoto
town office.

RESULTS
Following the introduction of endoscopic examination,
a decrease was observed in the number of screened
individuals (Figure 1). People aged 60 years or older
made up 70% of the endoscopic examination group, with
this age group exhibiting a slight increase over time in
proportion of all individuals screened.
Among the 4261 individuals who underwent gastric
X-ray examination, 2 (0.05%) cases of gastric cancer
were discovered, compared to a Kamigoto population
rate of 9.4/year per 100 000 population, and the mean
gastric cancer detection rate was 0.05%. Among the 7178
individuals who underwent endoscopic examination, 28
(0.4%) cases of gastric cancer were discovered, compared
to 48.8/year per 100 000 population, and the mean gastric
cancer detection rate was 0.4%.
After the introduction of endoscopic screening, the
number of gastric cancer cases detected tended to increase
(Figure 2). In the gastric X-ray examination group, the 2
cases noted above were detected during initial screening. In
the endoscopic examination group, 13 (46.4%) cases were
detected during an annual checkup, 3 (10.7%) cases were
detected during a biennial checkup, and 4 (14.3%) cases
were detected during initial screening.
Table 1 shows the composition of gastric cancer
cases detected during screening. Indications for EMR
(endoscopic mucosal resection) confor med to the
March 2001 Gastric Cancer Treatment Guidelines of
the Japanese Gastric Cancer Association. In the gastric
X-ray examination group, 1 (0.02%) case of early gastric
cancer, 1 (0.02%) case reaching invasive depth M (mucosal
layer), and no cases of cancers indicated for EMR were
observed. In the endoscopic examination group, the
corresponding numbers were 25 (0.35%) cases, 20 (0.28%)
cases, and 12 (0.17%) cases. Of the cases detected in the
endoscopic examination group, 25 of the 28 (89.3%)
were early cancer, suggesting that endoscopy increased
the rate of early gastric cancer detection, and 11 of the 28
(39.3%) underwent EMR, 17 of the 28 (60.7%) underwent
www.wjgnet.com
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Figure 4 Trend in age-adjusted gastric cancer death rates.

definitive surgery and no inoperable case was noted.
In one case in the gastric X-ray examination group, the
patient subsequently died of gastric cancer, though as of
December 2006 gastric cancer death was detected in one
case and no recurrences had been noted in the endoscopic
examination group (Table 1).
The mean number of gastric cancer deaths in Kamigoto
fell from a rate of 5.0/year for the 3-year period from
1994 to 1996 preceding the introduction of endoscopic
examination to a rate of 2.1/year for the 10-year period
from 1997 to 2006 (Figure 3). Thirty-four (94.4%) cases of
these gastric cancer deaths involved unscreened individuals.
Since all cases of gastric cancer death in 1996 were detected
in fiscal year 1995, they were included in the first period.
To more accurately characterize findings for Kamigoto,
we used data for Nagasaki Prefecture to compare ageadjusted death rates derived from the year-on-year trend
in gastric cancer deaths. However, results could not be
calculated for males in 1996 or for females in 1994 and
1998 due to lack of confirmation of age at time of death.
According to demographic statistics, the age-adjusted
gastric cancer death rates (per 100 000 population) for
Nagasaki Prefecture were 42.6 for males and 18.6 for
females in 1995, and 37.3 for males and 16.0 for females
in 2000. In Kamigoto, the corresponding mean values
for the 3-year period from 1994 to 1996 preceding the
introduction of endoscopic examination were 51.9
for males and 26.6 for females, while mean values for
the 10-year period from 1997 to 2006 following the
introduction of endoscopic examination were 28.0 for
males and 6.9 for females (Figure 4).
SMR (standard mortality ratios) were then determined

www.wjgnet.com

1990-1996: Town of Kamigoto population (1995), gastric cancer mortality
in Nagasaki Prefecture (1995). 21997-2006: Town of Kamigoto population
(2000), gastric cancer mortality in Nagasaki Prefecture (2000). Since all cases
of gastric cancer death in 1996 were detected in fiscal year 1995, they were
included in the first period.

Table 3 Comparison of discovery costs for 1 gastric cancer case

Total number (a)
Cost (b)
No. gastric cancers (n)
Gross cost (a × b)
Cost to detect one case of gastric cancer (a × b/n)

X-ray
4261
¥3000
2
¥12 783 000
¥6 391 500

Endoscope
7178
¥11 000
28
¥78 958 000
¥2 819 928

from the Nagasaki Prefecture data. The data were divided
into two groups, representing the 7-year period from 1990
to 1996 and the 10-year period from 1997 to 2006. As
noted above, since all cases of gastric cancer death in 1996
were detected in fiscal year 1995, they were included in
the first period. For the first period, the 1995 Kamigoto
population and the 1995 Nagasaki Prefecture gastric
cancer death rates (per 100 000 population) were used; for
the second period, the corresponding figures for 2000 were
used. The mean SMR values were calculated separately for
males and females. For the first period, the results were 1.04
(95% CI: 0.50-1.58) for males and 1.54 (95% CI: 0.71-2.38)
for females, while for the second period they were 0.71
(95% CI: 0.33-1.10) for males and 0.62 (95% CI: 0.19-1.05)
for females (Table 2).
A gastric X-ray examination costs ¥3000 per person,
while an endoscopic examination costs ¥11 000 per
person. Endoscopic examinations are thus more costly, but
the cost incurred per gastric cancer case after discovery
was ¥6 391 500 for the gastric X-ray examination group
and ¥2 819 928 for the endoscopic examination group,
making the cost-benefit ratio superior for the endoscopic
examination group (Table 3).
In the subject groups considered in this study, no case
of incidental disease and endoscopy-related infection
discovered by endoscopic examination and requiring
medical intervention has yet been discovered.

DISCUSSION
The number of gastric cancer cases discovered annually
in Japan is 103 685 (estimated, 1999), and the number of
deaths from gastric cancer is 49 535 (confirmed, 2003),
placing gastric cancer first in Japan among cancers in
terms of number of new cases and second only to lung
cancer in terms of deaths. In Nagasaki Prefecture in 2000,
gastric cancer morbidity was 130.1/100 000 for males and
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57.5/100 000 for females, compared to mean values of
95.2/100 000 for males and 55.9/100 000 for females in
Kamigoto for the 6-year period from 1998 to 2003. Thus,
morbidity was significantly lower in males in Kamigoto
than in males in Nagasaki Prefecture.
Numerous studies have reported that gastric endoscopy
is more effective than gastric X-ray examination in
discovering small lesions and for qualitative diagnosis,
and similarly for assessing gastric cancer detection rates
and early gastric cancer ratios. However, according to
the fiscal year 2003 Compendium of National Statistics
from Gastroenterology Mass Survey, 5 975 956 individuals
underwent gastric X-ray examination as part of gastric
mass screening, compared to 68 923 who underwent
endoscopy, showing that gastric X-ray examination still
tends to be used for screening. Gastric cancer detection
rate was 0.1% in the gastric X-ray examination group,
compared to 0.24% in the endoscopy examination group[1].
In our study, the significant increase in gastric cancer
detection after the introduction of endoscopic screening
may reflect the aging of our study’s participants.
The finding that gastric X-ray screening reduced
gastric cancer death rates among both men and women
was obtained in case-controlled research by Oshima
et al[2], Fukao et al[3], and Abe et al[4], and by a meta-analysis
by Tsubono et al (males OR: 0.39, 95% CI: 0.29-0.52;
females OR: 0.50, 95% CI: 0.34-0.72)[5]. Mizoue et al[6] also
carried out multicenter, cooperative research in a largescale research cohort comprising 30 771 screening group
subjects and 56 541 control group subjects who were
followed for 8 years. Males demonstrated a 46% reduction
in death rate (RR: 0.54, 95% CI: 0.41-0.70), females
exhibited a 26% reduction in death rate (RR: 0.74, 95%
CI: 0.52-1.07), and among those with a prior history of
gastric cancer in either parent, further reduction in death
rate was noted (RR: 0.32, 95% CI: 0.12-0.87). A cohort
studied by Lee et al[7] comprising 15 189 screening group
subjects and 26 961 control group subjects was followed
for 13 years and exhibited a 48% reduction in death rate
(RR: 0.52, 95% CI: 0.36-0.74). Research by Arisue et al[8]
compared a gastric cancer high-screening region to a lowscreening region, and demonstrated a reduction in death
rate of 30.2% among males and 36.5% among females in
the high-screening region (P < 0.05). Reductions of death
rate of 14.1% among males and 22.6% among females
were observed in the low-screening region (P < 0.05).
With regard to reduction of gastric cancer death rate
by endoscopic examination, Riecken et al [9] performed
multiple endoscopic screenings from 1989 to 1999 among
a Chinese cohort comprising 4394 residents of Linqu
County, a gastric cancer cluster area. During a follow-up
period extending to 2000, 85 individuals developed gastric
cancer, of whom 29 (34%) were found to have early-stage
cancer, while 58 (68%) had cancer discovered on screening.
Gastric cancer SMRs among these subjects during followup were 1.01 (95% CI: 0.72-1.37), and 1.13 (95% CI:
0.77-1.57) for males and 0.65 (95% CI: 0.26-1.32) for
females. The SMRs for two groups representing subjects
from 1989-1994 (initial cohort) and those from 1995-2002
(interventional trial cohort) did not differ, at 0.97 (95% CI:
0.50-1.66) for the initial cohort and 1.08 (95% CI: 0.72-1.55)
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for the interventional trial cohort, and the study reported
no observation of reduction of death rates. Other than
the Riecken study, no studies have evaluated survival
prognosis.
Rather than compare a screening group and a nonscreening group, our study examined screened individuals
and used two methods to analyze outcomes before and
after the introduction of endoscopic screening: a direct
method, involving age-adjusted death rate, and an indirect
method, involving SMR. In each case, Kamigoto subject
data were compared to those from Nagasaki Prefecture.
Age-adjusted death rates for the Kamigoto females were
clearly lower than those for Nagasaki Prefecture. Results
for the Kamigoto males were also lower overall, but also
reflect poor stability of death rates, a weakness of the
direct method attributable to inclusion of a small subject
group. We, therefore, also evaluated results by SMR, which
is applicable to analysis at the city-, town-, and villageunit levels. Analysis was performed using gastric cancer
death rates for Kamigoto and for Nagasaki Prefecture,
and a notable reversal was observed at the point at which
endoscopic screening was introduced. Although it would
be premature to conclude that endoscopic screening
decreased gastric cancer deaths, this conclusion has begun
to be supported by follow-up data obtained 10 years after
this introduction.
Issues requiring further attention include detailed
identification of high-risk gastric cancer groups, screening
intervals, geriatric screening, and screening rates. Detection
of H pylori infection, measurement of serum pepsinogen,
and other methods have come into use in gastric cancer
screening and are expected to provide screening markers
for gastric cancer.
Increase in screening rate is also a factor determining
the effectiveness of gastric cancer screening, and efforts
to increase screening rates require the creation of an
organized system for screening, as opposed to opportunistic
screening. Partnership with local governments is crucial for
development of an organized screening system. Since the
introduction of gastric endoscopy screening in Kamigoto,
the mean screening rate there has been 28.2%, and efforts
to communicate these research results, promote screening,
and undertake interventions are expected to further
increase this rate.
In the Kamigoto area, endoscopic screening was
implemented in an organized fashion. In the future, we
intend to further increase the screening rate in partnership
with local governments. The introduction of endoscopic
screening increased early gastric cancer detection rates and
EMR cases in particular. Since age-adjusted gastric cancer
mortality and SMR in Kamigoto also declined after the
introduction of endoscopic screening, the results of this
study suggest that endoscopic screening probably decreased
gastric cancer deaths. We believe our results provide further
evidence that use of endoscopic examination for gastric
cancer screening should be recommended.
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Abstract
AIM: To explore the syndrome differentiation in
traditional Chinese medicine (TCM) and gene protein
expression in gastric carcinoma.
METHODS: Preoperative data of gastric cancer cases
were collected from the General Surgery Department
and classified according to the criteria for syndrome
differentiation in TCM. E-cadherin (E-cad) and ICAM-1
gene protein expressions were detected in postoperative
specimens from these cases by the immunohistochemical
EnVision two-step method.
RESULTS: The E-cad positive expression rate was
90% in 100 cases of gastric carcinoma. The difference
in E-cad expression was significant between the
different syndrome differentiation types in TCM (P <
0.01). Further group-group comparison showed that
there was a significant difference in E-cad expression
between the stagnation of phlegm-damp type and the
deficiency in both qi and blood and the deficiency-cold
of stomach and spleen types, where E-cad expression
was high. There was no significant difference between
the internal obstruction of stagnant toxin type and the
in-coordination between liver and stomach type, where
E-cad expression was relatively low. The ICAM-1 positive
expression rate was 58%, and there was no statistically
2
significant difference between the two groups (χ = 8.999,
P > 0.05).
CONCLUSION: E-cad expression is relatively low in the
internal obstruction of stagnant toxin type and the incoordination between liver and stomach type, where

tumor development and metastasis may be associated
with low E-cad expression, or with low homogeneous
adhesiveness between tumor cells.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Guided by the “yin-yang and five-element theories” and
supported by the “viscera-state and meridian doctrines”,
traditional Chinese medicine (TCM) elucidates the kinetic
laws of human birth, aging, disease and death, and treats
illnesses in the light of “syndrome differentiation”.
Nevertheless, TCM is unable to explain various human
physiopathogical phenomena. Most of its theories
and doctrines are abstracted and deduced from direct
experience and perception. These theories and doctrines
have been playing an undeniable role, but they restrain
the advance in TCM science. With the rapid advance in
modern science and technology, people have recognized
microscopic changes in human organs at cell and molecular
levels. However, the potential correlation between TCM
theories and microscopic changes has been rarely studied.
Syndrome differentiation in TCM, a crucial step in clinical
practice of TCM, is a comprehensive analysis of external
manifestations of the human body based on TCM
theories, and reflects physiopathological changes in the
human body (from the TCM viewpoint). Treatment based
on syndrome differentiation is the core of TCM therapy
for tumors. Traditional Chinese herbal medicines play a
unique role in treating tumors, especially in improving the
quality of life and prolonging survival of tumor patients.
This study was to explore the syndrome differentiation in
TCM and E-cadherin (E-cad) and ICAM-1 expression in
gastric carcinoma.
www.wjgnet.com
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MATERIALS AND METHODS
Patients
All data were obtained from patients admitted to
Changzheng Hospital between November 2002 and
Januar y 2005, who were diagnosed with or highly
suspected of having gastric carcinoma and scheduled to
receive surgical operation on the next day. A total of 500
patients were enrolled in the study, including those who
were diagnosed with gastric carcinoma by gastroscopic
biopsy and scheduled to receive surgical operation, as well
as those who refused to undergo preoperative gastroscopic
biopsy, but were highly suspected of having gastric
carcinoma by B-ultrasound and CT scan and scheduled to
undergo surgical resection.
The following patients were excluded from the
study, including (1) those who were highly suspected
of having gastric carcinoma preoperatively which were
excluded from malignant tumors by pathologic study
of surgically resected specimens, (2) those who failed
to undergo surgical operation on the next day because
of various reasons (unable to decide whether there was
tumor infiltration or lymph node metastasis), (3) those
with non gastric carcinoma, including mesothelioma,
gastric lymphoma, gastric metastatic tumor and tumors
disseminating from other parts of the body. A total of 81
cases were excluded from the study, including 36 cases of
non gastric carcinoma, 21 cases of benign tumor, 6 cases
of mesothelioma, 2 cases of tumor spreading from colonal
carcinoma and 1 case of pancreatic cancer, 1 case of
hamartoma, 32 cases of tumor with unknown pathology
and 13 cases who did not receive surgical operation.
Finally, a total of 419 cases were included in the present
study, including 148 cases of in-coordination between
liver and stomach type (IBLS), 84 cases of stagnation of
phlegm-damp type (SPD), 74 cases of internal obstruction
of stagnant toxin type (IOST), 46 cases of deficiencycold of stomach and spleen type (DCSS), 29 cases of
yin impairment due to stomach heat type (YISH), and 38
cases of deficiency in both qi and blood type (DOQB).
The details are shown in Table 1. A total of 100 cases were
selected randomly for immunohistochemical analysis.
Gastric carcinoma was divided into six types according
to the six-type differentiation method set by Beijing
Coordination Group of the First National Symposium
on Gastric Carcinoma (1978). Syndrome differentiation
criteria included (1) IBLS with symptoms of stomach
fullness, intermittent dull pain which may radiating two
flanks, hiccup and vomiting, deep or thin pulse, pink
tongue, and thin or light yellow tongue fur; (2) DCSS with
symptoms of gastric dull pain which can be relieved by
press and warmth, eating in the morning and vomiting
in the evening or vice versa, pallor, cold extremities and
mental tiredness, loose stool and edema, pale and enlarged
tongue, white and moist tongue fur, and deep and slow
pulse; (3) IOST with symptoms of gastric stabbing pain,
epigastric fullness and rigidity, hemoptysis and melena,
dry and scaly skin, dark purplish tongue, deep and thin
pulse; (4) YISH with symptoms of intragastric burning
heat, oral dryness and thirst, gastric discomfort with acid
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rereflux, postprandial gastric pain, feverish sensation
in chest, palms and soles, dry stool, anorexia, thin and
wiry pulse, red tongue with little fur or yellow fur with
little saliva; (5) SPD with symptoms of chest suffocation
and diaphragm fullness, sallow complexion and edema,
vomiting and profuse sputum, gastric fullness and loose
stool, subcutaneous nodules, pink tongue, and greasy
tongue fur; and (6) DOQB with symptoms of generalized
hypodynamia, palpitation and shortness of breath,
dizziness and halo vision, dim complexion, vexation of
deficiency type and insomnia, spontaneous perspiration
and night sweating, deficiency in both yin and yang, as well
as deep, thin and weak pulse, pale tongue with thin fur.
Tumor specimens
All tumor specimens were obtained were from the General
Surgery Department and paraffin-embedded in the
Pathology Department of Changzheng Hospital.
Reagents and instruments
Mouse anti human E-cad protein primary antibody
(a concentrated type: 0 mL, 1:50, serial No. M0536)
was purchased for m Fuzhou Maixin Biotechnolog y
Development Co., Ltd (Fuzhou, China). Mouse anti human
ICAM-1 protein primary antibody (a concentrated type:
0 mL, 1:50, serial No. M0146) was purchased from
Shanghai Changdao Biotechnology Co., Ltd (Shanghai,
China). PBS buffer solution was prepared for washing
before use. EDTA buffer solution was purchased from
DAKO. Hematoxylin and DAB color test kit were
products of Fuzhou Maixin Biotechnology Development
Co., Ltd. Other reagents included 10% neutral formalin,
xylene and 3% hydrogen peroxide methanol solution.
Main experimental instruments included paraffin
section machine (LEICA 2135, Germany), automatic tissue
processing machine (SHANDON, UK), electronic balance
(MP-110-I, Shanghai No. 2 Balance Instrumentation
Factory, Shanghai, China), biological photomicroscope
(OLYMPUS, Japan), ZH-3 paraffin section freezing table
(Shenyang Zong Heng Hi-technology Co., Ltd, Shenyang,
China), water-jacketed electrothermostatic incubator (PYXDHS-40 × 50, Shanghai Yue Jin No. 1 Medical Instruments
Factory, Shanghai, China), processing microshaker (75-2A,
Shanghai Medical Analytic Instrumentation Factory), and
drying box (Shanghai Xin Li Instruments Manufacturer).
Immunohistochemistry (using EnVision two-step method)
Human gastric tumor specimens fixed in 10% neutral
formalin were dehydrated with ethanol, hyalinized with
xylene, paraffin-embedded, sliced into 4- μ m sections,
deparaffined with xylene, gradient hydrated with alcohol,
washed with distilled water, and soaked in 3% hydrogen
peroxide methanol solution to block endogenous hydrogen
peroxidase. Antigen repair was done with 0.01mol citric
acid buffer solution (pH 6.0) in a hyperbaric pot. The
specimens were then added into non-immune bovine
serum, incubated at 37℃ for 20 min, added into 50 μL
concentrated primary antibody E-cad and ICAM-1 (1:50),
incubated in a 4℃ refrigerator overnight, added into
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Table 1 Correlation between pathology and syndrome differentiation in 419 cases of gastric carcinoma
Items

Syndrome differentiation

All

P

IBLS

SPD

IOST

DCSS

YISH

DOQB

M
W

148
99
49

84
64
20

74
57
17

46
34
12

29
11
18

38
21
17

419
286
133

Age (yr)

<40
≥ 40

11
137

9
75

7
67

3
43

2
27

2
36

34
385

PC

Squamous carcinoma
adenoma
Mucoid adenoma
Signet-ring

1
122
10
15

0
70
3
11

0
64
7
3

0
39
4
3

0
26
2
1

0
36
2
0

1
357
28
33

Ⅰ (Ⅰ-Ⅱ)
Ⅱ (Ⅱ-Ⅲ)
Ⅲ (Ⅲ-Ⅳ)
Ⅳ

2
75
70
1

2
41
38
3

1
38
34
1

0
31
14
1

1
16
12
0

1
20
16
1

7
221
184
7

0.899

1
2
3
4

21
32
51
44

5
24
22
33

6
21
29
18

2
11
20
13

2
6
9
12

2
4
15
17

38
98
146
137

0.298

LNM

No
Yes

50
98

30
54

28
46

16
30

9
20

13
25

146
273

0.989

DM

0
1

116
32

64
20

58
16

37
9

19
10

31
7

325
94

0.676

CS

Ⅰ
Ⅱ
Ⅲa-Ⅲb
Ⅳ

42
18
48
40

20
13
22
29

18
16
22
18

10
7
20
9

4
6
10
9

6
4
13
15

100
64
135
120

0.216

Lump
Ulcer
Ulcerative lump
LB stomach
Local mucous lesion

25
19
82
4
18

16
15
44
1
8

18
12
39
0
5

11
4
30
1
0

7
7
13
1
1

8
7
21
2
0

85
64
229
9
32

Fundal cardia
Body
Antrum/pylorus
Multiple

7
57
79
5

8
34
38
4

9
33
31
1

5
24
15
2

4
11
12
2

4
18
16
0

37
177
191
14

(n)
Sex

AS

In

TS

TL

0.001
0.894

0.277

0.278

0.452

PC: pathologic classification; AS: adenoma staging; In:infiltration; LNM: lymph node metastasis; DM: distant metastasis; CS: clinical staging; TS: tumor shape; TL: tumor
location.

50 μ L EnVision, and incubated in the ther mostatic
incubator at 37℃ for 2 h. The sections were added into
50 μ L DAB, and hematoxylin for 2 min. Alcohol was
differentiated with 1% hydrochloric acid, washed with
fresh water, stepwise dehydrated with alcohol, hyalinized
with xylene, and blocked with neutral resin.
Criteria for judging positive results
The sections were color developed with DAB. The
brown color refers to a positive result. Positive cells were
confirmed as long as the positive product was definite,
even though the distribution of positive staining may
not be homogenous and density may be different. Any 5
positive color stains in the high power field was set as the
criterion for judgment: light brown (+), yellow brown (++)
and dark brown (+++).
Scoring method
The density of color reaction and the number of

expressing cells were used to judge the value. The density
of immunohistochemical stain was classified as (-), (+),
(++) and (+++), which were assigned as 0, 1, 2 and 3,
respectively. The number of expressing cells of 0, 1%-25%,
25%-50%, 50%-75% and 75%-100% was assigned as 0,
1, 2, 3 and 4, respectively[1]. The multiplication of the two
values was used as the result.
Statistical analysis
Abnormal distribution data were tested with KruskalWallis H test using SAS statistic software (6.02). Intraand inter-group comparison was analyzed and tested with
Nemenyi test.

RESULTS
E-cad immunohistochemical expression in each group is
shown in Figure 1A-L, ICAM-1 immunohistochemical
expression is shown in Figure 2A and B. The E-cad
www.wjgnet.com
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A

B
E

F

G

H
Figure 2 The immunohistochemistry picture of ICAM-1. A: The TCM type of SPD:
AS Ⅱ-Ⅲ, +++, × 100; B: The TCM type of SPD: ASⅡ-Ⅲ, +++, × 100.

I

J

K

L

Figure 1 The immunohistochemistry picture of E-cadherin in each group. A: Type
of TCM syndrome of SPD, AS Ⅱ, +++, × 100; B: Type of TCM syndrome of SPD,
AS Ⅲ, +++, × 100; C: Type of TCM syndrome of IBLS, AS Ⅱ, ±, × 100; D: Type of
TCM syndrome of IBLS, AS Ⅱ, ±, × 100; E: Type of TCM syndrome of IOST, AS Ⅲ,
normal tissue (left) +++, × 100 Carcinoma tissue (right) +, × 100; F: Type of TCM
syndrome of IOST, AS Ⅱ, normal tissue (right) +++, × 100 Carcinoma tissue (left)
+, × 100; G: Type of TCM syndrome of YISH, AS Ⅱ-Ⅲ, ++, × 100; H: Type of TCM
syndrome of YISH, AS Ⅱ, ++, × 100; I: Type of TCM syndrome of DCSS, AS Ⅱ,
++, × 100; J: Type of TCM syndrome of DCSS, AS Ⅱ, ++~+++, × 100; K: Type of
TCM syndrome of DOQB, AS Ⅱ, +++, × 200; L: Type of TCM syndrome of DOQB,
AS Ⅱ, +++, × 100. The two pictures (E and F) show that high expression of
E-cadherin in normal tissue, while low expression of E-cadherin in the carcinoma
tissue. It suggest it is important for carcinoma development because of the loss of
E-cadherin.

immunohistochemical expression values in different
syndrome differentiation types of gastric carcinoma are
www.wjgnet.com

listed in Table 2.
The E-cad positive expression rate was 90% in 100
cases of gastric carcinoma. There was a significant
difference in E-cad gene protein expression between
different syndrome differentiation types in TCM (P < 0.01).
Further group-group comparison was conducted
to deduce differences in location between syndrome
differentiation types and the results were analyzed
by Nemenyi test (Table 3). There was no significant
different between SPD and DOQB and DCSS, and
E-cad expression was relatively lower in IOST and IBLS.
The difference was significant in other group-group
comparisons (P < 0.01).
The ICAM positive expression rate was 58% in 100
cases of gastric carcinoma. There was no significant
difference in ICAM-1 expression between different
TCMSD types (P > 0.05) (Table 4).

DISCUSSION
The significance of syndrome differentiation in TCM
was stated as early as in Tang Dynasty as “ The same
internal disease may be represented by different external
symptoms and signs, and different internal diseases may
have the same external manifestations and vice versa.
Therefore, sufficiency or deficiency in five-zang organs
and six-fu organs, luxuriance or exsiccation and patency
or obstruction of blood vessels is not exactly what is
observed by the eyes. They should be judged by differential
diagnosis”. TCM pays special attention to the integrity
and holism of the human body and its interrelationship
with nature. The component parts of the human body are
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Table 2 E-cad immunohistochemical expression values in different syndrome differentiation types of gastric carcinoma
SD in TCM

n

SPD (1)
YISH (2)
IOST (3)
DOQB (4)
DCSS (5)
IBLS (6)

17
16
16
17
17
17

E-cad expression value

6
2
0
6
6
0

6
6
0
4
6
12

9
6
6
6
4
2

6
0
12
8
12
0

0
4
6
8
4
2

4
8
0
6
6
3

6
2
3
2
8
2

6
2
0
12
9
1

6
4
3
9
6
6

9
2
3
6
8
4

6
8
2
4
2
1

3
6
0
4
4
6

6
4
8
4
1
2

8
12
1
0
12
6

9
4
4
6
2
2

6
1
4
8
4
4

3

1
0
1
2
0
0

1
1
4
0
0
1

2
1
1
6
0
0

1

9
4
0

SD in TCM: Syndrome differentiation in traditional Chinese medicine.

Table 3 Comparison of E-cad expression values and SD in TCM
2

P

Comparison groups

χ

P

88.434
264.674
0.001
6.021
303.01
46.373
88.107
48.806

< 0.01
< 0.01
> 0.05
> 0.05
< 0.01
< 0.01
< 0.01
< 0.01

2, 6
3, 4
3, 5
3, 6
4, 5
4, 6
5, 6

60.018
265.648
193.162
0.697
5.936
302.395
223.599

< 0.01
< 0.01
< 0.01
> 0.05
> 0.05
< 0.01
< 0.01

χ

Comparison groups
1, 2
1, 3
1, 4
1, 5
1, 6
2, 3
2, 4
2, 5

2

Table 4 ICAM-1 immunhistochemical expression values in different SD types
SD type

n

SPD
YISH
IOST
DOQB
DCSS
IBLS

17
16
16
17
17
17

ICAM-1
0
1
2
0
1
0

0
0
0
0
1
0

0
2
4
1
1
0

1
0
0
0
1
0

1
1
2
1
1
0

1
0
0
0
0
1

6
2
1
1
0
0

0
1
1
1
0
0

0
0
1
0
1
0

1
1
1
0
2
4

1
2
1
1
1
0

2
1
0
0
0
2

1
2
4
0
1
1

1
1
0

2
χ = 8.999, P = 0.109.

inseparable and are functionally coordinative and mutually
beneficial while affecting each other pathologically. At
the same time, TCM adheres to the basic principle of
treatment based on differentiation of symptoms and signs,
treats the same disease by different methods and different
diseases by the same method, and advocates individualized
treatment, which vividly reflects the essence of TCM
treatment.
Modern biologic research has entered an era of
integrating various research technologies and methods to
tackle difficult biological problems at biomolecular level
as a whole, which is exemplified by studies in the new
scientific fields of genomics and proteomics. According
to the central dogma of molecular biology and life, the
task of molecular biology is to study life phenomena
and nature of diseases, governing and controlling the
development and progression of phenotype (proteincell-organism) process. Life phenomena, diseases and
syndrome differentiation in TCM can obtain the most
essential answers from DNA or gene research.
Tumor metastasis may occur in all gastric carcinoma

differentiation types, including deficiency syndrome, blood
stagnation syndrome and phlegm syndrome, but it is of
greater significance to know which differentiation type has
a higher metastasis rate. Therefore, to study differences
in gene expression between different gastric carcinoma
differentiation types and the differentiation nature of
gastric carcinoma at gene level and judge the metastatic
tendency of different differentiation types are of great
significance. This is also the reason why we used E-cad
and ICAM-1 expression to study syndrome differentiation
of gastric carcinoma in TCM.
Cadherins, a group of calcium dependent transmembrane proteins, are members of the cell-cell
adhesion molecule family essential for close intercellular
connection [2], which mainly mediate adhesion reaction
of homologous cells. Cadherins are divided into several
subtypes, among which E-cad is a carcinoma inhibitory
gene most closely related to tumor invasion and metastasis.
Experiments showed that transfection of E-cad to tumor
cells could reverse their invasive behavior[3], and use of
anti-E-cad antibody could block cell-cell connection, thus
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enabling carcinoma cells to acquire high invasiveness.
Introduction of E-cad antisense RNA into tumor cell
strain highly expressing calcium adhesion protein may
significantly increase its metastatic ability, thus further
confirming that E-cad inhibits tumor metastasis [3]. E-cad
gene mutation due to loss of cell-cell adhesion during the
morula stage leads to fatal impairment to the embryo[4,5],
indicating that cadherins play an essential role in the
process of histolodifferentiation. Furthermore, E-cad
gene has been accepted as a cancer inhibitory gene [6,7].
When E-cad is down-regulated or dysfunctional, adhesion
between homogenous cells is lost. For normal tissues, this
means that they are unable to develop normally, and for
epithelial tumors, this means that they have the tendency to
grow invasively and are likely to exfoliate from the primary
focus and metastasize to local lymph nodes and distant
locations. Down-regulation or dysfunction of E-cad may
be an early event in the development and progression of
gastric carcinoma[8]. According to Berx et al[9], the type of
E-cad mutation in defuse gastric carcinoma is a shearinduced in-frame deletion. Recent studies show that downregulation of E-cad expression in malignant tumor tissue
is associated with the degree of differentiation[10-12]. Cai JC
et al[13] reported that the E-cad positive expression rate
was only 10% in gastric carcinoma group and 100% in
control group, indicating that E-cad is lost in gastric
carcinoma. It was reported that the E-cad positive rate
is 36.96% in gastric carcinoma, and there is a decreasing
tendency in malignant tumors. It was also reported
that E-cad expression was significantly lower in poorly
differentiated[13], especially in metastatic foci, where E-cad
expression is reduced or even disappeared [14,15]. In the
present study, the E-cad positive expression rate in 100
cases of gastric carcinoma was 90% and E-cad expression
was significantly different in different differentiation
syndrome types（P < 0.01）and E-cad expression was
relatively low in the IOST and IBLS types, suggesting
that tumor metastasis in them may be associated with
E-cad.
ICAM-1 CD54, a single-chain transmemebrane
glycoprotein encoded by No. 19 chromosome gene,
is a member of the adhesion molecule immunoglobin
superfamily (IgSF), which has 5 extracellular immunoglobulin-like sites and a short cytoplasmic trailer
structure, with a molecular weight varying with the cell
type from 76 000 KD to 114 000 KD. This difference
mainly depends on the degree of glycosylation of the
molecule. Intercellular adhesion and identification are
the necessary processes in immunological surveillance.
Antigen dependence and/or non-dependence between
target cells and lymphocytes are the initial step of tumor
immunological reaction. It was reported that ICAM-1 on
the surface of cancer cell or of presenting cell is a kind
of co-stimulation molecules[16], enabling T cell receptor
mediated cancer cells to combine with T lymphocytes
more steadily. ICAM expression on the surface of
cancer cells can enhance its susceptibility to lymphocytemediated cytotoxicity. Decreased ICAM expression often
leads to lymph node metastasis, suggesting that ICAM-1
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gene transfection can inhibit lymph node metastasis. To
investigate whether ICAM-1 gene could treat peritoneal
metastasis, Tanaka et al[17] transfected the ICAM-1 cDNA
to the gastric carcinoma cell strain OCUM-2MD3 (cancer
cells having a high peritoneal metastasis rate), and found
that ICAM-1 was significantly expressed on cell surface.
The survival of mice peritoneally transplanted with gene
transfected 2MD3/ICAM-1 was significantly higher than
that of animals transplanted with 2MD3 only, suggesting
that ICAM-1 gene transfection therapy can effectively
prevent peritoneal metastasis of gastric carcinoma. In
the present study, the ICAM-1 positive expression rate
was 58%, and there was no significant difference in
ICAM-1 expression between the syndrome differentiation
types (P > 0.05), demonstrating that the difference in
tumor recurrence and metastasis between syndrome
differentiation types is not due to ICAM-1 change.
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Abstract
AIM: To investigate the anti-fibrosis effect of the tissue
transglutaminase (tTG) specific inhibitor cystamine on
liver fibrosis.
METHODS: Sixty-eight male Sprague Dawley rats were
divided into three groups: normal control, liver fibrosis
control and cystamine-treated group. Liver fibrosis
was induced by intraperitoneal injection of carbon
tetrachloride (CCl4), and Cystamine was administrated
by intraperitoneal injection starting 2 d before the first
administration of CCl 4. Animals in each group were
further divided into 2 subgroups according to two
time points of 4 wk and 8 wk after treatment. Hepatic
function, pathological evaluation (semi-quantitative
scoring system, SSS) and liver hydroxyproline (Hyp)
content were examined. Real-time PCR was used to
detect the expression of tTG, smooth muscle alpha actin
(α-SMA), tissue inhibitor of metalloproteinase 1 (TIMP-1)
and collagen-1 mRNA. The expressions of tTG and
α-SMA protein were detected by Western Blotting.
RESULTS: Eight weeks after treatment, the SSS score
of liver was significantly less in the cystamine group than
that in the fibrosis control group (P < 0.01). The levels
of alanine aminotransferase (ALT) and total bile acid (TBA)
at the 4 wk and 8 wk time points were decreased in the
cystamine group compared with those in fibrosis controls
(P < 0.01). Liver hydroxyproline content at the 4 wk and
8 wk time points showed a substantial reduction in the
cystamine group compared to fibrosis controls (P < 0.01).
The expression of tTG, α-SMA, collagen-1, TIMP-1 mRNA
and tTG, as well as α-SMA protein was downregulated in
the cystamine group compared to fibrosis controls.
CONCLUSION: Cystamine can ameliorate CCl4 induced
liver fibrosis and protect hepatic function. The possible
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mechanism is related to the reduced synthesis of the
extracellular matrix (ECM) caused by the inhibition of
hepatic stellate cell activation and decreased expression
of TIMP-1.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Liver fibrosis is characterized by increased synthesis
and decreased degradation of the extracellular matrix
(ECM) [1] . Decreased ECM degradation results partly
from irreversible cross-linking of the ECM and partly
from increased expression of tissue inhibitor of
metalloproteinase (TIMP) by hepatic stellate cells (HSCs).
In the liver, both parenchymal and non-parenchymal cells
produce tissue transglutaminase (tTG), and it appears to be
released into the extracellular space. tTG is a member of
the large transglutaminase (TG) family, which are involved
in numerous biochemical processes. tTG not only displays
cross-linking activity, but also functions as a GTPase, and
it has been shown to be involved in a variety of fibrotic
diseases including scleroderma, experimental renal fibrosis
and human hepatic fibrosis[2,3]. Indeed, tTG expression
is upregulated when there is any injuring process. Studies
have demonstrated that liver cell death secondary to
ethanol administration occurs by apoptosis, not by liver
cell necrosis [4,5], and tTG may be a factor in apoptosis
induced by ethanol. Several reports suggest that tTGase
activity was increased associated with transforming growth
factor beta (TGF-β) and ECM production and α-SMApositive HSC number also increased after CCl4 intoxication
in rats[6,7]. These findings have raised the hypothesis that
tTG may contribute to the development of liver fibrosis
and inhibition of tTG may be effective in treatment of
liver fibrosis. In this study, we investigated whether tTG
plays a role in the progression of rat hepatic fibrogenesis
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induced by carbon tetrachloride (CCl4) via administration
of the tTG specific inhibitor cystamine.

MATERIALS AND METHODS
Animals and grouping
Sixty-eight Sprague Dawley rats weighing 300-350 g (Animal
Center, Chinese Academy of Sciences, Shanghai) were
studied. The animals were housed in an environmentally
controlled vivarium with timed light control (12 h lightdark cycle) and allowed free access to a standard pellet diet
and water. The animals were divided into three groups:
normal control (N), fibrosis control (F) and cystamine
treatment (C). Rats in each group were subdivided into
two groups according to two time points of 4 wk and 8 wk
as follows: N4 (n = 10), N8 (n = 10); F4 (n = 13), F8 (n = 8),
C4 (n = 14), C8 (n = 13).
Reagents and instruments
Cystamine (tTG specific inhibitor) was purchased from
Sigma Co, USA. Mouse monoclonal tTG antibody
was purchased from Stratek Scientific, UK (No:
CUB 7402), and labelled streptavidin-biotin (LSAB)
immunohistochemistry kits and mouse monoclonal
α-SMA antibody were from Dako Co, USA. The Beckman
Coulter LX 20 automatic biochemical analytic instrument
and real time PCR amplifier (ABI Prism 7700 Sequencer
Detector, Applied Biosystems, Co) were products from the
USA.
Model establishment and treatment
Normal control rats were injected intraperitoneally with
peanut oil (0.2 mL/100 g) twice a week. Liver fibrosis
control rats were induced by intraperitoneal injection
of 50% CCl 4 solution (CCl 4 :oil = 1:1) at a dose of
0.2 mL/100 g twice a week for 8 wk. One subgroup
of rats that had cystamine treatment for the first 4 wk
were given cystamine 2 d before the first injection of
CCl 4 at a dose of 112 mg/kg per day as in a previous
study[8]. The other subgroup of rats that had cystamine
treatment for the second 4 wk (8 wk subgroup) were
administrated cystamine after injection of CCl4 for 4 wk
at the same dose. Rats in each group were sacrificed
3 d after the final administration according to each time
point. Blood collected from the aorta was centrifuged and
then the serum was stored at -80℃ for hepatic function
examination. Liver was removed and fixed in 10% neutral
formalin for pathological examination and other assays.
Liver function
The levels of aspartate aminotransferase (ALT), total
bilirubin (TB), and total bile acid (TBA) were tested with
Beckman Coulter LX 20 (USA).
Liver hydroxyproline content
The hydroxyproline kit obtained from Nanjing Jiancheng
Biological Engineering Research Institute was used to
analyze liver hydroxyproline content (μg/g).
Liver histopathological examination
Tissues from each liver were fixed in 10% formalin and
embedded in paraffin, and then cut into 5 μ m pieces
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and mounted on slides. The samples were stained with
hematoxylin and eosin (HE) for histopathological
examination and a semi-quantitative scoring system (SSS)[9]
was adopted for evaluation of the degree of liver fibrosis.
Real-time PCR
Taqman real-time polymerase chain reaction (PCR) was
used to determine the relative expression of messenger
RNAs (mRNAs) for tTG, α-SMA, TIMP-1 and collagen-1
in total RNA extracted from snap-frozen liver by the acidphenol method. All primers were designed by using the
Primer Expression 2.0 software (PE Applied Biosystems).
Primers synthesized by Shanghai Shenggong Corp. were
as follows: (1) tTG, sense: 5'-gtatgatgcgtccttcgtgt-3',
antisense: 5'-cagtttgttcaggtggttgg-3'; (2) α-SMA: sense:5'TGGGAAATGCCACAGGTT-3', antisense: 5'-CTGC
GGTTCTGGGACTTG-3'; (3) TIMP-1: sense: 5'-atattc
tgtctggatcggc-3', antisense: 5'-gcttcgtcatactcctgttt-3'; (4)
collagen-1: sense: 5'-tctccaagaggcagggttc-3', antisense:
5'-ggttagcttcggctca tgc-3'; HPRT, sense: 5'-AAAGCCAA
GTACAAAGCCTAAA-3', antisense: 5'-CTGTCTGTC
TCACAAGGGAAGT-3'. The conditions of the reaction
were as follows: initial steps were 95℃ for 10 s, followed
by a denaturing step for 5 s at 95℃, and an annealing/
extension step at 60℃ for 30 s performed in 40 cycles. The
PCR products were analyzed directly by electrophoresis on
2.0% agarose gels. Relative concentrations were calculated
and nor malized according to the expression of the
housekeeping gene HPRT.
Western blots
Total protein was deter mined with a protein assay
(BioRad Inc, California, USA) and electrophoresed on a
4%-12% polyacrylamide gradient gel with 10% sodium
dodecyl sulfate (SDS), and subsequently transferred to a
nitrocellulose membrane. The membrane was blocked for
1 h in 1% to 5% nonfat dry milk in Tween Trisbuffered
saline (TTBS). Western blot analysis of liver tissue was
performed by using a monoclonal anti-α-SMA and antitTG. Each antibody was used at a concentration of 1:1000.
Membranes were incubated overnight with the primary
antibody or with nonimmune immunoglobulin G (as a
negative control) in TTBS, after which the secondary
horseradish-peroxidase-conjugated antibodies were
applied in TTBS containing 0.1% nonfat dry milk for
1 h. Reactive bands were identified by using enhanced
chemiluminescence (ECL; Amersham, Bucks, UK)
and autoradiography according to the manufacturer's
instructions.
Statistical analysis
All data are presented as mean ± SD. Statistical
comparison among groups was made by one-way analysis
of variance (ANOVA) using SPSS12.0 statistical software
(Lead Technologies, Inc, USA). A P value less than 0.05
was considered statistically significant.

RESULTS
Histopathological findings
Eight weeks after treatment, the liver appeared normal
in control rats. The score of SSS evaluation for hepatic
fibrosis in cystamine treatment group (4.20 ± 0.81) was
www.wjgnet.com
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Hyp content after treatment of cystamine
The levels of hydroxyproline (Hyp) in fibrosis controls at
4 wk (77.71 ± 12.47 μg/g) and 8 wk (130.58 ± 25.80 μg/g)
were higher than those in normal controls (4 wk, 53.88
± 10.56 μg/g; 8 wk, 54.67 ± 11.77 μg/g, P < 0.01). The
levels of Hyp in cystamine-treated rats at 4 wk (60.64 ± 8.94
μg/g) and 8 wk (69.87 ± 13.48 μg/g) were significantly
less than those in fibrosis controls (P < 0.01).

Figure 1 Histologic appearance of representative livers for cystamine treatment
and fibrosis control rats. A, B: Cystamine treatment ameliorated liver damage
(A × 100, B × 200); C, D: Fibrosis control livers from CCl4-treated rats showed
substantial damage including inflammation, fine fibrils and degeneration of
hepatocytes (C × 100, D × 200).

A

Volume 13

TB in fibrosis control rats were much greater than those
in normal control rats (P < 0.01); The levels of ALT and
TBA of cystamine-treated rats were significantly less than
those in fibrosis controls (P < 0.01); however, there was no
significant difference in the levels of TB in the two time
point compared with fibrosis controls (Figure 2).
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Effect of cystamine on the expression of tTG, α-SMA,
collagen-1 and TIMP-1
The expression of tTG, α-SMA, collagen-1 and TIMP-1
mRNA was upregulated in fibrosis control rats at each
time point compared to normal control rats; however,
after administration of cystamine, the expression of tTG,
α-SMA, collagen-1 and TIMP-1 mRNA was significantly
downregulated (P < 0.01, Figure 3).
Effect of cystamine on the expression of tTG and α-SMA
protein
The expression of tTG protein in the liver was decreased
after treatment of cystamine. The relative expression
difference in each group is shown in Figure 4 after image
analysis. The expression of α -SMA protein was also
decreased after administration of cystamine (Figure 5).
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Figure 2 Hepatic function changes of each group. A: the level of ALT after
Cystamine treatment; B: the level of TB after Cystamine treatment; C: the level of
TBA after Cystamine treatment. bP < 0.01 vs Control; dP < 0.01 vs Fibrosis.

significantly less than that in fibrosis control rats (6.46 ±
0.68) (P < 0.01, Figure 1).
Effects of cystamine on hepatic function
In 4 wk and 8 wk time point, the levels of ALT, TBA and
www.wjgnet.com

DISCUSSION
Transglutaminases (TGs) are a large family of enzymes
that catalyze a calcium-dependent acryl transfer reaction
between the γ -carboxamide group of a polypeptide
bound lysine residue to form an ε -( γ -glutamyl) lysine
isopeptide bond or to form a ( γ -glutamyl) polyamine
bond through catalyzing the incorporation of a polyamine
into a polypeptide-bound glutamine. Known as “natural
biological glues” [10] , TGs can result in covalent and
irreversible cross-links between or within proteins and
are thus involved in a variety of biochemical processes.
Tissue transglutaminase (tTG), one member of the TGs,
is widely expressed in endothelial, mesangial, and smooth
muscle cells and fibrotic tissue, and localized in the cytosol,
plasma membrane, and the nucleus of cells, as well as the
extracellular space. tTG is a multifunctional enzyme that
has been implicated in several physiological processes and
pathological conditions such as maintaining membrane
integrity, cell adhesion, cell death or differentiation, signal
transduction and tissue remodeling [11]. Recent studies
suggest that tTG may contribute to hepatic injury and
fibrosis[12,13].
S ch n a b e l a n d c o l l e a g u e s f o u n d a s i g n i f i c a n t
upregulation of total tTG at the mRNA and protein level
in activated HSCs and ECM during transdifferentiation
of quiescent HSCs to collagen producing myofibroblasts
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Figure 4 Different level of tTG protein in each group. tTG relative expression after
Cystamine treatment. bP < 0.01 vs Control; dP < 0.01 vs Fibrosis.
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Figure 3 Difference of mRNA expression in each group. A: relative expression of
tTG after Cystamine treatment; B: relative expression of a-SMA after Cystamine
treatment; C: relative expression of Collagen-1 after Cystamine treatment;
D: relative expression of TIMP-1 after Cystamine treatment. bP < 0.01 vs Control;
d
P < 0.01 vs Fibrosis.

(MFB) [14] . This finding indicates that tTG plays an
important role in the process of HSC activation, and
hence, in the mechanism of liver fibrogenesis since the
activated HSCs are not only the major source of ECM,
but also can continuously upregulate the expression of
TIMP-1, which blocks matrix metalloproteinase (MMP)
activity and promotes survival of activated HSCs from
apoptosis[15,16]. In addition, tTG mediated covalent binding
of latent TGF-binding protein 1 (LTBP-1) to the ECM is a
prerequisite for the activation of TGF-β, which is stored in
its inactive form in the ECM[6,17]. The transdifferentiation
of HSCs to ECM-producing MFB is a crucial event in
hepatic fibrogenesis, which is stimulated by TGF-β[7].
It is well established that tTG exerts important effects
on the progression of liver fibrogenesis through its ECM
cross-linking activity. Issa and colleagues [18] confirmed
that livers harvested from rats treated for 6 wk with CCl4
(representing reversible fibrosis) showed the histologic
appearance of early macronodular cirrhosis uniformly
negative for cross-linking. Over a 15 to 28 d recovery
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Figure 5 Different level of α-SMA protein in each group. a-SMA relative
expression after Cystamine treatment. bP < 0.01 vs Control; dP < 0.01 vs Fibrosis.

period, the livers showed a dramatic remodeling of the
fibrotic matrix with a return to near-normal histology.
However, livers from rats treated with CCl 4 for 12 wk
showed a persistent fibrosis with clear evidence of crosslinking even during 366 d of recovery. The data above
suggest that tTG mediated matrix cross-linking may be a
major factor determining the speed and extent of matrix
degradation in hepatic fibrosis.
However, there is still controversy about the role of
tTG in chronic liver injury and fibrosis. Nardacci and
colleagues[19] suggest that tTG is a protective factor against
liver fibrosis, they observed that there are greater mortality
and more severe hepatic fibrosis after injection of CCl4 in
tTG knock-out mice than in wild-type mice. Thus, more
studies are needed to elucidate the importance of tTG
during hepatic fibrosis.
In the present study, we have established a liver injury
and fibrosis rat model induced by intraperitoneal injection
www.wjgnet.com
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of CCl4. Two cohorts of rats according to two different
stages were administrated the tTG specific inhibitor
cystamine for the purpose of observing the role of tTG
in the development of liver fibrogenesis. The first stage
was when rats were injected with CCl4 for a total of 4 wk,
and cystamine treatment was started one day before the
first injection of CCl4. This was carried out in order to
investigate the effects of cystamine on the activation of
HSCs and hepatic function during the early period of
liver injury. The second stage was when rats were given
cystamine intraperitoneously after 4 wk of CCl4 treatment
for 4 wk to observe the effects of cystamine on activated
HSCs and the progression of hepatic fibrosis. Our results
showed that cystamine significantly downregulated the
expression of tTG mRNA and protein, inhibited the
activation of HSCs associated with a diminution of
α -SMA, collagen-1 and TIMP-1 mRNA expression,
as well as α-SMA protein, and there was a decrease in
hydroxyproline content and dramatic improvement of liver
pathologic evaluation. Furthermore, after administration
of cystamine, the hepatic function of cystamine-treated
rats was robustly improved. The results of this study
strongly suggest that cystamine was beneficial in treatment
of liver injury and fibrosis. The possible mechanism might
be related to the inhibition of HSC activation, decreased
expression of TIMP-1, reduced synthesis of ECM, and
protection of hepatic cells against injury.
In this study, we analyzed the changes in histology, the
expression of tTG mRNA and protein, the activation of
HSCs and the hydroxyproline content, as well as hepatic
function after administration of cystamine in CCl4 induced
fibrosis. In the current study, we did not undertake
experiments for detection of in situ HSC apoptosis and
ECM cross-linking, and therefore, to some extent this
affects the interpretation of our observations. However,
based on our results we confirmed that cystamine might
ameliorate CCl4 induced liver fibrosis via inhibition of tTG.
We are currently carrying out experiments to investigate
the molecular mechanism of HSC apoptosis and ECM
cross-linking in advanced fibrosis (12 wk of CCl 4
treatment) through tTG RNA interfere to further study
the role of tTG in the progression of hepatic fibrosis.
In summary, tTG plays an important role in the
development of hepatic fibrosis. Cystamine, a specific
inhibitor of tTG, can attenuate CCl4-induced liver fibrosis
and protect hepatic function via inhibiting activation of
HSCs and downregulating expression of TIMP-1 which
result in the reduction of the synthesis of ECM. Better
understanding of the role of tTG in pathogenesis of
liver fibrosis could facilitate the development of new
therapeutic strategies.
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Abstract
AIM: To identify rates of occurrence, common clinical
and endoscopic features, and to review the outcome of
endoscopic management of Dieulafoy’s lesions in the
upper gastrointestinal (GI) tract in an urban community
hospital setting.
METHODS: Endoscopic data from esophagogastroduo
denoscopies (EGDs), done at Wyckoff Heights Medical
Center, Brooklyn, NY between 2000 and 2006 were
reviewed to identify patients with Dieulafoy’s lesions.
Demographic data, medical history, examination findings,
lab data, endoscopic findings and details of therapy for
patients treated for Dieulafoy’s lesions were reviewed
retrospectively.
RESULTS: Dieulafoy’s lesions were documented to be
the cause of bleeding in approximately 1% of patients
presenting with upper gastrointestinal bleeding,
while they were detected in only 2 patients when the
indications for EGDs were different from active GI
bleeding. When we analyzed EGDs performed in patients
above age 65 years presenting with gastrointestinal
bleeding, prevalence of Dieulafoy’s lesions approached
10 percent. The most common location of the lesion
was the body of stomach (7), followed by the cardia
(4) and the esophagus (2). One patient had this lesion
in the fundus and one patient in the duodenal apex.
All patients were initially treated endoscopically with
epinephrine injection, in eight cases heater probe was
applied following epinephrine and endoscopic clips were
applied in two cases. All but one of the patients did well
in near and intermediate term follow-up (average followup period of 18 mo). One patient died of multi-organ
failure during the same hospital stay. Average length
hospital stay was 7 d.

CONCLUSION: Community hospital gastroenterologists
and endoscopists should be aware that Dieulafoy's
lesions are an uncommon cause of upper GI bleeding
among elderly patients. Early accurate diagnosis through
emergent endoscopy and endoscopic therapy, especially
in patients with multiple co-morbid conditions, can be
very effective and life saving.
© 2007 WJG . All rights reserved.
Key words: Dieulafoy’s lesion; Gastrointestinal bleeding;
Community Hospital; Endoscopic treatment; Obscure GI
bleeding
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INTRODUCTION
Dieulafoy’s lesion consists of a small submucosal artery
that protrudes through a tiny mucosal defect anywhere in
gastrointestinal tract and is reported to be an uncommon,
but important cause of major gastrointestinal bleeding
especially in the elderly. Dieulafoy’s lesion was first
described by Gallard in 1884 and later named for the
French surgeon Dieulafoy. The majority of Dieulafoy’s
lesions occur in the proximal stomach, but they have
also been reported in the esophagus, small and large
bowel[1-3]. Typically, diagnosis is made by endoscopy where
therapeutic endoscopy is the treatment of choice[4-7].
This study describes the clinical presentation and
endoscopic management of 15 consecutive cases of
Dieulafoy’s lesion in Wyckoff Heights Medical Center in
Brooklyn NY, an urban community hospital, between years
2000 and 2006. This study shows that Dieulafoy’s lesion is
a frequent finding among elderly patients presenting with
massive upper gastrointestinal bleeding in a community
hospital setting and outcomes of management are similar
to published results from tertiary care centers.

MATERIALS AND METHODS
Endoscopic data from emergent esophagogastroduod
enoscopies (EGDs) done at Wyckoff Heights Medical
www.wjgnet.com
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Table 1 Analysis of EGDs findings performed at Wyckoff
Heights Medical Center between June 2000 and September
2006
Findings
AVM
Esophagitis
Gastritis
MW tear
Tumor
Ulcer
Varices
Dieulafoy’s
Lesion

Hematochezia All Indications
Hematemesis Melena
(14 000)
and or Melena (Total 460) (Total 330)
(Total 834)
3
10
2
N/A
206
122
63
N/A
589
360
281
N/A
18
22
2
N/A
9
4
0
N/A
245
198
71
N/A
128
45
15
N/A
11

1

1

RESULTS
Results of analysis of EGDs perfor med for acute
gastrointestinal bleeding in Wyckoff Heights Medical
Center between June 2000 and September 2006 are shown
in Table 1. Dieulafoy’s lesion was documented to be
the cause of bleeding in approximately 1% of patients
presenting with upper gastrointestinal bleeding, while it
was detected in only 2 patients when the indication was
other than active GI bleeding. When we analyzed EGDs
performed in patients above age 65 years presenting with
gastrointestinal bleeding, prevalence of Dieulafoy’s lesions
approached 10 percent (12/123). Mean age of the patients
was 79 (SD 8.4), the youngest patient was 61 years old,
while the oldest was 92. Six of the 15 patients were female.
Thirteen of the 15 patients presented with overt acute
gastrointestinal bleeding with hypotension and tachycardia
requiring blood transfusion. Mean transfusion requirement
was three units of packed red cells. Nine patients
presented with hematemesis, one had melena, two had
melena and hematemesis, and one had hematochezia alone.
Two had anemia with occult gastrointestinal bleeding
with no history of overt bleeding. Average hemoglobin
at presentation was 9.5 gm (SD 1.5). Summary of patient
characteristics and endoscopic findings are shown in
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Table 2 Summary of 15 cases with Dieulafoy’s Lesion treated
at Wyckoff Heights Medical Center between June 2000 and
September 2006
Patient Age (yr)

Hgb at
Presentation
(gm/dL)
7.6

Location of
Dieulafoy’s
Lesion
Esophagus

1

76

2

81

7.9

3

87

11.2

4

90

5

92

10

6

78

11.2

7

68

7

Body of Stomach

8

73

10.3

Body of Stomach

9

79

11.3

Body of Stomach

10

71

9.9

Body of Stomach

11

61

11.2

Body of Stomach

12

84

8.8

Body of Stomach

13
14
15

80
82
86

7.8
8.7
9

Duodenum
Fundus
Fundus

9.8

15

Center, Brooklyn, NY between 2000 and 2006 for GI
bleeding were reviewed. All the cases were performed by
3 board certified gastroenterologists with more than 10
years of experience. EGD report database was searched
for endoscopic findings of Dieulafoy’s lesion during
this period. The study was reviewed and approved by
our Institutional review board. Endoscopic diagnosis
of Dieulafoy’s lesion is based on following published
criteria[8], (a) active arterial spurting, oozing of blood from
minute mucosal defect (less than 3 mm), (b) visualization
of protruding vessel with or without active bleeding within
a minute mucosal defect or normal appearing mucosa or, (c)
densely adherent clot with a narrow point of attachment
to a minute mucosal defect or normal appearing mucosa.
Demographic data, medical history, examination findings,
lab data, endoscopic findings and details of therapy of
patients with Dieulafoy’s lesions obtained from their
medical charts were reviewed retrospectively.

www.wjgnet.com
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Esophagus
Cardia of
Stomach
Body of Stomach
Cardia of
Stomach
Fundus of
Stomach

Endoscopic
Treatment
Epinephrine
Epi + Heater
Probe
Epinephrine
Epinephrine
Epinephrine
Epi + Heater
Probe
Epi + Heater
Probe
Epi + Heater
Probe
Epi + Heater
Probe
Heater Probe
Epi + Heater
Probe
Epi + Heater
Probe
Epinephrine
Epi + Endoclip
Epi + Endoclip

Table 2. The most common location of the lesion was
the body of stomach (7), followed by cardia (4) and
esophagus (2). One patient had this lesion in the fundus
and one patient in the duodenal apex. All the cases were
identified on index endoscopy. All of the patients were
initially treated endoscopically with epinephrine injection
(1:10000 dilution) and in 8 cases heater probe was applied
following epinephrine. In two patients endoclips were
used. Five patients underwent repeat procedures during
the same hospital admission, two of them for rebleeding
and the others to confirm the initial findings. Both of
the rebleeding patients had heater probe applied during
the first endoscopy and probe application was repeated
during the subsequent endoscopy to successfully control
bleeding. The most often reported additional findings were
hiatal hernia (4) and antral erythema (8). All the patients
had comorbidities, most common being hypertentsion
followed by coronary artery disease and type 2 diabetes. All
but one of the patients did well in near and intermediate
term follow-up (average follow-up period of 18 mo).
Follow up data was also obtained from chart-review. One
patient died of multiorgan failure during the same hospital
stay. Average length hospital stay was 7 d.

DISCUSSION
The pathogenesis of Dieulafoy’s lesion is not clearly
understood, but elongation and tortuosity of a submucosal
artery associated with aging may be a factor. Histological
description of a Dieulafoy’s lesion shows an artery of
1-3 mm in diameter which is ten times the diameter of a
normal submucosal capillary[9].

Nagri S� et al . Dieulafoy’s lesions in a community hospital setting

Dieulafoy’s lesion is an important, but uncommon
cause of massive GI bleeding especially from the upper
GI tract. These lesions can easily be missed on endoscopy
unless the lesion is actively bleeding because these vessels
are normally retracted. Studies have described Dieulafoy’s
lesion as the cause of upper GI bleeding in 1%-5.8% of
cases. In our series, 0.1% of EGDs showed this lesion
when all the indications for EGD were included (15 of
14 000) as opposed to about 1% in patients presenting with
upper GI bleeding (13 of approximately 1200). Patients
affected are typically elderly with significant comorbid
conditions. Gender variation was noted (slight male to
female predominance).
There have been several endoscopic modalities used
successfully to treat Dieulafoy’s lesions. Thermal and/or
mechanical methods, hemoclipping and heater probe
had better results in retrospective as well as prospective
trials[10-12]. Endoscopic hemoclip application, endoscopic
band ligation, heater probe application, Nd:YAG, with
or without injection therapy have all been shown to be
effective in various studies. Initial hemoclip therapy was
mostly successful (94.1%-95.2%) with a low recurrence
rate[13-15]. Endoscopic heater probe and endoscopic band
ligation had similar results[16]. Endoscopic sclerotherapy
also had good results in one study[17]. If endoscopic therapy
fails, management with other options like angiography
with embolization or surgery is indicated. Wedge resection
is the surgical procedure of choice. Recurrences can occur,
though very rare[13-16]. Long-term results were excellent
for endoscopic methods of therapy[16-19]. Mortality was
generally low with prompt diagnosis and treatment but one
study reported higher mortality due to comorbidities and
higher age[20].
Clinical features and management outcome of our
series of patients with Dieulafoy’s lesion from an urban
community hospital were similar to results reported in the
literature. One percent of patients presenting with upper
GI bleeding were diagnosed with this condition. The
patients were elderly with multiple comorbid conditions.
The diagnosis of this lesion was increased sharply if the
indication was active upper GI bleeding in elderly patients.
Standard therapy with epinephrine and heater probe
coagulation of the lesion was very effective and resulted in
a good patient outcome. Although injection therapy alone
with epinephrine was used in five patients with successful
outcome, it is considered suboptimal treatment based
on current literature and is not recommended. Based
upon our experience endoclip application is the optimal
treatment modality for these lesions. Initial injection with
epinephrine did not interfere with the application of
endoclips.
Based upon these results we conclude that community
hospital gastroenterologists and endoscopists should be
aware that Dieulafoy's lesions are an uncommon, but
important finding among elderly patients with upper
GI bleeding. Early accurate diagnosis through emergent
endoscopy and therapy, especially in patients with multiple
comorbid conditions, can be very effective and life saving.
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INTRODUCTION
Abstract
AIM: To evaluate ursodeoxycholic acid (UDCA) therapy
on the in vitro contraction of gallbladder smooth muscle
strips from cholesterol gallstone patients.
METHODS: The contraction forces of gallbladder
smooth muscle strips from 28 patients with cholesterol
gallstones treated with UDCA were compared with
contraction forces from 14 untreated patients. The
strips were stimulated with increasing concentrations of
cholecystokinin-8 (CCK-8).
RESULTS: Al though the contraction forces that
developed in response to CCK-8 were higher in strips
from specimens of UDCA treated patients compared
to untreated patients, longer treatment periods (6-wk)
caused more contraction responses than the short
treatment period of 3-wk (F = 19.297, 1.85 ± 0.22 g vs
1.70 ± 0.10 g, P < 0.01). Contraction forces developed
with maximal stimulation with KCl in the 6-wk treatment
group were also higher than contraction forces in the
untreated group (F = 4.274, 3.77 ± 0.45 g vs 3.30 ± 0.30
g, P < 0.05).
CONCLUSION: Six-week UDCA treatment caused an
increase in contractions of muscle strips from patients
with cholesterol gallstones when compared to shorter
treatment administration or controls. We suggest that
extending UDCA treatment periods may cause more
effective contractions in the gallbladder, and thereby
increase the rate of response to treatment.
© 2007 WJG . All rights reserved.
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Surgery is the standard treatment for symptomatic patients
with gallstone disease. However, since surgical procedures
have the risk of morbidity and mortality, noninvasive
treatments are still under investigation, especially for use
in high-risk patients. Ursodeoxycholic acid (3 alpha, 7
beta-dihydroxy-5 beta-cholanoic acid-UDCA) is a safe
and efficacious drug that has been widely used for oral
gallstone dissolution therapy[1].
At least three pathologies must occur together for the
formation of cholesterol gallstones; (1) high cholesterol
saturation in the gallbladder, (2) decreased motility of the
gallbladder, and (3) acceleration of nidus formation.
There are controversial results concerning the effects
of UDCA on gallbladder contraction. While some authors
have reported impaired gallbladder emptying in patients
treated with UDCA[2,3] this was not confirmed by others[4].
However, these studies have used indirect methods, such
as ultrasonography and Tc-HIDA scans for measuring
gallbladder emptying. We, therefore, searched for a clinical
in vitro model to determine whether UDCA treatment
increases gallbladder contractions in muscle strips from
patients with cholesterol gallstones. Although a similar
effect was previously reported[5], our main purpose was to
establish a time-response rate relationship.

MATERIALS AND METHODS
Forty-two patients with cholesterol gallstones who were
selected for elective cholecystectomy were enrolled in
the study. The inclusion criteria were: (1) presence of
gallstones and/or sludge by gallbladder ultrasonography,
patent cystic bile duct, absence of choledocholithiasis,
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and < 4 mm gallbladder wall thickness, (2) absence of
calcification on the plain film of the abdomen, and (3)
visualization of the gallbladder by oral cholecystography.
The patients were randomized into three groups at the
time of enrollment. All three groups had similar age (66.4
± 4.3, 67.4 ± 3.9, and 67.5 ± 4.1) and gender (male/female
ratio: 6/8, 5/9, and 5/9, respectively) distributions. All
patients and controls gave informed consent to participate
in the study and the Ethics Committee of Gulhane School
of Medicine approved the protocol.
GroupⅠ(n = 14) was treated with UDCA (10 mg/
kg/day) with a single dose at bedtime starting three weeks
before surgery. Group Ⅱ (n = 14) received the same
treatment but for six weeks prior to surgery. The patients
in Group Ⅲ (n = 14) who served as controls received
no treatment and underwent surgery after enrollment
(Group Ⅲ). In the treatment groups, the last dose of
UDCA was given on the day before surgery. No patient
had clinical or laboratory signs of acute colecystitis when
they underwent surgery. Ultrasonographic examination
just before the surgery indicated no difference from the
initial ultrasonography in terms of size and number of
gallstones, sludge, gallbladder wall thickness, and absence
of choledocholithiasis.
After cholecystectomy, for in vitro analysis, all gallbladder
tissues were subjected to a series of manipulations as
described by Behar et al [6] with modifications. A 10
mm × 20 mm specimen parallel to the long axis of the
gallbladder was put into cold Krebs solution (NaCl:
118.4 mmol/L, KCl: 4.7 mmol/L, CaCl2: 1.9 mmol/L,
NaHCO 3: 25 mmol/L, MgSO 4: 1.2 mmol/L, Glucose:
11.7 mmol/L). The specimens were washed with Krebs
solution again and 3 mm × 10 mm strips were prepared.
The serous membrane on the outer surfaces of the strips
was cleaned and the gallbladder strips were hung with a 6.0
silk suture into a 10 mm tissue bath (pH: 7.4 and 37℃).
The other ends of the strips were tied to an isometric
force transducer (Force Transducer, Type 45196 A Nec
San-ei Instruments Ltd, Japan). The force transducer was
connected to a polygraph writer (360 Polygraph Model 2 G.
66 Nec San-ei Instruments Ltd, Japan).
The tissue bath was perfused with 95% oxygen and
5% carbon dioxide throughout the study. An equilibrium
period of two hours was used prior to the start of the
experiment. During this period the Krebs solution in the
tissue bath was changed regularly every 15 min. After a
2 h equilibrium period, tension in the strip was changed
into a basal situation. At this time periodic contractions
of 1-2 min occurred. Later, by studying one agonist in
each of the gallbladder strips, contraction responses to
cholecystokinin octapeptide (CCK-8; 10-10, 10-9, 10-8, 10-7,
10-6 concentrations) and KCl (0.25 mol/L) were recorded.
The differences between basal and CCK-8 induced
tensions of the strips were calculated ( ∆ tension) and
the mean ± SD were obtained. Later, the ∆ tensions as a
percentage of the maximum tension created by KCl were
calculated.
Results were expressed as mean ± SD. Oneway
ANOVA and Tukey HSD tests were used for statistical
analysis. A P value of less than 5% was accepted as
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Table 1 Response of gallbladder strips against KCl and
increasing CCK-8 concentrations (mean ± SD)
Agent
CCK-8
10-10 M
10-9 M
10-8 M
10-7 M
10-6 M
KCl (0.25 mol/L)
Basal

GroupⅠ
(n = 14)

Group Ⅱ
(n = 14)

Group Ⅲ
(n = 14)

0.21 ± 0.02 g
0.32 ± 0.02 g
0.42 ± 0.04 g
1.20 ± 0.04 g
1.70 ± 0.010 g
3.50 ± 0.50 g
0.13 ± 0.03 g

0.25 ± 0.02 g
0.37 ± 0.04 g
0.48 ± 0.05 g
1.35 ± 0.10 g
1.85 ± 0.22 g
3.77 ± 0.45 g
0.14 ± 0.02 g

0.20 ± 0.01 g
0.26 ± 0.02 g
0.36 ± 0.04 g
1.04 ± 0.06 g
1.50 ± 0.10 g
3.30 ± 0.30 g
0.12 ± 0.05 g

P
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.03
> 0.05

G: gram; KCl: potassium chloride; CCK: cholecystokinine.

significant. All statistical measurements were made by
using SPSS PC ver. 11.05 (SPSS Inc. USA).

RESULTS
Strips prepared from gallbladder tissue showed two
contraction patterns in the equilibrium period: (1)
contractions as fibrillation, which caused no significant
increase in tension, and (2) rhythmic contractions,
which had a frequency of 1/min and caused 0.10-0.17 g
∆ tension. Basal active tensions were 0.13 ± 0.03 g in
GroupⅠ, 0.14 ± 0.02 g in Group Ⅱ, and 0.12 ± 0.05
g in Group Ⅲ (P > 0.05); no difference was observed
between treatment and control groups regarding basal
active tensions. Responses of the treatment and the
control groups as ∆ tension to increasing concentration
of CCK-8 and KCl are shown in Table 1. Contraction
responses of gallbladder strips were higher with increasing
concentrations of CCK-8. UDCA treatment before the
colecystectomy improved in vitro contraction responses
of gallbladder strips to CCK-8. Contraction responses
to different CCK-8 concentrations were significantly
higher in the 6-wk treatment group when compared
to the 3-wk treatment or the control group. Moreover,
except for CCK-8-10, contraction responses to different
CCK-8 concentrations in the 3-wk treatment group were
significantly higher than the controls.
Potassium provokes extracellular calcium entrance
through the voltage dependent calcium channels and
causes smooth muscle contraction[5]. In this study, KCl was
used to induce maximum strip contraction. Contraction
responses to maximal stimulation with KCl in the 6-wk
treatment group were also higher than the 3-wk group, but
the difference was not statistically significant. In the 3-wk
treatment group, contraction responses were also higher,
but not statistically significant than the controls. The only
significant difference in maximal stimulation with KCl was
obtained for the 6-wk treatment group when compared
with the untreated controls (3.77 ± 0.45 g vs 3.30 ± 0.30 g,
P < 0.05).

DISCUSSION
The results of the present study indicate that UDCA
treatment increases gallbladder contractions in response to
www.wjgnet.com
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CCK-8, and this effect is more pronounced as the duration
of treatment increases. Moreover, UDCA results in a
net increase in the maximal contraction capacity of the
gallbladder strips.
The results confirm previous findings on gallbladder
muscle strips from patients with cholesterol gallstone
disease, which is a 3-wk UDCA treatment prior to the
operation increases contractility [5] . Moreover, in the
present investigation, we used KCl for maximal stress, and
maximal contraction response in muscle strips from the
6-wk treatment group was significantly higher than the
control group. On the other hand, in a previous report,
this effect was not observed in the 3-wk treatment group[5].
These results suggest that long term treatment with UDCA
may be more beneficial in terms of improving gallbladder
contractile functions.
Though some clinical studies investigating the effect
of UDCA on gallbladder contraction failed to show a
significant improvement in gallbladder contractions, this
may be associated with the methods used to measure
contraction responses of the g allbladder, such as
scintigraphy or ultrasonography[2,3,7]. For instance, in one
of these investigations, gallbladder emptying was found
to be improved in patients with successful litholysis,
whereas no improvement was observed in patients with
unsuccessful litholysis, which might be explained by
gallbladder dysfunction at baseline[2]. Accordingly, some
authors reported significant improvements in gallbladder
emptying function after UDCA treatment with similar
methods[4,8], which is supported by the in vitro data of the
present work. In addition, van Der Werf et al[9] found a
negative correlation between the cholesterol saturation
index (CSI) and gallbladder emptying function suggesting
that a decrease in gallbladder contractility may not be
possible after UDCA treatment, which decreases CSI.
It was previously reported that CCK-8 induced muscle
strip contractions in patients with cholesterol gallstones
is less than that in patients with pigment gallstones[6]. It
was also observed that spontaneous cyclic contractions
were less than in muscle strips of patients with pigment
gallstones, which may be caused by the myotoxic effect
of cholesterol in the gallbladder. This may be explained,
at least in part, by the mechanism of action of UDCA
on muscle strips in our study in that UDCA alters the
composition of the bile, which results in improvement of
the contraction response. Also, excess cholesterol has been
suggested to reduce membrane fluidity and deteriorate
subsequent cellular functions in smooth muscle cells in the
gallbladder wall[10].
In a recent study by Xiao et al[11], UDCA treatment in
guinea pigs with acute cholecystitis prevented gallbladder
muscle dysfunction and improved oxidative stress markers
when compared with chenodeoxycholic acid treated
guinea pigs. These results indicate that UDCA treatment
may improve contraction even in a gallbladder with
inflammation but without stone.
In conclusion, in the present investigation, UDCA
caused an increase in contraction in gallbladder smooth
muscle strips from patients with cholesterol gallstones
when compared to untreated controls, not only with
a 3-wk but also with a 6-wk treatment period prior to
www.wjgnet.com
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colecystectomy. Extension of the UDCA treatment
period appears to cause more effective contractions in the
gallbladder, and thereby may increase the rate of response
to treatment.

COMMENTS
Background

There are discrepancies between the results of the studies searching the effects
of ursodeoxycholic acid on gallbladder contractions. Frequently, indirect methods
have been used to measure contractile responses to date. Pretreatment with
ursodeoxycholic acid for 3 wk was shown to improve contractility of the muscle
strips prepared after cholecystectomy in humans. The present study address the
effect of ursodeoxycholic acid in a more extended period as well as the maximal
contractility capacity in response to a different inducer.

Research frontiers

Ursodeoxycholic acid is a naturally occurring hydrophilic bile acid. It has been
used for gallstone dissolution clinically with favorable or unfavorable effects.
Though it is known to change the composition of the bile, gallbladder emptying has
been reported to be impaired in patients treated with ursodeoxycholic acid.

Innovations and breakthroughs

Strips from gallbladders extracted from the patients treated with ursodeoxycholic
acid for 3- or 6-wk prior to cholecystectomy displayed marked improvements
in contractile responses. More beneficial results as well as increased maximal
contractility capacity were obtained in the 6-wk treatment groups. Ursodeoxycholic
acid may be an agent having no adverse action on gallbladder emptying.

Applications

Response to ursodeoxycholic acid treatment may be delayed in the clinical setting,
and treatment should be kept on as long as possible especially for the patients
who are not eligible for surgery.

Terminology

Ursodeoxycholic acid: a hydrophilic bile acid which is the drug of choice for the
treatment of primary biliary cirrhosis. It has also been used for other cholestatic
disorders, hepatostetosis as well as gallstone dissolution in selected cases.Muscle
strip: gallbladder tissue sample prepared for in vitro test.Cholecystochinine-8: an
enzyme causing contraction of the smooth muscle cells in the gallbladder wall.
Potassium chloride (KCl): used to measure maximal contractility capacity in the
muscle strips.
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The study is interesting and aims to answer a relevant issue in the pathogenesis
and treatment of impaired gall bladder contractions in gallstone disease.
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Abstract
AIM: To investigate the effect of vitamin E on oxidative
stress status in the small intestine of diabetic rats.
METHODS: Twenty-four male Wistar rats were randomly
divided into three groups: Control (C), non-treated
diabetic (NTD) and vitamin E-treated diabetic (V ETD)
groups. The increases in lipid peroxidation, protein
oxidation and superoxide dismutase (SOD) in these three
groups was compared after 6 wk.
RESULTS: There was no significant difference in
catalase activity between NTD and control rats.
Compared to NTD rats, the treatment with vitamin E
significantly decreased lipid peroxidation and protein
oxidation, and also increased catalase activity and SOD.
CONCLUSION: The results revealed the occurrence
of oxidative stress in the small intestine of diabetic
rats. Vitamin E, as an antioxidant, attenuates lipid
peroxidation and protein oxidation, and increases
antioxidant defense mechanism.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Gastrointestinal (GI) disorders are common among human beings[1,2]. The entire GI tract from the esophagus to
www.wjgnet.com

the anorectal region can be affected by diabetes mellitus[3].
Common complaints include hyperplasia and hypertrophy of the epithelial cells[4], elevated levels of digestive
enzymes [5], increased absorption of sugars and amino
acids[6], enhanced endogenous synthesis of cholesterol and
triglycerides[6,7] and decreased fluidity of the brush border
membrane[8]. The intestinal mucosa is also vulnerable to
oxidative stress and reactive oxygen species (ROS) generated by several conditions, such as ischemia/reperfusion,
inflammatory bowel disease[9], surgical stress[10] and diabetes[11]. Recently, several studies have examined the role of
oxidative stress on developmental diabetic-mediated disorders, possibly via the formation of free radicals[11-13]. Free
radicals or ROS generated during oxidative metabolism can
inflict damage on all classes of cellular macromolecular
components (e.g., mitochondria, endoplasmic reticulum,
protein, etc.), eventually leading to cell death[14]. The driving
force behind the destructive nature of ROS is the unpaired
electron residing within their structures, making them unstable and highly reactive. It is well known that metabolic
changes brought about by diabetes increase production
of ROS (e.g., nitrosonium cation [OH˚], lipid peroxides
[ROO˚] and hydrogen peroxides [H2O2]) as well as reactive
nitrogen species (e.g., nitrosonium cation [NO+], nitroxyl
anion [NO-] and peroxinitrite [ONOO-])[15,16]. These free
radicals and non-radical species react with several amino
acid residues altering their structures and, by extension,
the tertiary structures of the parent protein. These free
radicals also degrade the phospholipids of cellular membranes through the process of lipid peroxidation. One
promising aspect of understanding the role of oxidative
stress in diabetes-mediated disorders is the ability of antioxidant supplementation to attenuate diabetes’s adverse
effects. Antioxidants, such as ascorbic acid, α-tocopherol
(vitamin E), endogenous glutathione peroxidase and the
pineal hormone melatonin, have all been tested for efficacy
in defending against free-radical-mediated tissue injuries.
Melatonin, for example, has been shown to be an effective
scavenger of the hydroxyl radical, as well as other radicals
such as superoxide, nitric oxide and peroxynitrite, that protects against lipid peroxidation in the brain[17-19]. Vitamin
E comprises eight naturally occurring fat-soluble vitamins
of which the most predominant, essential and with the
highest biological activity is α-tocopherol[20]. Vitamin E is
a major antioxidant in biological systems acting as a powerful chain-breaking agent through the scavenging of peroxyl radicals[21]. Vitamin E terminates the chain reaction of
lipid peroxidation in membranes and lipoproteins. Thus, a
number of studies have been carried out to determine the

Shirpoor A� et al . Preventive effects of vit E on oxidative stress

protective effects of vitamin E in different biological models of injury[22]. Currently, there is considerable interest in
the roles of vitamin E in the protection of membranes
lipids against oxidative stress[23]. The present study was,
therefore, undertaken to determine whether the small
intestine is subjected to oxidative damage during diabetes as well as to examine the accompanying changes in
antioxidant status, lipid peroxidation and protein oxidation in order to understand its role in the pathogenesis
of the disease. Also, in this study, a possible protective
effect of vitamin E against diabetes-induced alterations
of enzymatic and oxidative components of antioxidant
defense systems in mucosal layer of rat small intestine
was investigated.

MATERIALS AND METHODS
All procedures on rats were followed according to “Principles of Laboratory Animal Care” (NIH publication no.
85-23, revised 1985), as well as specific rules of “Animal
Care and Use Committee”, National Medical and Health
Service. Sixteen male Wistar rats, weighing 220-240 g, were
made diabetic by intraperitoneal injection of streptozotocin
(STZ, 60 mg/kg body weight in 0.05 mol/L citrate buffer,
pH 4.5). Age- and weight-matched normal control group
was injected intraperitoneally with an equivalent amount
of buffer. Glucose was determined by glucose oxidase
using Biosystem kit (Barcelon, Spain) on blood samples
obtained from tail veins 48 h after injection of STZ. Rats
with blood glucose higher than 3 g/L were included into
the study as diabetic. Three groups (n = 8) of rats were
studied for 6 wk after the entry: (1) Control (non-diabetic);
(2) untreated diabetic; and (3) vitamin E-treated diabetic
(VETD) groups. Rats in VETD group received 300 mg vitamin E (Merck-Germany) in tap water beside regular diet
daily. Food was supplied ad libitum in all groups throughout
the experiment. After 6 wk, all rats were anesthetized by
10% chloral hydrate (5 mL/kg body weight). The body
weight was measured at the end of the experiment. Blood
samples were directly obtained from the heart of the rats
by syringe. Then the abdominal cavity was opened and the
whole small intestine was harvested. The small intestine
was segmented and each segment was flushed with chilled
115 g/L KCL solution and the mucosa was scraped. A 100
g/L homogenate was prepared in 50 nmol/L phosphate
buffer (pH 7.4) and centrifuged at 10 000 g for 10 min at 4℃
in a refrigerated centrifuge (Hermel Germany). The obtained supernatant was used for all the assays[11]. The protein content was determined by the method of Bradford[24]
using bovine serum albumin as the standard. HbA1C or
glycosylated hemoglobin was analyzed by HPLC using
automated D-10 BioRad hemoglobin analyzers. Protein
carbonyl contents were measured in the supernatant using
Cayman (Cayman Co. USA) kit. Briefly, 2, 4-dinitropheylhyrayine (DNPH) reacts with protein carbonyls forming
a Schiff base to produce the corresponding hydrazone,
which can be analyzed spectrophotometrically. Catalase
activity was determined in the supernatant using Cayman
(Cayman, Co, USA) kit. The method was based on the reaction enzyme with methanol in the presence of optimal
concentration of H2O2. The formaldehyde produced was
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measured at 540 nm by spectrophotometry with 4-amino3-hydrazino-5-mercapto-1, 2, 4-triazole as the chromogen.
Tissue SOD activity was determined using a Ransod kit
(Randox Laboratories, Crumlin, UK). Briefly, the method
uses Xanthine and Xanthine oxidase to generate superoxide radicals, which react with 2-(4-iodophenyl)-3-(4nitrophenonal)-5-phenyltetrazolium chloride to form a
formazan dye. Using spectrophotometer (Perkin-Elmer,
Germany), the SOD activity was measured by the degree
of inhibition of the reaction. The results were expressed
in units per miligram of protein. The 8-isoprotane assay
was based on the competition between 8-isoprostane and
8-isoprostane-acetylcholinesterase (AchE) conjugate with
specific rabbit antiserum, and then Ellman’s reagent was
added. The final product gave distinct yellow color which
was measured at 412 nm. One way analysis of variance
(ANOVA) was used to compare the values among groups.
In each test, the data were expressed as mean ± SE and P
< 0.05 was considered statistically significant.

RESULTS
Table 1 shows body mass gain, blood glucose levels in the
normal, 48 h after STZ injection and at the end of study,
HbA1C and total protein of rats in control, non-treated
diabetic and VETD groups. Body gain was significantly
decreased in the non-treated diabetic rats compared to
the control (P = 0.002); however, there is no significant
difference between VETD and control (P = 0.09) groups.
As shown in Table 1, blood glucose level was significantly
increased after 48 h of STZ injection compared to control
rats (P = 0.005). In the end of study, blood glucose in the
VETD rats significantly decreased compared to the nontreated diabetic rats and also after 48 h of STZ injection (P
< 0.05). HbA1c was significantly elevated in the non-treated
diabetic rats compared to the control rats (P = 0.005), but it
was normalized in the VETD group (Table 1). The intestinal
levels of total protein found in the control and non-treated
diabetic rats did not differ significantly (Table 1). Total protein level in the VETD rats elevated significantly compared
to the control rats (P < 0.05). As shown in Figure 1, 8-isoprostanoide level was significant increased in the non-treated
diabetic rats compared to the control rats (P = 0.005), while
it was significantly decreased in VETD rats compared to
the control and non-treated diabetic rats (P < 0.05). VETD
group showed a significant increase in the small intestine
SOD activities as compared to the control (P = 0.005) and
non-treated diabetic rats (P < 0.01) (Figure 1B). Catalase
activity in the non-treated diabetic rats was significantly decreased compared to the control rats (P < 0.05) (Figure 1C),
but it was normalized in the VETD rats compared with the
control mice (P < 0.5). In addition, there was a significant
increase in protein carbonyl contents in the non-treated diabetic rats compared to the control rats (P = 0.0005). In the
VETD rats, protein carbonyl was significantly reduced below
the level of the control rats (P = 0.004).

DISCUSSION
Our study demonstrated that vitamin E treatment can improve oxidative stress status via normalization of lipid perwww.wjgnet.com
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Table 1 Body gain, blood glucose, HbA1C and protein content in the three groups (mean ± SEM)
Body gain (g)

Blood glucose (mg/L)
Initial

Control
Non-treated diabetic
VETD

48 h after STZ

HbA1C%

Total protein

End of study

6.2 ± 3
-70.2 ± 7a

1450 ± 150
1480 ± 170

1560 ± 130
4925 ± 210a

1510 ± 120
6044.6 ± 480a

5.7 ± 0.3
28.8 ± 1a

-17 ± 12

1440 ± 200

4580 ± 280

3803 ± 650c

4 ± 0.3c

7.2 ± 0.22
7.5 ± 0.18
8.02 ± 1a

a

P < 0.05 vs control; cP < 0.05 vs non-treated diabetic.

A

B

SOD (U/mg protein)

1.2
1
0.8
0.6
0.4
0.2
0

C

Control

NTD

VETD

50
40
30
20
10

Control

NTD

VETD

8
7
6
5
4
3
2
1
0

D
Protein carbonyl (nmol/mg protein)

8-isoprotane (pg/mg protein)

60

0

9
Catalase (nm/min per mg protein)

1.4

Control

NTD

VETD

0.25

0.2

0.15

0.10

0.05

0.00
Control

NTD

VETD

Figure 1 Biochemical markers which indicate status of oxidative stress. Significant high levels of superoxide dismutase activity (A) were observed in the non-treated
diabetic rats instead of low level of catalase activity (B); 8-isoprostan (C) and protein carbonyl (D) contents of the small intestine of the non-treated diabetic rats were also
significantly high. Vitamin E-treated diabetic rats showed elevated levels of superoxide dismutase (A) and catalase activities (B) accompanying with significant decrease in
8-isoprostan (C) and protein carbonyl (D) contents.

oxidation, protein oxidation and partially glycemic control
in diabetic Wistar rats. Since the oxidative stress status did
not alter in non-treated diabetic rats, the vitamin E treatment probably exerts its effects by protecting the small
intestine from the toxic effects of ROS produced under
hyperglycemic condition. Our previous study and others
showed that the diabetes-induced small intestine morphologic changes include increasing of weight, length, crypt
depth and villus height in diabetic rats[11,25,26]. Our previous[26] study also showed that vitamin E treatment restored
all morphologic changes induced by diabetes in all parts
of the small intestine. Vitamin E or α-tocopherol is highly
soluble in lipids, so that it is the main antioxidant of lipoproteins and cell membrane. Some studies[27,28] have shown
that the control of diabetes improves with the administrawww.wjgnet.com

tion of vitamin E to patients, since it protects the fatty acids of cell membrane and thereby preserves their reaction
with respect to insulin. Our results showed a significant
increment of lipid peroxidation in the small intestine in the
non-treated diabetic rats. The observed increases in lipid
peroxidation levels in the small intestine are in agreement
with similar finding in other tissues[29]. Lipid peroxidation may bring about protein damage and inactivation of
membrane-bound enzymes either through direct attachment by free radicals or through chemical modification by
its end products, malondialdehyde and 4-hydroxynonenal[9].
It is also known to decrease the fluidity of the intestinal
brush border membrane[30]. Therefore, the observed increase in lipid peroxidation could provide an additional
explanation for the previously reported decrease in fluidity
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of the intestinal brush border membrane during diabetes
attributed to changes in lipid composition alone[31]. In this
study, significantly higher levels of protein-bound carbonyls were found in the small intestine of the non-treated
diabetic rats. Recently, it has been proposed that carbonyl
stress, i.e. the increase in reactive carbonyl compounds derived from oxidative and non-oxidative reactions, leads to
increased chemical modification of proteins and, at a later
stage, to oxidative stress and tissue damage. A deficit in
the detoxification of carbonyl compounds by the enzymes
of glyoxalase pathway and aldose reductase is believed to
be partly responsible for carbonyl stress and consequent
oxidative stress[32]. In the present study, VETD rats showed
significant decrement in lipid peroxidation and protein oxidation compared to the non-treated diabetic and control
rats. Elimination of lipid and protein oxidation as two important free radical generation sources by vitamin E may
be resulted in recovery of cell membrane to its normal
physiologic state, and thus the insulin binds the cell readily.
Our result also showed significant decrement in blood
glucose and HbA1c levels in the VETD rats as compared
with the non-treated diabetic rats. It is well known that
hyperglycemia leads to autoxidation of glucose, lipid peroxidation and protein oxidation, that are three major ROS
generation sources and consequently oxidative stress in
diabetic subjects[33-35]. HbA1c was found to increase in patients with diabetes mellitus and the amount of increase
was directly proportional to the fasting glucose level[36].
During diabetes mellitus, the excess glucose present in the
blood reacts with hemoglobin to form HbA1c[37]. HbA1c
is used as a marker for estimating the degree of protein
glycation in diabetes mellitus[38]. Administration of vitamin
E to diabetic rats reduced the glycation of hemoglobin,
and thus decreased the levels of glycosylated hemoglobin
in diabetic rats. This normalization of glycosylated hemoglobin indicates decreased glycation of protein. The
activity of SOD was increased in the small intestine of
non-treated diabetic and VETD rats. It is known that diabetes induces oxidative stress by production of superoxide
anion radicals[35] and it is reasonable to expect an increased
activity of SOD[39]. In physiological conditions, SOD is
an important intracellular antioxidant which catalyses the
conversion of the superoxide anion radical to molecular
oxygen and hydrogen peroxide (H2O2) and thus protects
against superoxide-induced damage[40]. Compared with the
control rats, catalase activity significantly decreased in the
non-treated diabetic rats. Vitamin E treatment normalized the catalase activity in the control group. In contrast
to our results, increases in catalase activity in the small intestine of diabetic rats had been reported[11]. Giron et al[41]
reported a lack of changes in the activity of intestinal catalase of diabetic rats fed with diets containing different fat
supplements. This inconsistency in the reported literature
might be due to the difference in the strain of the animals
used, the duration of the experiment and/or severity of
diabetes. Moreover, vitamin E has a number of effects at
the cellular level that are not dependent on its antioxidant
activity and may potentially contribute to improved insulin
action. For example, vitamin E inhibits protein kinase C by
a non-antioxidant mechanism[42]. Vitamin E also accelerates diacylglycerol kinase activity, thereby decreasing levels
of diacylglycerol, which is an allosteric activator or protein
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kinase C[43]. Increased protein kinase C activity apparently
impairs insulin action by phosphorylating serine or threonine residues on insulin receptor and insulin receptor-1
proteins[44]. This decreases insulin-stimulated, phosphatidylinositol 3-kinase-catalyzed phosphorylation of tyrosine
residues in these proteins, which is required for effective
insulin action. Recent evidence suggests that vitamin E
may influence the activity of these enzymes by decreasing
the curvature of plasma membranes[24].
In conclusion, our results clearly demonstrate that vitamin
E administration improves type 1 diabetes-induced oxidative
stress via decreasing lipid peroxidation and protein oxidation
as a free radical generation sources and elevating antioxidant
defense system enzymes like SOD and catalase activities.
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Abstract
AIM: To determine whether serum interleukin-18 (IL-18)
levels correlated with clinicopathologic features and
prognosis in patients with hepatocellular carcinoma
(HCC).
METHODS: Serum IL-18, IL-6 and IL-12 levels were
measured by enzyme-linked immunosorbent assay
(ELISA) from 70 patients with HCC and 10 healthy
controls.
RESULTS: Serum IL-18, IL-6 and IL-12 levels of patients
with HCC were significantly higher that those of the
controls. The levels of IL-18 correlated significantly with
the presence of venous invasion and advanced tumor
stages classified by Okuda’s criteria. Patients with high
5
serum IL-18 levels (≥ 10 pg/mL) had a poorer survival
5
than those with low serum IL-18 levels (< 10 pg/mL)
(4 and 11 mo, respectively, P = 0.015). Multivariate
analyses showed that serum IL-18 level, but not IL-6
and IL-12 levels, was a significant and independent
prognostic factor of survival.
CONCLUSION: These findings demonstrate that serum
IL-8 may a useful biological marker of tumor invasiveness
and an independent prognostic factor of survival for
patients with HCC. Thus, the detailed mechanisms of
IL-18 involving in tumor progression should be further
investigated.

© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents one of the
most common cancers worldwide with a particularly high
prevalence in sub-Saharan Africa and Southeast Asia where
hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections are common[1]. Although recent advances in the
detection and treatment of HCC have improved the survival,
the prognosis of most patients is somewhat unsatisfactory
due to rapid clinical deterioration after the initial diagnosis
and high incidence of recurrence after surgical resection[2].
In general, the natural history of HCC depends on the
severity of the underlying liver disease, tumor characteristics
and the efficacy of treatment interventions[3]. Besides these
features, a number of biological markers including cytokines
and growth factors have been demonstrated to be increased
in the sera of patients with HCC and may be associated with
a poor prognosis.
Interleukin-18 (IL-18), originally known as interferon-γ
(IFN-γ)-inducing factor (IGIF), is a cytokine that shares
structural and functional properties with interleukin-1
(IL-1)[4,5]. This cytokine is mainly produced by activated
macrophages, but may also be expressed by Kupffer cells, T
cells, B cells, keratinocytes, astrocytes, and osteoblasts[6]. Like
IL-1, IL-18 is synthesized as an inactive precursor (pro-IL-18,
24 kDa), which is cleaved by interleukin-1 β-converting
enzyme (ICE or caspase-1) into an active 18 kDa mature
form [6-8]. IL-18 has multiple biological activities via its
capacity to stimulate innate immunity and both Th1 and Th2
mediated responses[6,8]. It also exerts anti-tumor effects that
are mediated by enhancement of NK cell activity, reduction
of tumorigenesis, induction of apoptosis and inhibition
of angiogenesis in tumor cells[9,10]. In addition, recent data
have been suggested that inappropriate production of
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IL-18 contributes to the pathogenesis of cancers and may
influence the clinical outcome of patients[11]. Specifically,
it has been demonstrated that serum IL-18 level may have
prognostic significance in some types of cancer including
colonic carcinoma, gastric carcinoma, esophageal carcinoma,
breast cancer, and hematologic malignancies[12-16]. However,
the prognostic role of serum IL-18 level in patients with
HCC has never been investigated. Therefore, in this study,
we determined whether serum IL-18 level correlated with
clinicopathologic features and prognosis of patients with
HCC.

MATERIALS AND METHODS
Patients and blood samples
For the purpose of this study, 70 patients with HCC
were randomly selected from a pool of patients with
chronic liver disease who were seen and followed at King
Chulalongkorn Memorial Hospital (Bangkok, Thailand)
between August 1997 and September 2003. The control
group comprised 10 healthy adults from the blood bank.
Serum samples were collected from each subject at the
time of their clinical evaluation and stored at -70℃ until
further tested. The study was approved by the Ethical
Committee of the Faculty of Medicine, Chulalongkorn
University. Informed consent was obtained according to
the regulations of the committee.
The diagnosis of HCC was based on histopathology
and/or a combination of mass lesions in the liver on
hepatic imaging and serum alpha-fetoprotein (AFP) levels
above 400 ng/mL. All demographic and clinical data were
extracted from patients’ files. The authors collected the
data including sex and age, as well as clinical data such as
liver function tests, severity of liver disease graded as the
Child-Pugh status, Okuda staging, etiologic factors (HBsAg,
Anti-HCV or alcohol abuse), serum AFP levels at the time
of diagnosis, and presence of venous invasion diagnosed
by CT scan.
Hepatitis B surface antigen (HBsAg), hepatitis C virus
antibody (anti-HCV) and AFP level were determined
by enzyme-linked immunosorbent assays (ELISA)
using commercially available kits (Auszyme Ⅱ, Abbott
Laboratories, IL for HBsAg; ELISA Ⅱ, Ortho Diagnostic
Systems, Chiron Corp., CA for anti-HCV; and Cobus 
Core, Roche Diagnostics, Basel, Switzerland for AFP).
Biochemical liver function tests were determined by
automated chemical analyzer (Hitachi 911) at the central
laboratory of the hospital.
Measurement of serum IL-6, IL-12 and IL-18 levels
Serum IL-6, IL-12 and IL-18 were determined by using
ELISA kits (R&D systems, Inc., Minneapolis, MN). ELISA
was performed according to the manufacturer’ instructions.
Statistical analysis
Data are expressed as percentage, mean and standard
deviation. Comparisons between groups were analyzed by
the χ2 or Fisher’s exact test for categorical variables and by
the Mann-Whitney test or Student’s t test when appropriate
for quantitative variables. Survival curves were constructed
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Table 1 Clinical and demographic data of patients with HCC at
the time of the diagnosis
Clinical features
Age (yr)
Sex (male:female)
Etiology
Alcohol dependence
HBsAg-positive
Anti-HCV-positive
HBsAg- and anti-HCV-positive
Unknown
Liver function test
Total bilirubin (mg%)
Albumin (g/dL)
AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (IU/L)
Prothrombin time (s)
Child-Pugh classification
A
B
C
Okuda staging system
1
2
3
Venous invasion
Extrahepatic metastasis
AFP (≥ 400 ng/mL)

mean ± SD or percentage (%)
55.0 ± 13.6 (range, 26-89)
60:10
9/70 (12.8)
39/70 (55.7)
7/70 (10)
2/70 (2.9)
13/70 (18.6)
2.3 ± 3.5
3.5 ± 0.7
150.9 ± 130.4
82.9 ± 84.1
512.0 ± 317.9
14.4 ± 4.2
43/70 (61.4)
23/70 (32.9)
4/70 (5.7)
19/70 (27.2)
46/70 (65.7)
5/70 (7.1)
17/70 (24.3)
12/70 (17.1)
27/70 (38.6)

using the Kaplan-Meier method and difference between
curves was testing by the log-rank test. The Cox regression
analysis was performed to identify which independent
factors have a significant influence on the overall survival.
P values below 0.05 for a two-tailed test were considered
statistically significant. All statistical analyses were performed
using the SPSS software for windows 10.0 (SPSS Inc.,
Chicago, IL).

RESULTS
The clinical data of patients with HCC
The clinical and demographic data of patients with HCC
in this study are shown in Table 1. Among the 70 recruited
patients, 60 were men and 10 were women. The average
age of the patients was 55.0 ± 13.6 years (ranged 26-89
years). All patients had underlying cirrhosis. Seventeen
patients (24.3%) had venous invasion. Extrahepatic
metastasis was found in 12 patients (17.1%). The mean
total bilirubin (TB), serum aspartate aminotransferase
(AST), serum alanine aminotransferase (ALT), albumin,
alkaline phosphatase (AP), and prothrombin time (PT)
were 2.3 ± 3.4 mg/dL, 150.9 ± 130.4 IU/L, 82.9 ± 84.1
IU/L, 3.5 ± 0.7 g/dL, 512.6 ± 317.9 IU/L, and 14.4 ± 4.2
sec, respectively. Twenty-seven patients (38.6%) had serum
AFP higher than 400 ng/mL. According to Okuda staging
system, there were 19 patients (27.2%) in stage 1, 46
patients (65.7%) in stage 2, and 5 patients (7.1%) in stage 3.
For predisposing etiologic factors, 9 patients (12.8%)
were associated with alcohol-dependent. Thirty-nine
patients (55.7%) were associated with HBsAg-positive, and
7 patients (10%) were associated with anti-HCV-positive.
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Table 2 Serum levels of interleukins in patients with HCC and
in healthy controls

IL-6 (pg/mL)
IL-12 (pg/mL)
IL-18 (pg/mL)

Healthy controls
(n = 10)
2.9 ± 13.4
1.5 ± 0.9
38.5 ± 22.4

HCC patients
(n = 70)
31.2 ± 52.2
6.2 ± 9.6
104.6 ± 65.8

P
0.01
0.03
0.002

Two patients (2.9%) had both HBsAg-positive and antiHCV-positive. The predisposing factors could not be
determined in 13 patients (18.6%).
Seven patients (10%) had undergone surgical resection,
19 patients (27.1%) had been treated with transarterial
chemoembolization (TACE), and the remaining 44 patients
(62.9%) had received no specific treatment because of
their advanced tumor stage or refusal to therapy.
Serum IL-18 levels of patients with HCC and the survival
As shown in Table 2, serum IL-18 levels in patients with
HCC were significantly elevated compared with those of
the controls (104.6 ± 65.8 vs 38.5 ± 22.4 pg/mL, P = 0.002).
Similarly, the levels of serum IL-6 and IL-12 in patients
with HCC were significantly increased compared with
healthy subjects (31.2 ± 52.2 vs 2.9 ± 13.4 pg/mL, P = 0.01,
and 6.2 ± 9.6 vs 1.5±0.9 pg/mL, P = 0.02, respectively).
Serum IL-18 levels also exhibited a positive correlation
with serum IL-6 and IL-12 levels (P = 0.021; Pearson r =
0.276 and P = 0.002; Pearson r = 0.369, respectively).
In order to evaluate the association between serum
IL-18 and the survival, the patients with HCC were further
categorized into two groups according to their serum
IL-18 levels. In this respect, the cut point of 105 pg/mL,
which represented the mean serum IL-18 level in the
whole group, was used. There were 41 patients with
serum IL-18 < 105 pg/mL and 29 patients with serum
IL-18 ≥ 105 pg/mL. There was no statistically significant
difference in age, gender, serum ALT, AST, AFP, PT and
extrahepatic metastasis between these two groups (Table 3).
However, patients with high serum IL-18 levels had
significantly lower mean serum albumin level (P = 0.01),
but had significantly higher mean total bilirubin (P = 0.03),
serum AP levels (P = 0.04), exhibited more advanced
tumor stages classified by Okuda’s criteria (P = 0.03), and
had higher percentage of venous invasion (P = 0.02) than
patients with low serum IL-18 levels.
Kaplan-Meier survival curves revealed that the median
survival of patients with low serum IL-18 and the other
were 10.5 and 5.0 mo, respectively (Figure 1A). By using
log-rank test, there was a statistically significant difference in
the median survival between these two groups (P = 0.007).
Among patients who were treated with surgery or TACE,
the medial overall survival for the low and high serum IL-18
groups were 18.5 and 10.0 mo, respectively (P = 0.021)
(Figure 1B). In untreated cases, the medial overall survival
for the low and high serum IL-18 groups were 4.5 and 2.7
mo, respectively (P = 0.043) (Figure 1C).
Serum IL-18, IL-6 and IL-12 levels were entered into a
Cox regression analysis together with other variables that
may influence prognosis. These included age, gender, serum

Table 3 Comparison of clinical data of patients with HCC
according to serum IL-18 levels
Clinical features

5
5
IL-18 < 10
IL-18 ≥ 10
pg/mL
pg/mL
(n = 41)
(n = 29)
54.9 ± 15.3
55.2 ± 11.1
34:7
26:3

Age (yr )
Sex (male:female)
Liver function test
Total bilirubin (mg%)
1.4 ± 0.7
Albumin (g/dL)
3.8 ± 0.7
AST (IU/L)
136.8 ± 116.4
ALT (IU/L)
66.5 ± 39.2
Alkaline phosphatase (IU/L)
436.9 ± 275.2
Prothrombin time (s)
13.9 ± 2.4
Okuda staging (1:2:3)
15:25:1
Venous invasion (+:-)
6:35
Extrahepatic metastasis (+:-)
6:35
AFP (< 400 ng/mL: ≥ 400 ng/mL) 25:16

3.6 ± 4.9
3.3 ± 0.7
170.8 ± 148.3
106.2 ± 119.7
612.1 ± 348.2
14.9 ± 5.8
4:21:4
11:18
6:29
18:11

P

NS
NS
0.03
0.01
NS
NS
0.04
NS
0.03
0.02
NS
NS

AFP level, HBsAg status, tumor size, tumor number, venous
invasion, extrahepatic metastasis, Child-Pugh classification,
Okuda staging, and therapy of HCC. Multivariate analyses
revealed that independent prognostic factors of overall
survival included high serum IL-18 level, venous invasion
and no receiving therapy for HCC (Table 4).

DISCUSSION
Enhanced expression of proinflammatory, hematopoietic
and angiogenic cytokines has been demonstrated in
several human tumors[17]. Some of these cytokines may
act as autocrine or paracrine tumor cell growth factors,
inhibitors of apoptosis, attractors of immune cells, and
promoters of angiogenesis[18,19]. Accordingly, it is likely
that the deregulation of these cytokines may contribute
to the development or progression of the malignant
process. Currently, serum levels of several cytokines have
been found to be increased in patients with HCC and
may be correlated with clinical outcomes. For instance,
higher level IL-10 was observed in patients with HCC[20],
and increased IL-10 values were associated with a poor
prognosis in patients undergoing surgical resection[20], as
well as in patients with unresectable tumor[21] Similarly,
serum IL-8 was shown to be a useful biological marker of
tumor invasiveness and an independent prognostic factor
of survival for patients with HCC[22].
To the best of our knowledge, this is the first study
demonstrating that the levels of serum IL-18 were markedly
elevated in patients with HCC compared with healthy
controls. In addition, our data showed that a high-serum
IL-18 level was significantly correlated with advanced
tumor stage classified by Okuda’s criteria. Furthermore,
serum IL-18 levels were significantly correlated with
venous invasion, a pathobiological feature indicative of
tumor aggressiveness. These data suggest that serum IL-18
might be useful in the clinical setting to predict tumor
invasiveness and stage. A high-serum IL-18 level was also a
significant prognostic factor in terms of overall survival, as
demonstrated by multivariate analysis. These results were in
agreement with previous data suggesting that serum IL-18
levels are related to the prognosis of patients with various
www.wjgnet.com
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Figure 1 Overall survival of HCC patients with low serum IL-18 level (< 105 pg/mL) or high IL-18 level (≥ 105 pg/mL). A: All patients; B: Patients who were treated with
surgery or TOCE; C: Untreated patients.

Table 4 Multivariate analysis of prognostic factors of survival
with Cox’s proportional hazards model
Factors
High serum IL-18 level
Presence of venous invasion
No receiving therapy

Risk ratio (95% CI)
1.86 (1.11-3.11)
2.09 (1.19-3.67)
5.01 (2.49-10.06)

P
0.019
0.010
< 0.001

malignant diseases in the gastrointestinal tract, including
colonic, gastric and esophageal carcinoma [12,13,16] . In
agreement with our results, it has been shown recently that
the expression of IL-18 receptor in tumor tissues was found
to be a significant predictor of a poor outcome in HCVassociated HCC patients[23].
The precise mechanisms underlying the positive
correlation between serum IL-18 levels and advanced
tumor stages are unclear. As previously mentioned,
IL-18 exerts anti-tumor activity via several mechanisms
including enhancement of NK cell function, induction of
apoptosis via Fas/Fas ligand interaction and inhibition of
angiogenesis[9,10]. Indeed, recent data have demonstrated
that positive IL-18 immunoreactivity is significantly higher
in the surrounding hepatocytes compared with the tumor
portion from the same individual[24]. It has been shown
that decreasing IL-18 production in tumor cells may be
related to the down regulation of ICE gene expression,
as demonstrated in colon and ovarian carcinoma[13,25]. In
contrast, IL-18 and ICE transcripts have been detected in
the corresponding normal colon and ovarian epithelium
suggesting the bioactive IL-18 is most likely produced
by the adjacent normal cells [13,25]. Taken together, it is
speculated that IL-18 production by the normal adjacent
hepatocytes may reflect the degree of defense mechanisms
against tumor growth and dissemination of HCC.
IL-12, also known as NK cell stimulatory factor or
cytotoxic lymphocyte maturation factor, is a multifunctional
cytokine produced primarily by antigen-presenting cells
(APC), such as monocytes and NK cells[26]. This cytokine
augments proliferation, cytokine production and the
development of Th1. Furthermore, IL-12, in combination
with IL-18, induces anti-tumor effects against a variety
of tumor cells via the activity of IFN-γ[27,28]. It has been
shown that serum IL-12 levels are significantly higher in
www.wjgnet.com

patients with gastric and esophageal cancers compared
with healthy controls [12,29]. In patients with esophageal
carcinoma, increasing serum IL-12 and IL-18 levels
correlate with tumor growth and progression[12]. In contrast,
serum IL-12 levels in patients with far-advanced gastric
cancer are significantly lower that those with less-advanced
stages[29]. In this study, we demonstrated that serum IL-12
levels were significantly higher in patients with HCC than
in healthy controls. Furthermore, we found that its levels
were correlation with IL-18 levels, suggesting that these
cytokines may act synergistically in the anti-tumor activity.
However, unlike IL-18, IL-12 levels were not confirmed as a
prognostic factor in multivariate analysis.
IL-6 is a pleiotropic cytokine that was originally identified
as a T cell-derived lymphokine inducing final maturation of
B cells into antibody-producing cells[30]. This cytokine plays
an important role in hematopoiesis, acute-phase responses
and host defense mechanisms[31]. In addition, IL-6 has also
shown to act as an autocrine growth factor in malignancy[30].
Increased serum levels of IL-6 have been demonstrated
in patients with a variety of cancers and may be associated
with a poor outcome[32-34]. However, the clinical significance
of serum IL-6 levels in patients with HCC remains to be
established[20,35,36]. In this study, we found that though levels
of IL-6 were significantly higher in patients with HCC
than in healthy subjects, its levels were not an independent
prognostic factor in multivariate analysis. Thus, our results
were in agreement with the reports conducted by Chau et al
and Parasole et al[20,36].
In summary, our data demonstrated that serum IL-18
levels in patients with HCC correlated with advanced
tumor stage classified by Okuda’s criteria and the presence
of venous invasion. Serum IL-18 level also exhibited an
independent predictor of prognosis in patients with HCC.
These data suggest that IL-18 contributes an important
role in the pathogenesis and disease progression of
HCC. If confirmed in additional longitudinal studies, the
immuno-modulation of this cytokine may have therapeutic
potential in the future.
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Abstract
AIM: To explore the genetic diversities of UL144 open
reading frame (ORF) of cytomegalovirus DNA detected in
colon tissue from infants with Hirschsprung’s disease (HD)
by sequencing UL144 DNA in 23 aganglionic colon tissue
and 4 urine samples from 25 HD infants.
METHODS: Nest PCR was performed for amplification
of the UL144 gene. The UL144 gene was analyzed with
softwares, such as DNAclub, BioEdit, PROSITE database,
and DNAstar.
RESULTS: The strains from HD patients were distributed
among three genotypes of UL144: group 1A (64%),
group 2 (24%), and group 3 (12%). The UL144
genotypes between strains from HD and control group
2
were compared by chi square test (χ = 1.870, P = 0.393).
Strains from the colon were sporadically distributed in
UL144 genotypes.
CONCLUSION: There are genetic diversities of UL144
ORF in colon tissue of infants with HD. However,
cytomegalovirus UL144 genotypes are not associated
with clinical manifestations of HD.
© 2007 WJG. All rights reserved.
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INTRODUCTION
Human cytomegalovirus (HCMV) is composed of a
large and complicated genome. HCMV infection can
cause various clinical manifestations, such as jaundice,
hepatomegaly, splenomegaly, purpura, pneumonia, central
nervous system impairment. HCMV infection is mild
or asymptomatic in immunocompetent hosts. However,
serious outcomes may occur in immunocompromised
hosts and congenitally-infected infants. It has been shown
that glycoprotein B (gB) is associated with the severity
and/or tissue-tropism of human cytomegalovir usinfected hosts[1-6], other studies have shown contradictory
results[7-9]. HCMV UL144 gene encodes a transmembrane
glycoprotein and is a homologue of the herpes simplex
virus entry mediator (HveA or HveM), a member of tumor
necrosis factor receptor (TNFR) superfamily[10]. Therefore,
the locus may play an important role in determining the
biological behavior of wild-type HCMV strains. Lurain
et al [11] have shown significant strain-specific sequence
variability of UL144 by sequencing 45 low passaged
clinical isolates from solid organism graft and AIDS adults.
The nucleotide sequences of cytomegalovirus UL144 gene
can be divided into group 1, group 2 and group 3. Group
1 can be divided into three distinct subgroups (A, B and C).
Bale et al[12] have confirmed these results by using isolates
from 28 healthy children and 16 congenitally-infected
infants subsequently, suggesting that the UL144 genotype
is associated with neither the outcomes of intrauterine
HCMV infection nor the development and severity of
HCMV disease at birth. However, Arav-Bogger et al[13]
reported different results with those of Bale and Lurain.
Hirschsprung’s disease (HD) is one of the common
malformations in children. Its etiology is obscured. It was
reported that congenital HCMV infection is correlated
with development of HD[14-17]. To further understand the
relationship between genetic diversities of HCMV UL144
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ORF in colon samples and clinical outcomes of HD, we
sequenced UL144 DNA in 23 aganglionic colon tissue and
4 urine samples from 25 HD infants.

MATERIALS AND METHODS
Patients and samples
Fifty-five infants with Hirschsprung’s disease were selected
from July 2001 to May 2004. The youngest infant was
19- day old and the eldest one was 1.5- year old. Their
average age was 8.71 ± 6.8 mo on operation. All patients
were diagnosed as HD based on clinical analysis, barium
enema examination, and biopsy specimens. HE staining
showed that nerve plexus proliferated and no ganglion
cells were found on colon mucous membrane under
light microscope. Veins became large and congested, and
leukomonocyte infiltration was observed on colon mucous
membrane of the narrowed segment in some HD infants.
A total of 53 aganglionic colon tissue and 4 urine
samples were obtained from 55 infants with HD. Of
which, 3 were total colonic type, and 4 long segment HD
type, 46 sigmoid rectal type. The specimens were stored at
-70℃ until use.
Sixteen urine samples from 11 asymptomatic patients,
3 from thrombocytopenia patients, 1 from congenital
heart disease patient, and 1 from renal disease infant, were
investigated after cytomegalovirus DNA was detected by
quantitative PCR[18]. All infants were admitted to Second
Affiliated Hospital of China Medical University from
March 2001 to September 2004. Cytomegalovirus was
detected in all urine samples and 16 of 53 narrow segment
colon specimens from HD patients by quantitative PCR.
The study was approved by the local ethical committee.
PCR amplification
Virus DNA in urine was isolated from the precipitated
cells by boiling them in lysis buffer for 15 min. Tissue
DNA was extracted with xylene, proteinase K, and phenol
chloroform protocol, followed by ethanol precipitation.
All extracted DNA preparations were diluted in water as
templates used in PCR amplification.
The PCR reaction mixture containing 1 × buffer, 1.5
mmol/L MgCl2, 0.2 mmol/L dNTPs, 150 ng up and down
primer respectively, 0.5 U of Taq polymerase (Promega,
Madison city, USA), 3.5 µL sample, and ddH2O was added
to a final volume of 50 µL. Nest PCR was performed to
amplify UL144 when the outside primers yielded either
negative or weak results. The sequences of outside primer
set designated by Lurain et al[11] as UL144B are as follows:
forward (UL144Ca) 5’-CGTATTACAAACCGCGGA
GAGGAT-3’, reverse (UL144Cb) 5’-ACTCAGACAC
GGTTCCGTAA-3’. The inner primers were designed
based on the Toledo sequence (GenBank accession No.
AY446871) using Primer premier 5.0: forward (UL144Ca2)
5’-AGACACCGTTCGGCCCTAT-3’, reverse (UL144Cb2)
5’-TTTAGTGCAGGAATTGGAA-3’. A 681 bp fragment
containing UL144 coding sequence was amplified. The
conditions for amplification with all primer sets were at
95℃ for 5 min, followed by 30 cycles at 95℃ for 45 s,
at 54℃ for 1 min, and at 72℃ for 1 min and 30 s, and a

4351

single extension cycle at 72℃ for 10 min. PCR products
were detected on a 1.5% agarose gel stained with ethidium
bromide under UV illumination.
DNA sequencing
PCR products including the whole length of UL144 open
reading frame (ORF) were gel-purified using PCR fragment
purification kit (TaKaRa, Dalian city, China) according
to the manufacturer’s instructions, and then sequenced
directly with the BigDye terminator cycle sequencing kit
(Perkin Elmer, Foster city, USA). Sequencing was usually
performed on both DNA strands, using the UL144Ca2
and UL144Cb2 primers. Sequencing reactions were
performed with a Perkin-Elmer Gene Amp PCR system
2400 (Perkin Elmer, Foster city, USA) at 96℃ for 10 s, at
50℃ for 5 s, and at 60 ℃ for 4 min for a total of 30 cycles.
The sequencing products were analyzed on an ABI 3700
automated sequencer.
Cloning
To get accurate sequence data for clinical strain M20, in
which the sequence represents lapped spike, UL144 PCR
products of clinical strain M20 were cloned into PGEM-T
vector (Promega, Madison city, USA) and the UL144 was
sequenced using standard M13 + primer.
Sequence analysis
Nucleotide and amino acid sequences were compared
using Program of BioEdit 5.0. Multiple-alignment
algorithm in the Megalign program package was used in
phylogenetic analysis (Lasergene; DNAstar). Functional
motifs were identified from the PROSITE database.
Nucleotide sequence accession numbers
Twenty-seven strains from HD infants and 16 strains
from urine sample were sequenced. UL144 ORF DNA
sequences from these strains were submitted to GenBank
by using program Sequin. The accession number of strains
from HD patients is AY999272-AY999296, AY818285,
AY818293, respectively. The accession number of
strains from control group is AY818269-270, AY818272,
AY818276, AY818280, AY818283, AY818286, AY818292,
AY818295, AY818302-303, AY818305-306, AF447377,
AF447388-89, respectively.
Statistical analysis
Descriptive statistics were carried out by chi square test or
Fisher's exact test with SPSS 10.0 software package. P ≤
0.05 was considered statistically significant.

RESULTS
UL144 variability
Twenty-three operational and 4 urine samples from HD
infants and 16 urine samples from control group yielded
positive results of the predicted size when amplified with
the UL144Ca/Cb and UL144Ca2/Cb2 primer sets. All
the amplified products were sequenced. UL144 ORF was
detected using DNAclub. Then, UL144 ORFs of all strains
were compared using Clustal W. Alignment comparison
www.wjgnet.com

4352

ISSN 1007-9327

U253
M8
M24
M12
M15
U167
pt-20G1a
M16
G1A 64%
M1
M4
M48
M17
M11
M20
M42
M22
M5
-To-UL144
0.1

CN 14-1219/R

World J Gastroenterol

Table 1 Distribution of UL144 genes and source of the HCMV
strains
n
25
16

1A (%) 1B (%) 2 (%)
16 (64.0) 0 (-)
6 (24.0)
6 (37.5) 1 (6.3)
5 (31.2)

3 (%)
3 (12.0)
4 (25.0)

2

χ
1.870

P

  Number 32

Relationship between UL144 clades and clinical
phenotypes of HD
Three UL144 genotypes (group 1A, group 2, and group 3)
were found among strains in colon samples from infants
with Hirschsprung’s disease. With respect to clinical
features, strains from Hirschsprung’s disease patients were
scattered in the UL144 genotypes. Because the number
of samples of the long segment and total colon type was
limited, no relationship was found between their clinical
phenotypes and UL144 genotypes.

0.393

C-group: Control group.

revealed that the variations dispersed over the whole ORF
but concentrated in the 5’ half. UL144 sequence of various
clinical strains was found in 80.4%-99.4% of nucleotides
and 79%-100% of amino acids sequence identities
compared with that of Toledo. Strains from HD patients
presented cytomegalovirus UL144 hypervariability. The
cytomegalovirus UL144 sequences from the same patients,
but different samples (M25 and U296, M27 and U298)
were completely identical. Based on the phylogenetic
analysis, the UL144 sequences of strains from HD patients
were categorized into three major groups according to
the schema classified by Lurain et al [11], referred to as
group 1A, group 2, and group 3 (Figure 1). Our results
showed that most of the strains belonged to group 1A,
amounting to 64% (16 of 25). The minority of infants
(3 of 25, 12%) showed strains that conformed to group
3. Twenty-four percent (6 of 25) of the strains were
distributed in group 2. No strains were found in group 1B
and group 1C. The variability within each genotype ranged
0%-0.6%. Compared with the corresponding groups
(groups 1A, 2, and 3) remarked by Lurain[11], the homology
was 97.5%-98.9%, 97.9%-98.1%, and 99.1%-99.2%,
respectively.
The distribution of UL144 genotypes in urine samples
from infants with other diseases except for Hirschsprung’s
www.wjgnet.com
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disease (control group) was found in 6 (37.5%), 1 (6.3%),
5 (31.2%), 4 (25.0%) of genotype group 1A, group 1B,
group 2, and group 3, respectively. The UL144 genotypes
between strains from infants with Hirschsprung’s disease
and those from control group were compared by chi
square test (χ2 = 1.870 and P = 0.393, Table 1).
Analysis of posttranslational modification sites
of predicted UL144 protein showed that most of the
important motifs, such as tumor necrosis factor-like
receptor (TNFR), N-myristoylation (MYR), protein kinase
C phosphorylaction site (PKC), and N-glycosylation (ASN)
were shared by strains from all groups. However, because
valine (V) and serine (S) substituted by glycine (G) at 19
and 53 amino acid residues in strains belong to group 2,
another two MYR functional sites were added, respectively,
in 19-24 and 53-59 amino acid residues. Compared with
those in the other two groups, only strains in group 3 had
a specific acyl carrier protein site (ACP) but MYR was
absent motif in their UL144 putative protein (Figure 2).

M27
M39
M10
G2 24%
M41
M13
M26
pt 16-G2
M37
M45
G3 12%
M25
pt 10-G3

Figure 1 Phylogenetic analysis based on UL144 nucleotide sequence of clinical
strains from 25 HD infants. Pt 10, pt 16, and pt 20 represented respectively
different UL144 genotypes of Lurain data; TO: Toledo strain; M: clinical strains
from narrow bowel tissue of HD; U: clinical strains from urine samples of HD.

Source
HD
C-group

August 28, 2007

DISCUSSION
Hirschsprung’s disease has been proved to be a disease of
neural crest. It is a developmental disorder of the enteric
nervous system (ENS) characterized by the absence of
ganglion cells in the myenteric and submucosal plexuses
along a variable portion of the distal intestine. It was
reported that different genes such as RET, GDNT,
EDNRB and EDN3 are involved in the pathogenesis of
Hirschsprung’s disease[19]. However, microenvironment
factors can also play a role in the pathogenesis of
aganglionosis. It was reported that one of the etiologies
of Hirschsprung’s disease is cytomegalovirus infection
deter mined by immuno-histochemical and in situ
hybridization test, and cytomegalovirus DNA has been
detected either in ganglion cells or within myenteric and
submucosal plexus along small and large intestine[17,20,21]. It
has been widely accepted that Hirschsprung’s Disease is
associated with a narrowed bowel segment. In this study,
we explored the genetic diversities of cytomegalovirus
UL144 ORF in narrowed colon tissue samples from
infants with Hirschsprung’s disease.
Based on the nucleotide sequences of UL144 gene,
cytomegalovirus strains have been divided into five
genotypes by Lurain et al[11]. In their study, the predominant
genotype of UL144 was group 3. In the current study,
samples were obtained directly from narrow segment colon
tissue and urine in patients with Hirschsprung’s disease,
without any passage in cell culture. Hence, the strains in
bowel tissue specimens from patients could authentically
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Figure 2 Alignment of amino acid sequences of clinical strains from 25 HD infants with the Toledo as a reference. The posttranslational modification motifs were marked
in abbreviation. TNFR: tumor necrosis factor-like receptor; MYR: N-myristoylation; PKC: protein kinase C phosphorylaction site; ASN: N-glycosylation; ACP: Acyl carrier
protein site.

reflect the natural genetic composition of cytomegalovirus
infection in end organ. The UL144 gene sequences of
cytomegalovirus strains from Hirschsprung’s disease
patients could be categorized into three major groups
according to the schema of Lurain et al[11], referred to as
group 1A in 16 of 25(64%), group 2 in 6 of 25 (24%), and
group 3 in 3 of 25 (12%), no strains were found in group
1B and group 1C in patients with Hirschsprung’s disease.
Compared with the results of Lurain [11] , Bale [12] , and
Murayama et al[22], the predominant genotype of UL144 in
our studied strains was group 1A (64%). The discrepancy
may be due to the difference in the studied population.
A number of studies have attempted to correlate
c y t o m e g a l o v i r u s g e n e t i c va r i a n t s w i t h s p e c i f i c
manifestations of cytomegalovirus disease or sites of
infection [7,9,23]. However, no definitive association has
been established yet. Whether the outcomes of congenital
cytomegalovirus infection and tissue tropism are related
to UL144 genotype is still controversial. No association
has been found between the gene variation and particular

diseases[11,12,24]. However, Ara-Boger et al[13] showed that the
relatively rare UL144 genotypes A and C, but not the most
common genotype B, may be associated with the most
serious outcome of cytomegalovirus congenital infection.
Genotypes A-C correspond to group 1A, group 3 and
group 2 in Lurains’ study, respectively.
It was reported that polymorphism of gB genotypes
is related to geographic and demographic composition[25].
However, the results of our previous study[26] are consistent
with the reported data. Nonetheless, the proportion of
UL144 group 1A is higher in strains from infants with
congenital cytomegalovirus infection[13,27], suggesting that
cytomegalovirus strains in group 1A have a much stronger
pathogenicity in congenital cytomegalovirus infection. In
the current study, the predominant UL144 genotype in
intestinal tissue samples from infants with Hirschsprung’s
disease was group 1A (64%), but the comparison of
distribution of gene composition of strains between
infants with Hirschsprung’s disease and control group did
not reach statistical significance (P = 0.393), suggesting
www.wjgnet.com
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that UL144 gene diversities are not related to the particular
disease.
With respect to clinical features, strains from 18 infants
with Hirschsprung’s disease of sigmoid rectal type were
scattered in all UL144 genotypes. Since the number of
samples was small, the association has not been ascertained
between UL144 genotype and clinical phenotype of HD.
Moreover, the identical sequences of cytomegalovirus
UL144 gene from the same patients (M25 and U296,
M27 and U298) suggested that DNA sequences in urine
samples can reflect cytomegalovirus UL144 genotype of
infected organs.
In the current study, analysis of posttranslational
modification sites of predicted UL144 protein showed that
most of the important motifs, including TNFR, MYR,
PKC, and ASN were conserved in all strains, suggesting
that it is necessary for these motifs to maintain the HCMV
biological functions. However, only the strains in group
2 had two MYR motifs in 19-24 and 53-59 amino acid
residues, meanwhile, only the strains in group 3 had a
specific ACP but MYR was absent motif in their UL144
putative protein in comparison with those in the other
two groups. Further study is required on the relationship
between these changes and cytomegalovirus infection,
replication and clinical sequelae.
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Abstract
AIM: To study the effect of moxibustion on Zusanli or
Liangmeng point on gastric mucosa injury in stressinduced ulcer rats and its correlation with the expression
of heat shock protein 70 (HSP70).
METHODS: Sixty healthy SD rats (30 males, 30 females)
were divided into control group, injury model group,
Zushanli point group, Liangmeng point group. Stress
gastric ulcer model was induced by binding cold stress
method. Gastric mucosa ulcer injury (UI) index was
calculated by Guth method. Gastric mucosa blood flow
(GMBF) was recorded with a biological signal analyzer.
Protein content and gene expression in gastric mucosal
HSP70 were detected by immunohistochemistry (IHC)
and reverse transcription polymerase chain reaction
(RT-PCR). Thiobarbital method was used to determine
malondialdehyde (MDA) content. Gastric mucosal
endothelin (ET) and prostaglandin E 2 (PGE 2 ) were
analyzed by radioimmunoassay.
RESULTS: High gastric mucosal UI index, high HSP70
expression, low GMBF and PGF2, elevated MDA and ET
were observed in gastric mucosa of rats subjected to
cold stress. Moxibustion on Zusanli or Liangmeng point
decreased rat gastric mucosal UI index, MDA and ET.
Conversely, the expression of HSP70, GMBF, and PGE2
was elevated in gastric mucosa after pretreatment
with moxibustion on Zusanli or Liangmeng point. The
observed parameters were significantly different between
Zusanli and Liangmeng points.
CONCLUSION: Pretreatment with moxibustion on

Zusanli or Liangmeng point protects gastric mucosa
against stress injury. This protection is associated with
the higher expression of HSP70 mRNA and protein,
leading to release of PGE2 and inhibition of MDA and ET,
impairment of gastric mucosal index.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Recent studies indicate that moxibustion can protect
gastric mucosa against injury [1-3]. However, its exact
mechanism remains unclear. Several strategies have been
proposed recently. Heat shock protein (HSP), the cellular selfprotective defense factor, is one of the hot spots. HSP70 is
one of the important HSPs in gastric mucosal protection[4]. To
explore the involvement of HSP70 in gastric mucosal
protection, we studied the effects of moxibustion pretreatment on the expression of HSP70 mRNA expression and
protein with the purpose of clarifying its endogenous protective mechanism. We believe that the experiment results
provide a useful tool to induce HSPs via traditional Chinese medicine.

MATERIALS AND METHODS
Materials
Sixty healthy SD rats (30 males, 30 females), weighing
200-250 g, were provided by College of Animal Sciences
& Technology, Hunan Agriculture University. Endothelin
(ET) and malondialdehyde (MDA) detection kits were
provided by Radioimmunoassay Institute of Scientific
and Technological Development Center of PLA General
www.wjgnet.com
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Hospital. Other regents were of analytical purity. Rabbit
anti-rat HSP70 affinity-purified antibody and DEPC were
purchased from Wuhan Boshide Company. SP detection kit and DAB yellowbrown color detection kit were
purchased from Beijing Zhongshan Golden Bridge
Biotech Limited Company. Trizol reagent kit was from
Invitrogen (USA). AMV reverse transcription enzyme,
RNasin, dNTPs, Taq DNA polymerase, 100 bp DNA
ladder were from Promega (USA). PGE2 detection kit
was from Institute of Blood, Suzhou University. Aizhu
was purchased from Suzhu Oriental Aiyong Institute
(“Shenjiu 300 Jiu”, Oriental type 1).
Experiment design
The patients were divided into control group (Ⅰ), injury
model group (Ⅱ), Zushanli point group (Ⅲ), Liangmeng
point group (Ⅳ).
The control point[5] was located 1 cm from Liangmeng
point and no specific point was located between knee joint
and Zusanli.
Rats in groups Ⅰ, Ⅱ were not treated with moxibustion, whereas rats in groups Ⅲ , Ⅳ were treated with
moxibustion (4 times a day, 30 min each time, for 8 d) on
the points located at one side. After the hair was removed,
AiZhu was pasted on the points located on both sides (4
times a day, 30 min each time, for 8 d). Seven days after
moxibustion pretreatment, acute stress gastric ulcer model
was established as previously described[6]. Rats in groups Ⅱ,
Ⅲ, Ⅳ were treated for six days with no access to food and
water for 24 h on the last day. These rats were submerged
into 20℃ water at the level of bottom of breastbone and
released 10 h after submersion.
All animals were anesthetized with 10% urethane intraperitoneal injection 24 h after establishment of stress
model. Five rats in each group were used for immunohistochemical analysis. The pylorus portion of stomach was
ligated and 3 mL of 4% formaldehyde was infused into the
stomach from esophagus. The cardiac portion of stomach
was ligated after the needle was pulled out. The esophagus
and duodenum were cut off from the ligated sites. The
stomach was extracted and dissected along the gastric
greater curvature after 10 min. The stomach content was
washed out with normal saline and fixed with 4% formaldehyde for 24 h. Paraffin sections were prepared.
The other rats were anesthetized and dissected as described above. A small piece of mucosa on the gastric sinas
portion was prepared (about 50 mg), washed three times
with 0.1% DEPC solution, and stored in liquid nitrogen.
The other portions of gastric mucosa were washed with
ice cold normal saline. Gastric mucosa ulcer injury (UI)
index was calculated and the gastric mucosa was weighed
with an analytical balance. A certain amount of normal saline was added to the 1.5 mL/400 mg concentration. Gastric mucosal tissue homogenate was prepared with a glassglass homogenizer and centrifuged at 35 000 r/min for 15
min at 4℃. Supernatant was extracted and stored at -20℃
for assay.
According to GUTH method, the summary of gastric
mucosal impairment site length was calculated as UI index and expressed as millimeter. The standard score was:
www.wjgnet.com
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Figure 1 RNA quality analysis.

1 point: < or = 1 mm; 2 points: 1 mm < damage <
or = 2 mm; 3 points: 2 mm < damage < or = 3 mm; 4
points: 3 mm < damage < or = 4 mm; 5 points: > 4 mm.
The UI index should be doubled if the width of injury
was more than 2 mm.
HSP immunohistochemical assay
Paraffin sections (4 μm thick) were prepared. Tissue sections were deparaffinized and hydrated in xylenes and
graded alcohol. The sections were incubated with primary
anti-HSP70 diluted in buffer. PBS was used as negative
control. The positive results were analyzed with the MIAS
medical imaging analytical system. Five scopes on each
section were quantified under microscope. The average
density of each section was calculated.
HSP70 mRNA expression
RT-PCT technique was used to analyze the expression of
HSP70 mRNA in rat gastric mucosa. Total RNA was extracted from rat gastric mucosa with TRIzol method. Ten
μL of RNA sample was taken to analyze the purity and
completeness of RNA (Figure 1). Three mol/L and 1/10
volume of NaAc (pH 5.2) and ethanol were dehydrated 3
times and stored at -20℃ or -70℃.
Three μg of total RNA was used for RT-PCR (20 μL
total volume). Three μg RNA, 0.5 μg oligo (dT), 18 primers, 20 U RNasin, 10 mmol/L dNTPs, 5 × RT buffer, and
10 U AMV reverse transcriptase were mixed and heated
at 42℃ for 1 h. The cDNA product was used as PCR
reaction source of gene for analysis. The primeres of rat
HSP70 were synthesized by Invitrogen Biotech Company.
The routine PCR reaction (25 μL total volume) included:
2.5 μL 10 × PCR buffer, 1.5 mmol/L MgCl2, 200 μmol/L
dNTPs, 2 μL cDNA, 0.1 μmol/L specific primers, 2 U
Taq DNA polymer, and paraffin oil for cover. The HSP70
cDNA in PCR products was 268 bp. The reaction conditions were set at 94℃ for 2 min, at 94℃ for 30 s, at 56℃
for 30 s, at 72℃ for 30 s, for 35 cycles. The cDNA in PCR
products was 426 bp. The reaction conditions were set at
4℃ for 2 min, at 94℃ for 30 s, at 56℃ for 30 s, at 72℃ 30 s,
for 25 cycles. Ten μL of HSP70 cDNA and 10 μL of
GAPDH were loaded onto 1.5 % agarose gel for electrophoresis. The absorbance (A) of gel electrophoresis products was scanned and read. The ratio of HSP70 cDNA/
GAPDH cDNA was used for observed parameters.
GMBF
Rats were anesthetized and operated along the mid-line
of abdomen to expose the stomach. Laser Doppler blood
flow meter and miniature surface probes (Biopac Inc.
USA) were used to record the blood flow. The acquired
signal was converted to blood perfusion unit (BPU) and
input into a computer. The curve was recorded with
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UI
12.0 ± 5.9d
26.8 ± 9.8b
14.1 ± 5.4
26.2 ± 7.7b

Ⅰ
Ⅱ
Ⅲ
Ⅳ

ET (ng/L)

PGE2 (ng/L)

173 ± 70c
345 ± 285a
1485 ± 69
196 ± 124

1108 ± 486c
6227 ± 169a
1064 ± 437
693 ± 426a

a

P < 0.05, bP < 0.01 vs group Ⅲ; cP < 0.05, dP < 0.01 vs group Ⅱ.

bp
500
400

←400 bp
Ⅰ

Ⅲ

Ⅳ

B
bp
500
400

← 426 bp
Ⅰ

Table 2 Efects of moxibustion on gastric mucosal GMBF, MDA
and HSP70 (mean ± SD)

Ⅱ

←
←

Groups

A

←
←

Table 1 Effects of moxibustion on UI,ET and PGE2 of gastric
mucosa (mean ± SD)

4357

Ⅱ

Ⅲ

Ⅳ

Figure 2 HSP70 (A) and GAPDH cDNA (B) in gastric mucosa.

Groups GMBF (mL/min) MDA (mol/L) HSP70 (A) HSP70mRNA (A)
Ⅰ
Ⅱ
Ⅲ
Ⅳ

364 ± 169d
139 ± 33a
280 ± 173
142 ± 58a

2925 ± 625c
3906 ± 768a
2586 ± 252
3464 ± 1502a

0.021 ± 0.010c
0.077 ± 0.057b
0.133 ± 0.035
0.059 ± 0.038a

0.616 ± 0.023b,d
0.669 ± 0.007b
0.799 ± 0.042
0.733 ± 0.025b,d

a

P < 0.05, bP < 0.01 vs group Ⅲ; cP < 0.05, dP < 0.01 vs group Ⅱ.

Acqknowledge v3.5 software. A 2 cm opening cut was
made at the greater curvature of stomach. Laser probes
were inserted into the sinus, bottom, greater and lesser
curvature of stomach. The data were obtained only after the measurement curve on the display became stable.
Measurement was performed three times (15 s for each
time) on each point for every rat. The average value was
designated as the 10 s stabling curve. The final observed
parameters were obtained from the average value of four
different points.
Measurement of ET, PGE2, and MDAin gastric mucosa
Radioimmunoassay was performed to detect ET and
PGE2 in gastric mucosa according to the instructions of
ready-use reagent from the Radioimmunoassay Institute
of Scientific and Technological Development Center of
PLA General Hospital, and Institute of Blood, Suzhou
University, China. Thiobarbital was used to determine
malondialdehyde (MDA) following the instructions from
Radioimmunoassay Institute of Scientific and Technological Development Center of PLA General Hospital.
Statistical analysis
The data were analyzed with SPSS 11.5 software and one
way analysis of variance (ANOVA), and expressed as mean
± SD. P < 0.05 was considered statistically significant.

RESULTS
UI index, ET and PGE2 in gastric mucosa
As shown in Table 1, UI index was significantly lower in
group Ⅲ than in groups Ⅱ, Ⅳ (P < 0.01) and no difference was observed between groups Ⅲ andⅠ (P > 0.05).
UI Index was higher in group Ⅱ than in groupⅠ(P < 0.01).
ET was markedly lower in group Ⅲ than in group Ⅱ (P
< 0.05) and there was no difference between groups Ⅲ
andⅠ (P > 0.05). ET was elevated in group Ⅱ after stress
stimulation (P < 0.05 vs groupⅠ). PGE2 was significantly

increased in group Ⅲ after moxibustion (P < 0.05 vs group Ⅱ).
No difference was observed between groups Ⅲ andⅠ(P >
0.05). PGE2 was lower in group Ⅱ than in groupⅠ(P < 0.05).
GMBF and MDA in gastric mucosa
As shown in Table 2, MDA was significantly lower in
group Ⅲ than in group Ⅱ (P < 0.05) and no difference was
observed between groups Ⅲ andⅠ(P > 0.05). MDA was
higher in group Ⅱ than in groupⅠ(P < 0.05). Moxibustion
also improved GMBF (P < 0.05 vs group Ⅱ) and no difference was observed between groups Ⅲ andⅠ. Cold stress
stimulation alone attenuated GMBF (P < 0.01 vs groupⅠ).
HSP70 and HSPmRNA expression in gastric mucosa
The immunohistochemical results indicated that HSP70
positive portion (yellow-brown color) was detected in cytoplasm, mostly in sinus of stomach. Moxibustion on points
significantly enhanced the expression of HSP70 (P < 0.01
vs group Ⅱ; P < 0.05 vs group Ⅳ). No difference was observed between groups Ⅲ andⅠ) (P > 0.05). Interestingly,
HSP70 expression was markedly higher in group Ⅱ than
in groupⅠ(P < 0.05) (Table 2).
As shown in Figure 2, HSP70 gene expression was
significantly elevated in group Ⅲ (P < 0.01 vs groupsⅠ,
Ⅱ, and Ⅳ). Correspondingly, HSP70 gene expression also
enhanced in group Ⅱ (P < 0.01 vs groupⅠ).
A panel of representative photomicrographs showed
HSP70 staining in gastric mucosa from rats in different
groups (Figure 3 A-D).

DISCUSSION
HSPs are a group of highly conserved stress proteins and
play an important role in maintaining body self-stability.
The main functions of HSPs are to promote cellular tolerance against stress factors, to maintain cellular normal
physiological function, and to increase defense against
and adaptation of cells to deadly stimulation [7]. Overexpression of HSP70 has been observed in rats with acute
and chronic gastric ulcer, chronic atrophic gastritis, and in
patients with gastric cancer. The most leading over-expression of HSP70 has been found in apparent pathological
portion[8-10]. Over-expression of HSP70 promotes ulcer
healing by increasing gastric mucosal blood flow, and cell
multiplication[11-13]. Expression of HSP70 can also be inwww.wjgnet.com

4358

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

A

DAB × 400

B

DAB × 400

C

DAB × 400

D

DAB × 400

duced with heat pretreatment, long term stimulation with
low ethanol, and long term administration of aspirin. The
expression of HSP70 is associated with adaptive cellular
protection-tolerances to stimulation of hyperthermia, high
concentration of alcohol, and high doses of aspirin[14-16].
Moxibustion acts as a kind of physiological mild stimulator
to induce HSP70 production. This effect connects its therapeutic application to immunogenic property for activation
of immunological system[17,18]. Our study indicates that
cold stress stimulation could increase HSP70 protein and
gene expressions in rat gastric mucosa (P < 0.05 vs control
group), suggesting that pretreatment with moxibustion
can significantly enhance the expressions of HSP70 protein (P < 0.01 vs stress model group).
Stress gastric injury is attributed to some factors that
decrease the function of gastric mucosa defense system
and relatively increase the function of impairment system.
Endogenous prostaglandins are a kind of protective substances in gastric mucosa and can increase secretion of
gastric media and biocarbonate, promoting surface hydrophobity and gastric mucosal blood flow. Conversely, endothelin, a potent vasoconstrictor, constricts gastric mucosal
blood flow leading to dysfunction of gastric circulation
and damage to gastric mucosa[19]. Our results showed higher PGE2 and lower ET in group Ⅲ (moxibustion, P < 0.05),
which were related to the improvement of gastric mucosal
damage (P < 0.01). Oxidative stress plays an important
role in stress-induced gastric mucosal injury and involves
cellular apoptosis. It was reported that MDA increases 3 h
after stress and reaches its peak within 6-12 h[20]. Free radical generation increases after long time exposure to stress.
The free radical scavenger system is insufficient to remove
the newly generated free radicals and leads to damage to
gastric mucosa[21]. Electro-acupunture on Zusanli point
decreases plasma MDA and improves oxygen free radical
www.wjgnet.com
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Figure 3 Positive expression of HSP70 in
blank rat gastric parietal cell cytoplasm (A),
HSP70 mRNA expression in cytoplasm of
model rat stomach and gastric mucosa (B),
positive expression of HSP70 and nuclear
expression in cytoplasm (C), positive
expression of HSP70 in a small amount of
cytoplasm (D).

metabolism. These effects are related to its protective effects against stress[22]. In our study, gastric mucosal MDA
was higher in group Ⅱ than in groupsⅠand Ⅲ (P < 0.05),
indicating that moxibustion decreases gastric mucosal
MDA and protects gastric mucosa against oxidative injury.
Channel connection with Zang and Fu organs (viscera)
is one of the important theories in traditional Chinese
medicine. “Twelve channels connect with arms and body
surface outwardly and associate with Zang and Fu organs
inwardly”. This theory has been described in detail in
<<LingSu•HaiLun, miractous pivot, name of a book>>.
Foot Yangming Wei Channel is a channel full of Qi and
blood, and participates in the circulation of 14 channels
and provides the sources for Qi and blood. It is one of
the essential elements of Channel theory. Stomach (Wei) is
the “field of water and food” and converts ingestant into
nutrients and blood. Spleen and stomach (PiWei) are the
essential parts for growth and development. Zusanli point,
a co-point in bottom of stomach (Wei) and Wei Channel,
is a first selection point for stomach disease. Liangmeng
point is another point in foot Zusanli stomach channel.
The present study indicated that moxibustion pretreatment
on Zusanli and Liangmeng points increased HSP70 protein
and gene expressions and PGE2 in gastric mucosa (P < 0.05
or 0.01 vs moxibustion pretreatment on no specific point).
Moxibustion reduced damage to gastric mucosa (P < 0.01)
and the enhanced MDA induced by gastric mucosal stress
and exerted antioxidation, suggesting that Zusanli and
Liangmeng points protect gastric mucosa against stress
injury by a point-specific mechanism. These results
provide strong evidence for the treatment of digestive
illness with acupuncture method.
Moxibustion can prevent and cure diseases through
mild warm stimulation and point-channel action. Modern clinical and experimental studies have confirmed that
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moxibustion has analgesic effects and improves blood circulation. Metabolism dysfunction, activity of Zang and Fu
organs, and immunological function can also be improved
with moxibustion[22].
In summary, moxibustion protects gastric mucosa
against stress injury, which is related to the induction of
HSP70 protein and mRNA expression. These results
provide an alternative pathway to trigger endogenous protective substances with acupuncture. Effective induction
of HSPs with means of traditional Chinese medicine is
a useful tool to provoke endogenous defense system for
prevention and treatment of diseases. However, whether
moxibustion-induced HSP70 expression can protect other
tissues or organs against stress injury remains to be further
studied.
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Abstract
AIM: To investigate the effects of Fuzheng Yiliu granules
(body-resistance strengthening and tumor-suppressing
granules) in patients with esophageal carcinoma.
METHODS: We compared the immune adherent
properties of red blood cells (RBCs), the expression
of metastasis protein CD44, and the metastasis
inhibition factor nm23, in esophageal carcinoma tumor
cells of patients before and after radiotherapy in the
presence and absence of orally administered Fuzheng
Yiliu granules. Sixty-three hospitalized patients with
esophageal carcinoma were treated with standard
radiotherapy and randomly divided into treatment
group (n = 30) treated with both radiotherapy and
Fuzheng Yiliu granules and control group (n = 33) given
radiotherapy only. Blood samples and tumor tissue
were obtained before and after 21 d of treatment. The
rosette rates for complement receptor type 3b (C3bRR)
and immune complex receptor (ICRR) on RBCs were
measured by erythrocyte immunological methods.
Expression of CD44 and nm23 in tumor tissue sections
was determined by immunohistochemical staining with
monoclonal antibodies CD44v6 ad nm23H-1, respectively.
RESULTS: The positivity of RBC-C3bRR before and
after 21 d of treatment increased from 7.78% ± 1.59%
to 10.03% ± 2.01% in the double treatment group,
while it changed only slightly from 7.18% ± 1.29% to
7.46% ± 1.12% in the radiotherapy group. The positive
rate for RBC-ICRR decreased from 37.68% ± 2.51% to
22.55% ± 1.65% after the double treatment, and from
www.wjgnet.com

37.28% ± 2.41% to 24.69% ± 1.91% in radiotherapy
group at the same time points. The difference in
erythrocyte immune adherent function between the two
+
groups was significant (P < 0.01, t -test). The CD44 cases were reduced from 21 (70.00%) to 12 (40.00%)
after treatment with Fuzheng Yiliu granules, whereas
+
the CD44 -cases (69.70%) in the radiotherapy group
remained unchanged. The difference between the
treatment (40.00%) and control (69.70%) groups was
+
significant (P < 0.05). Although the nm23 -cases were
increased from 4 (13.33%) to 6 (20.00%) in the double
treatment group and from 6 (18.18%) to 7 (21.21%) in
the radiotherapy group, the difference was not significant
(P > 0.05).
CONCLUSION: Fuzheng Yiliu granules enhance the
immune adhesion function of RBCs and reduce the
+
number of CD44 -cells in esophageal carcinoma patients,
suggesting a potential role of these Chinese herbals in
suppression of invasion and metastasis of malignant
cells. However, this anti-metastatic effect has yet to be
validated in vivo .
© 2007 WJG . All rights reserved.
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INTRODUCTION
Fuzheng-Yiliu granules (body-resistance strengthening
and tumor-suppressing granules) were made from Gansuproduced herbals including Radix hedysari, radix Radix
angelicae sinesis, Rhizoma zekoariae and Radix patriniae
at a ratio of 3:1:1:3 by boiling, concentrating and adding
an excipient. According to our clinical observations, the
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combination of these four herbals at the ratios mentioned
may suppress tumor cell growth and concomitantly
enhance host immune function. Our previous study of
Fuzheng Yiliu granules in an animal model indicated that
Fuzheng Yiliu treatment inhibits S180 tumor cell growth
in mice associated with suppression of telomerase activity
and cell transition from G0/G1 to S phase[1]. Our in vivo
studies using tumor tissues derived from cancer patients
treated with Fuzheng Yiliu granules have confirmed its
suppressive role in cell proliferation and transition from
G0/G1 to S phase, further demonstrating its ability
to upregulate nuclear transcription factor NF k B and
apoptosis in breast and esophageal-gastric carcinomas[2,3].
Very recently, we showed that Fuzheng Yiliu granules
can lower the expression of metastasis protein CD46 in
esophageal carcinoma[4]. In this report, we describe the
effect of Fuzheng Yiliu treatment on the immune adhesion
function of red blood cells including RBC-C3bRR and
RBC-ICRR as well as expression changes of the metastasis
protein CD46 and the metastasis inhibition factor nm23 in
tumor tissues.

MATERIALS AND METHODS
Patients
In this study, 63 in-hospital patients enrolled from Wuwei
Oncology Hospital, Gansu Province, included patients
with esophageal carcinoma diagnosed by esophagealgastric endoscope and pathology on biopsy, patients who
had no previous radiotherapy, and patients who received
the complete treatment program. This study was approved
by the Institutional Review Board of Wuwei Oncology
Hospital.
Random groups
Sixty-three patients were divided into treatment and
control groups using the randomization table. Patients (20
males and 10 females, ranging in age from 45 to 76 years
with a mean age of 58.6 ± 7.9 years) in the treatment
group were treated with both radiotherapy and Fuzheng
Yiliu granules. Patients in the control group (22 males and
11 females, ranging in age from 47 to 70 years with a mean
age of 57.3 ± 6.2 years) were treated with radiotherapy
alone. These two groups were comparable and had no
statistical differences (P > 0.05) in the case number, sex or
age.
Clinical treatment
Patients in the control group were treated with the
standard Co60 radiation at a dose of 1.8-2.0 Gy in 3 or 4
fields, 3 cm above and below the tumor lesions, 5 times
a week for three weeks (total dose of 50-70 Gy). Patients
in the treatment group were also given oral of Fuzheng
Yiliu granules, 5.0 g each time, 3 times a day for 21 d.
Fuzheng Yiliu granules were developed by the Institute
of Combined Western and Chinese Traditional Medicine,
Lanzhou University Medical School and manufactured by
Lanzhou Foci Pharmacy Company. Five grams (5.0 g) of
granules is equivalent to 45 g of original herbs.
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Tumor tissue and blood samples
Upon admission to Wuwei Oncology Hospital, patients
were subjected to electron esophago-gastroendoscopy for
diagnosis and biopsies of 3-4 pieces of tumor tissue. After
radiotherapy for both groups, in addition to oral Fuzheng
Yiliu granules in the treatment group, the patients were
again subjected to electron esophago-gastro endoscopy
for diagnosis and biopsies of 3-4 pieces of tumor tissue.
Tissues were formalin-fixed and paraffin-embedded
for sectioning. Four microns of continuous sections
was used for HE staining, pathological diagnosis and
immunohistochemical staining. Two milliliters of blood
samples drawn into anti-coagulation tubes from each
patient before and after 21 d treatment was used to test
immune function of red blood cells.
RBC-C3bRR and RBC-ICRR
Red cell immune adhesion function, RBC-C3bRR and
RBC-ICRR, were detected as previously described [5,6].
Yeast cells were obtained from the Blood and Immune
Laboratory of Shanghai Hospital, the Second Military
Medical University). If one red cell adhered to more than
2 yeast cells, it was counted as one rosette. The percentage
of rosettes in 200 red cells was calculated.
Immunohistochemistry
Antibodies CD44v6 and nm23H-1 and related reagents
were purchased from Boshide Company (Wuhan, China).
Immunohistochemistry was performed by the avidinbiotin peroxidase complex (ABC) method (Boshide,
Wuhan). Briefly, slides were deparaffinized, and rehydrated
through xylene and alcohol in Coplin jars. Endogenous
peroxidase was blocked with 3% H 2O 2 in phosphatebuffered saline (PBS) for 10 min, and tissues were washed
3 times in ddH2O at room temperature. Microwave oven
heat-induced epitope retrieval (HIER) was performed
on sections used for CD44v6 antibody, and washed in
PBS buffer. Tissue sections for nm23H-1 staining were
treated with enzyme buffer from the kit and then washed
with ddH2O. The slides were incubated with normal goat
serum for 20 min followed by primary antibody (rabbit
monoclonal antibody CD44v6 or nm23H-1 with dilutions).
Incubation was performed overnight at 4℃. After washed
three times, slides were incubated with biotinylated goat
anti-rabbit IgG at 31℃ for 20 min. After washed three
times, the slides were incubated in SABC solution. Slides
were washed 4 times (5 min each time) and then developed
with liquid DAB at 31℃ for 20 min, washed twice with
H 2 O, and finally counterstained lightly with Mayer’s
hematoxyline for 5 s, dehydrated, cleared, and mounted
with resinous mounting medium. CD44v6 stained brownyellowish granules mainly on the cell membrane with some
cytoplasmic staining. Nm23H-1 stained brown-yellowish
granules in cytoplasm. Signal intensity and distribution
were [7-9] scored blindly by pathologists as previously
described [7-9]: distribution score (DS) was graded as 0:
absent; 1: < 10%; 2: 10%-50%; 3: 51%-90%; or 4: > 90%.
The intensity score (IS) was graded as IS0: no signal; IS1:
weak; IS2: medium; or IS3: strong. The combined total
score was determined as a total score (TS) = distribution
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Table 1 Effect of Fuzheng Yiliu granules on RBC immune
adhesion function (mean ± SD, %)

b

Group

n

Treatment
Control

30
33

RBC-C3bRR
Before
After
treatment
treatment
7.78 ± 1.59 10.03 ± 2.01b
7.18 ± 1.29
7.46 ± 1.12

RBC-ICRR
Before
After
treatment
treatment
37.68 ± 2.51 22.55 ± 1.65b
37.28 ± 2.41 24.69 ± 1.91

P < 0.01 vs control group after treatment.

Table 2 Effect of Fuzheng Yiliu granules on CD44v6 and
NM23H-1 expression (%)
Group

n

Treatment

30

Control

b

Treatment

Before
After
Before
33
After

CD44v6
Positive
Negative
21 (70.00)
9 (30.00)
12 (40.00)b 18 (60.00)
23 (69.70) 10 (30.30)
23 (69.70) 10 (30.30)

NM23H-1
Positive Negative
4 (13.33) 26 (86.67)
6 (20.00) 24 (80.00)
6 (18.18) 27 (81.82)
7 (21.21) 26 (78.79)

P < 0.01 vs control group after treatment.

(DS) + intensity (IS) (TS0: sum 0; TS1: sum 1 to 3;
TS2: sum 4 to 5; TS3: sum 6 to 7). TS0 and TS1 were
considered negative.
Statistical analysis
Binomial distributions were used to compute P-values for
positive and negative immunohistochemical staining of
anti-CD44 or anti-nm23 antibodies on the tissue sections.
SPSS 8.0, χ2 and t-test were used to test the difference in
P-values. P < 0.05 or P < 0.01 was considered statistically
significant or very statistically significant, respectively.

RESULTS
The results of the immune adherent function of red
blood cells before and after radiotherapy for patients with
esophageal carcinomas with or without oral Fuzheng Yiliu
granules are listed in Table 1. Prior to treatment, RBCC3bRR and RBC-ICRR had no significant differences (P
> 0.05). After 21 d of treatment, RBC-C3bRR increased
from 7.78% to 10.03% and 7.18 to 7.46% in the treatment
and control groups, respectively (P < 0.01). RBC-ICRR
decreased significantly from 37.68% to 22.66% and
37.28% to 24.69% in the treatment and control groups,
respectively (P < 0.01).
The immunohistochemistry results of metastasis
protein CD44 and metastasis inhibition factor nm23 in
esophageal carcinoma tumor cells of patients before
and after radiotherapy, with or without oral FuzhengYiliu granules are listed in Table 2. Prior to treatment,
the difference in cases positively stained with CD44v6 or
nm223H-1 antibodies between the treatment and control
groups was not statistically significant (P > 0.05). The
number of cases positively stained with CD44v6 decreased
from 21 to 12 in the treatment group, whereas there was
no change in the control group (P < 0.05). However, the
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number of cases stained with nm23H-1 increased from 4
to 6 in the treatment group and 6 to 7 in the control group
(P > 0.05).

Discussion
Esophageal carcinoma occurs frequently in adult and
elderly populations. According to traditional Chinese
medicine, malignancy is referred to as dysphagia syndrome
and its development and progression may be due to
aging and deficiency in Qi and Yin or in Qi and blood, or
stagnation of phlegm-dampness, heat-toxin accumulation,
consumption of body fluid and blood resulted from
unhealthy habit of food-intake and emotional upsets.
Patients treated with radiotherapy often have invasive and
metastatic tumors that may cause difficulty in swallowing
or instant vomiting upon food intake, resulting in lack of
nutrients to support physiological metabolism. Constant
nutrient deficency leads to catabolism of body materials,
further decreasing the levels of Yang-Qi and healthy Qi,
which in turn make stagnation of phlegm-dampness and
heat-toxin accumulation more severe. In Fuzheng Yiliu
granules, Radix hedysai enhances Qi, radix angelicae sinesis
boosts blood production, Rhizoma zekoariae increases
blood circulation to transport stasis, Radix patriniae
promotes diuresis to remove damp and toxic metabolites
from the body. These four herbs in combination augment
healthy Qi and reduce pathogenic factors.
Our study indicates that the presence of abnormal
immune adhesion function of red blood cells in patients
with esophageal carcinoma, could decrease RBC-C3bRR
and increase RBC-ICRR [10] . RBC and WBC counts
usually begin to decrease three weeks after radiotherapy,
preventing patients from continuous treatment. It was
reported that the rosette of tumor cells can adhere
to RBC [5] , providing morphological support for the
hypothesis that erythrocytes might play a role in prevention
of tumor cells from metastasis. Gan and Zhang[11] reported
that increased RBC-C3bRR and decreased RBC-ICRR play
an important role in tumor cell metastasis. These studies
strongly suggest that improvement in immune adhesion
function of RBC can suppress tumor cell metastasis[12].
Radix angelicae sinesis and Rhizoma zekoariae increase
blood microcirculation, modulate immune function,
inhibit or kill tumor cells, while Radix patriniae enhances
immune function and inhibits S180 tumor cell growth[13].
All these data and the results of our studies on animal
model and clinical patients[1-4], demonstrate that Fuzheng
Yiliu granules enhance immunity, suppress tumor cell
proliferation and induce apoptosis of malignant cells.
CD44v6 is one of the alternative spliced variants of
CD44[14]. CD44 is an integral cell membrane glycoprotein
that may play a role as cell surface adhesion molecules
in lymphocyte migration to lymph nodes[15]. Matsumura
and Tarin[16] first report that splice variants of CD44 may
be associated with metastases and can be used in early
diagnosis of cancer patients. Mayer et al [17] found that
expression of CD44 is associated with distant metastases,
recurrence and increased mortality of gastric cancer. In the
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field of esophageal carcinoma, many investigators reported
that CD44v6 over-expression is significantly associated
with tumor invasion, distant metastasis, and poor
prognosis[18-20]. Schmits et al[21] showed that mice deficient
in all known variants of CD44 develop granuloma in
response to Cryotosporidium parvum infection. SV40induced tumorigenicity of CD44-deficient fibroblasts can
be suppressed by reintroduction of CD44 expression[12].
These results suggest that over-expression of CD44
may be a consequence, rather than a cause, of malignant
tumor progression. Further studies are needed to elucidate
the molecular mechanisms underlying pharmacological
function of Fuzheng Yiliu granules on CD44v6-positive
cells.
NM23H-1 belongs to the NM23 gene family that has
been shown to play a critical role in cellular proliferation,
embryonic development, differentiation, oncogenesis, and
tumor metastasis[22]. Expression of NM23H-1 inversely
correlates with metastatic potential and does not correlate
to host immune response [23]. MacDonald et al [24] found
that specific mutations in the human NM23 gene reduce
the ability of the gene product to inhibit cell motility.
Granzyme A (GZMA) induces a caspase-independent
cell death pathway characterized by single-stranded DNA
nicks and other features of apoptosis. Fan et al[25] showed
that NM23H1 is a GZMA-activated DNase that interacts
with its specific inhibitor SET. After GZMA loading or
cytotoxic T lymphocyte (CTL) attack, SET and NM23H1
translocate to nuclei and SET is degraded by GZMA
cleavage, allowing NM23H1 to nick chromosomal DNA.
Thus, loss of NM23H1 expression in tumors might make
them resistant to immune surveillance by CTL and nature
killer cells, since target cells with silenced NM23H1 are
less sensitive to GZMA-induced apoptosis. The role
of NM23H-1 in apoptosis is consistent with clinical
observations that reduced expression of NM23H1 is
associated with metastatic esophageal carcinoma[26,27] and
poor prognosis[28, 29]. NM23H-1-positive cases increased
from 4 to 6 in the treatment group, and from 7 in the
control group (Table 1, P > 0.05), indicating that Fuzheng
Yiliu granules have no effect on NM23H-1 expression. An
alternative explanation is that the current sample size was
too small to make a valid statistical analysis.

COMMENTS
Background

Many patients are diagnosed with esophageal carcinoma at intermediate or
advanced stage, making surgical treatment impossible. Late diagnosis may also
minimize other treatments such as radiotherapy. Radiotherapy for esophageal
carcinoma is limited due to its side effects. Recently, we have used a Chinese herb
to improve the efficacy, reduce the side effects of radiotherapy for esophageal
carcinoma, and improve the patients’ living quality and prognosis. However, the
mechanism remains unknown.
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Applications

In order to keep the successive efficacy of Fuzheng Yiliu granules, these granules
must be used for 21 d or more.

Terminology

Immune adhesion function of red blood cells (RBCs): RBCs are the most
important eigen immunocell that has been identified. RBCs function in adhesion,
concentration, killing antigen and cleaning immune complex in blood circulation,
etc. Through the above functions, RBCs join the regulating immune functions of
human body.

Peer review

This is a well-written manuscript describing the research on the anti-tumor effect
of the herbal medicine. Fuzheng Yiliu granules enhance the immune adhesion
function of RBCs and reduce the number of CD44+-cells in esophageal carcinoma,
suggesting a potential role of these Chinese herbals in suppressing invasion and
metastasis of malignant cells.
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Abstract
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AIM: To investigate the change in expression of

p53 , Bcl-2 , and Bax genes in human colon cancer

cells transplanted into nude mice after hyperthermia,
chemotherapy, radiotherapy, thermochemotherapy,
thermoradiotherapy and thermochemoradiotherapy.

METHODS: Human colon cancer cell line (HT29)
was transplanted into the hind limbs of nude mice.
Under laboratory simulated conditions of hyperthermia
(43℃, 60 min), the actual radiation doses and doses
of mitomycin C (MMC) were calculated in reference
to the clinical radiotherapy for human rectal cancer
and chemotherapy prescription for colon cancer. The
mice were divided into 6 groups according to the
treatment approaches: hyperthermia, chemotherapy,
radiotherapy, thermochemotherapy, thermoradiotherapy,
and thermochemoradiotherapy. The mice were sacrificed
at different time points and the tumor tissue was taken
for further procedures. The morphologic changes in
membrane, cytoplasm and nuclei of tumor cells of
p53 , Bcl-2 , and Bax after treatment, were observed by
immunohistochemistry staining.
RESULTS: All of the six treatment modalities downregulated the expression of p53 , Bcl-2 and up-regulated
the expression of Bax at different levels. The combined
therapy of hyperthermia, with chemotherapy, and/or
irradiation showed a greater effect on down-regulating
the expression of p53 (0.208 ± 0.009 vs 0.155 ± 0.0115,
P < 0.01) and Bcl-2 (0.086 ± 0.010 vs 0.026 ± 0.0170,
P < 0.01) and up-regulating Bax expression (0.091 ±
0.0013 vs 0.207 ± 0.027, P < 0.01) compared with any
single therapy.

INTRODUCTION
Tumor regression after a high fever due to erysipels was
first reported in 1866 by the German physician Busch. In
1910 Müller described the potential of hyperthermia as an
adjuvant to radiotherapy[1]. In the past two decades there
has been a great interest in application of hyperthermia
in conjunction with irradiation or/and chemotherapy
in cancer treatment. This is associated with a better
understanding of several biological parameters such as
radiosensitization, chemosensitization, direct cytoxicity,
ther motolerance, and stepdown heating, as well as
complete changes in micromilieu, especially involving
the microvasculature[2-6]. Hyperthermia has become the
fifth method of therapy after surgery, chemotherapy,
radiation and biological therapy, and plays an important
role in multidiscipline therapy for cancer. Hyperthermia is
considered a very hopeful anticancer method in the near
future. For the first time we observed that hyperthermia
at 43℃ for 60 min upregulated E-cadherin and γ-catenin
expressions but downregulated β-catenin expression on
colon carcinoma cells in vitro. α -catenin expression is
not affected by hyperthermia[3]. However, the pathways
between apoptosis and hyperthermia (which is one of the
inducers) remain unclear. The relative amount of Bcl-2 and
Bax proteins determines cell survival or death following
an apoptotic stimulus. To clarify the molecular mechanism
of hyperthermic cell destruction, radiosensitivity and
interaction of heat with chemotherapeutic agents,
we designed an experiment to identify the change
www.wjgnet.com
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in expression of p53, Bax and Bcl-2 proteins after
hyperthermia, chemotherapy, radiotherapy and combined
therapies in human colon cancer transplanted into nude
mice.

MATERIALS AND METHODS
Reagents
Human colon adenocarcinoma cell line HT29 was kindly
provided by Center Laboratory of Tianjin Medical
University Cancer Hospital. One hundred and forty-four
4-5 wk-old BLAB/C nu/nu mice of both sexes, weighing
18-20 g, were purchased from the Animal Center of
Chinese Academy of Medical Sciences. The mice were fed
with standard maintenance diet and water throughout the
experiment period. All animals received care treatment
in compliance with the guidelines of China Ministry of
Public Health.
Reagents and instruments
Mitromycin-C (MMC) was produced by Kyowa Hacko
Kog yo Co. Ltd. Human anti-p53 gene polycolonal
antibodies were purchased from Beijing Zhongshan
Biotechnolog y, Inc. Polycolonal human antibody
against Bcl-2 and Bax gene, ultrasensitiveTMS-P box for
immunohistochemical staining and DAB box were the
products of Fujian Maixing Biotechnology Development
Inc. Electroheat hemothermia water bath trunk (Shanghai
No 7 Medical Equipment Co. Lit., HHW21. Cu 600), 30
self-made wooden shelves for fixing nude mice, WMY-01
digital thermometer were the products of Shanghai
Medical Instrument Co. Lit. SL-7510 accelerator, medical
adhesive tape, Leitz-1212 paraffin section machine,
Olympus CH-2 optical microscope and Bei Hang CMIAS
image analysis system were provided by Pathological
Department of Tianjin Cancer Hospital.
Xenografts of HT29 cells in nude mice
HT29 cells were incubated in vitro to logarithmic growth
period. The cells were separated and counted. A total of
1 × 107/mL HT29 cells were subcutaneously xenografted
in bilateral groins of nude mice. After 22 d, the mice were
sacrificed when tumors reached about 9 mm × 10 mm.
The mass of tumors was cut into 1 mm × 1 mm × 1 mm
pieces, which were then subcutaneously xenografted in
bilateral hind limbs of all 144 nude mice. When the tumors
grew about 0.8-1.0 cm in diameter, laboratory study was
undertaken.
Treatment of nude mice with xenografts of HT29
The mice were randomly divided into 6 groups (24 mice in
each group) and treated as follows.
The mice in group A (hyperther mia) were fixed
on a special frame, their bilateral hind limbs were
immersed in 43℃ water for 60 min. The mice in group B
(chemotherapy) were given MMC through local injection
into the tumor at a dose of 1.4 mg/kg. Briefly, 5 mL NS
was injected into an ampoule containing 2 mg MMC. MMC
was dissolved and the dose for each mouse was calculated
according to the formula: X = 5 mgY (1.4/1000) [X: mL
www.wjgnet.com
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of MMC solution for injection; Y: weigh of mice (g)].
The mice in group C (themochemotherapy) administrated
MMC, hyperthermia was performed after chemotherapy.
SL-7510 accelerator with 8 Mev electron beam was
used in mice of group D (radiation) with a 1.0 cm-thick
plexiglass placed on the surface. Radiation was performed
once at 10GY. The mice in group E (themoradotherapy)
underwent radiation and then hyperthermia. The mice in
group F (themochemoradiotherapy) received radiation
followed by chemotherapy and hyperthermia.
Three mice from each group were sacrificed at 8
different time points (before treatment, and 2, 4, 8, 12, 24,
48 and 72 h after treatment). The tumor of the hind limbs
was resected, fixed with 10% formalin solution, embedded
in paraffin wax blocks and cut into 4-µm thick sections for
immunohistochemical analysis.
Immunohistochemical staining for expression of p53,
Bcl-2 and Bax genes in tumor tissue
Expression of p53, Bcl-2 and Bax genes in harvested tumor
was determined immunohistochemically using the S-P
method. Unless otherwise stated, all steps were carried at
room temperature. Briefly, after dewaxed and rehydrated,
slides were washed for 5 min, put into distilled water for
another 1 min and then dried in a microwaven (95℃-98℃)
in citric acid buffer (pH 6.0) for 15-20 min to retrieve
antigens. The sections were washed three times with
phosphate-buffered saline (PBS) for 5 min. Normal goat
serum was added to the slides for 20 min. Rabbit anti-human
polyclonal antibody against Bcl-2, p53 and Bax was applied
to sections and incubated overnight at 4℃. After incubated
in PBS for 5 min, second antibody (biotin-conjugated)
was added to the sections at 37℃ for 30 min. The enzyme
conjugated HRP-streptavidin (third antibody) at 37℃ for
30 min. Between each step, the sections were washed three
times with PBS for 5 min. Sites of immunoreaction were
visualized with 3, 3’-diaminobenzidine (DAB) for 2-20 min
under microscope. Then the sections were washed with
tap water for 5 min, soaked in distilled water for 2 min,
counterstained with Mayer’s haematoxylin, dehydrated in
alcohol, and mounted on Canada balsam.
Evaluation criteria for immuohistochemical staining
Immunostaining specific for Bcl-2 and Bax gene was
membranous and cytoplasmic, p53 gene was nucleolar.
These genes were stained yellow or brown under optical
microscope. Bei-Hang CMIAS pathological image analysis
system was adopted. The brightest area of image was
calibrated both for size and optical density; 5 high power
fields of each section were selected for image collection.
The target area of section was fixed and color division
was carried out. The results of division were analyzed
statistically and an average optical density was obtained.
Statistical analysis
Statistical analysis was perfor med by SPSS11.5 for
Windows (SPSS, Chicago IL). Comparison of average
optical density for Bcl-2, Bax and p53 genes in different
groups was made by mono-factor variance analysis. SNQ
test was used in comparison of the two groups.
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Table 1 Average optical density of p53 , Bcl-2 and Bax in
different groups 48 h after treatment (mean ± SD)
Group
A
B
C
D
E
F
F

n

p53

Bcl-2

6
6
6
6
6
6

0.208 ± 0.009
0.223 ± 0.0133
0.255 ± 0.0111
0.197 ± 0.0157
0.205 ± 0.100
0.155 ± 0.0115
40.810b

0.086 ± 0.010
0.056 ± 0.0064
0.064 ± 0.0048
0.058 ± 0.0095
0.054 ± 0.0090
0.026 ± 0.0170
21.466b

Bax
0.091 ± 0.0013
0.135 ± 0.0095
0.128 ± 0.0144
0.151 ± 0.011
0.150 ± 0.028
0.207 ± 0.027
23.912b

72 h

Figure 1 Expressions of p53 in different groups at different time points after
hyperthermia (A), chemotherapy (B), themochemotherapy (C), radiation (D),
themoradiotherapy (E), and themochemoradiotherapy (F).

Group A: hyperthermia; group B: chemotherapy; group C: themochermotherapy; group D: radiation; group E: themoradiotherapy; group F:
thempchempradiotherapy. bP < 0.01 in groups A-F. Comparison of average
optical density of Bcl-2, Bax and p53 genes in different groups was made
by mono-factor variance analysis. SNQ test was used to compare the two
groups.

A

B

Figure 2 Expressions of p53 before (A) and after thermochemoradiotherapy (B)
(SP, × 200).

RESULTS
Change in p53 gene expression
Down regulation of p53 expression was found in all the six
groups for treatment. The reduction of p53 expression in
group F was the highest and occurred at first. In contrast,
the reduction of p53 expression in group D was the lowest
and occurred at last. There was no significant difference
in the reduction of p53 expression in groups A, C and E.
The extent of reduction in the above mentioned groups
was significant in comparison to that in groups B and D.
The extent of reduction of p53 expression was greater in
group B than in group D.
Dynamic analysis showing reduction of p53 expression
was begun immediately in group F after the treatment.
The lowest level of p53 expression was found 48 h
after the treatment. The optical density was reduced
50% in comparison to that before treatment, and then
elevated again 48 h after treatment. p53 expression was
down regulated gradually in groups A, C and E 2 h

after treatment, and elevated again in group C 48 h after
treatment. p53 expression was down regulated gradually
in groups B and D, 4 and 12 h following treatment
(Figures 1 and 2).
The average optical densities of p53 in different groups
48 h after treatment were analyzed by SNQ test (Table 1).
There was no statistical difference between groups A and
B, groups A and C, groups A and E (P = 0.425, P = 0.129,
P = 0.279), though statistical differences were found
between groups D and E (P = 0.014, P = 0.000). There
was no statistical difference between groups B and A,
groups B and E (P = 0.129, P = 0.279), but between
groups B and D, groups B and F (P = 0.014, P = 0.000).
There were statistical differences between groups D and C,
groups D and E, groups D and F (P = 0.001, P = 0.000,
P = 0.000) while no statistical difference occurred between
groups C and E (P = 0.97). On the other hand, statistical
difference was identified between groups C and F (P =
0.001). These results indicated that p53 expression was
significantly down regulated in group F in comparison
to other groups and the combined therapy had a greater
ability to down regulate p53 expression than any single
therapy.
Change in Bcl-2 gene expression
Down regulation of Bcl-2 expression was demonstrated in
six groups. The lowest level of Bcl-2 expression was first
observed in group F. Hyperthermia by itself (in group A)
could not greatly down regulate Bcl-2 expression. Down
regulation of Bcl-2 could be enhanced when hyperthermia
was combined with chemotherapy (in group C) or radiation
(in group E), but obvious effect of down regulation was
found in group E compared to group C.
Dynamic analysis indicated that down regulation
of Bcl-2 expression was observed in group F 2 h after
treatment and the greatest reduction occurred 48 h
after treatment and then elevated. In group A, Bcl-2
expression was down regulated temporarily 4 h after
hyperthermia, then began to increase at 8 h and returned
to the original level at 12 h. Down regulation of Bcl-2
gene was observed again at 24 h following hyperthermia.
There was no significant difference at various time
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Figure 3 Expression of Bcl-2 in different groups at the different time points after
hyperthermia (A), chemotherapy (B), themochemotherapy (C), radiation (D),
themoradiotherapy (E), and themochemoradiotherapy (F).

A

B

Figure 4 Expression of Bcl-2 before (A) and after thermochemoradiotherapy (B)
(SP, × 400).

points. Down regulation of Bcl-2 gene was identified 8
h after chemotherapy (in group B) and Bcl-2 expression
was down regulated in group D after an additional 4 h.
Bcl-2 expression increased at 48 h after chemotherapy
and kept stable at 48 h following radiation (in group D).
Down regulation of Bcl-2 gene was demonstrated 4 h after
themoradiation (in group E) and Bcl-2 decreased in group
C after an additional 4 h. Bcl-2 expression increased at 48 h
following treatment in groups C and E (Figures 3 and 4).
The average optical densities of Bcl-2 in different
groups 48 h after treatment were analyzed by SNQ test
(Table 1). Statistical differences were found between
groups A and B, groups A and D, groups A and C, groups
A and E, group A and F (P = 0.03, P = 0.021, P = 0.008,
P = 0.003, P = 0.001). However, there were no statistical
differences between groups B and D, groups B and C,
groups B and E, groups B and F (P = 0.339, P = 1.000,
P = 1.000, P = 0.054). No statistical differences existed
between groups D and C, groups D and E (P = 0.905,
P = 0.356). On the other hand, statistical differences
www.wjgnet.com
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Figure 5 Expression of Bax in different groups at the different time points after
hyperthermia (A), chemotherapy (B), themochemotherapy (C), radiation (D),
themoradiotherapy (E), and themochemoradiotherapy (F).

were shown between groups D and F (P = 0.040). There
were no statistical differences between groups C and E
(P = 0.999) though statistical differences were indicated
between group C and F (P = 0.040). Finally, there were no
statistical difference between groups E and F (P = 0.078).
The results indicated that Bcl-2 expression was significantly
down regulated in groups E and F in comparison to other
groups and the combined therapy demonstrated its greater
ability to down regulate Bcl-2 expression than any single
therapy.
Change in Bax gene expression
Up regulation of Bax expression was observed in six
groups. The highest Bax expression was first found in
group F. Once again hyperthermia by itself could not
obviously up regulate Bax expression which occurred at
last. Chemotherapy increased Bax expression (in group
B) followed by radiation (in group D). Bax expression
increased more significantly in group E than in group C.
Dynamic analysis indicated that Bax expression was
up-regulated gradually in group F 2 h after treatment.
The highest level was observed 48 h after treatment
and then decreased. Bax expression was up regulated 24
h after hyperthermia treatment (in group A), 4 h after
themoradiation (in group E), 8 h after themochemotherapy
(in group C), 8 h after chemotherapy (in group B), and
12 h after radiation (in group D), respectively (Figures 5
and 6).
The average optical densities of Bax in different groups
48 h after treatment were analyzed by SNQ test (Table 1).
Statistical differences were shown between groups A and
B, groups A and D, groups A and C, groups A and E,
groups A and F (P = 0.01, P = 0.012, P = 0.000, P = 0.029,
P = 0.000). However, there were no statistical differences
between groups B and D, groups B and C, groups B and
E (P = 0.988, P = 0.242, P = 0.952). On the other hand,
statistical differences existed between groups B and F
(P = 0.008). No statistical differences were observed
between groups D and C, groups D and E (P = 0.134,
P = 0.767), though statistical difference occurred between
groups D and F (P = 0.004). There were no statistical
differences between groups C and E (P = 1.000), but there
was between groups C and F (P = 0.028). Finally, there
was no statistical difference between groups E and F (P
= 0.059). The results indicated that Bax expression was
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Figure 6 Expression of Bax before (A) and after (B) thermochemoradiotherapy
(SP, × 400).

significantly up regulated in groups E and F compared
to other groups and the combined therapy had a greater
ability to up regulate Bax expression than any single
therapy.

DISCUSSION
p53 seems to play an important role in mediating DNA
damage induced by various drugs because mutations
in p53 are associated with decreased susceptibility to
chemotherapeutic agents[8], and there is evidence that p53
expression is also related to multidrug resistance (MDR)[9].
It was reported that human non-small-cell lung cancer
cell lines with mutant p53 have become more sensitive
to cisplatin following transduction of wild-type p53[10].
Finally, p53 molecule has been fused to chemotherapeutic
prodrugs to enhance its chemosensitizing properties. It
was originally shown that thymocytes readily undergo
apoptosis following exposure to γ -irradiation, but loss
of wild-type p53 dramatically reduces the number of
apoptosis cells[11]. Therefore, efforts to combine p53 gene
therapy with radiotherapy have focused on enhancing
the radiosensitivity of cancer cells lacking functional p53
to render them [12]. In our experiment, mutant p53 was
detected by immunohistochemical staining. We found that
themochemotherapy and themoradiation could significantly
down regulate mutant p53 expression. Down regulation
of mutant p53 enhances radio- and chemosensitivity
indirectly with the similar therapeutic effect produced
by p53 gene therapy combined with chemotherapy and
radiation. Furthermore, hyperthermia has a greater ability to
down regulate mutant p53 expression than radiotherapy or
chemotherapy. Combined hyperthermia with chemotherapy
and radiation can achieve the best result. A recent report
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also indicates that heat-induced growth inhibition of
transplanted neck squamous cell carcinoma (HNSCC) may
be correlated with the induction of p53-dependent Baxmediated apoptosis. Thus, p53 status appears to be one of
the useful parameters for predictive assays in hyperthermic
cancer therapy[13].
Bcl-2 family is a huge family comprising various members,
which are key regulators of apoptosis, tissue homeostasis,
and protection against pathogens [14] . High levels and
aberrant patterns of Bcl-2 expression have been reported in
colorectal, lung, gastric, renal and other cancers[15]. Elevation
of Bcl-2 protein expression contributes not only to the
development of cancer, but also to resistance against a wide
variety of anti-cancer agents[16]. The protection afforded by
Bcl-2 against chemotherapeutic agents defines a novel type
of drug resistance in which Bcl-2 over-expression does not
prevent drug entry and accumulation in tumor cells or the
interaction of drugs with their primary molecular targets.
Bcl-2 appears to block the transmission of signals originating
from cellular damage to molecular effectors of apoptosiss[15].
This allows cells to survive in the presence of other lethal
damage, repairing drug-induced damage after withdrawal
of the drugs. Via this mechanism, Bcl-2 essentially converts
anti-cancer drugs from cytotoxic to cytostatic, thus
increasing the chances of acquiring genetic alterations and
favoring the development of a more malignant phenotype.
Bcl-2 protein expression is negatively correlated with the
radiosensitivity of nasopharyhgeal carcinoma[17]. Our study
suggested that hyperthermia combined with chemotherapy
could enhance the ability of Bcl-2 to down regulate its
expression, although hyperthermia itself could not change
the expression of Bcl-2 gene significantly. This may be
one of the mechanisms of hyperthermia underlying the
enhancement of radiosensitization and cytotoxicity of many
chemotherapeutic agents.
In contradiction to the Bcl-2 gene, Bax enhances cell
death. It was reported that when expression or mutation of
Bax gene is low in tumor tissue, cells resist apoptosis and
have no response to radiation and chemotherap[18]. On the
other hand, over-expression of Bax in human cancer cell
lines has been reported to induce apoptosis independently of
endogeneous p53 status and to enhance the chemosensitivity
or radiosensitivity of selected tumor lines[18]. Research in cell
line of childhood acute lymphoblastic leukemia indicates
that down regulation of Bcl-2 expression and up regulation
of Bax expression by radiation tend to be correlated with
increased radiosensitivity[19].
In the present study, expression of Bcl-2 gene was
relatively high and expression of Bax gene was low, the
ratio of Bcl-2 and Bax was high. However, the expression
of Bax was up-regulated significantly after treatment. Bcl-2
gene expression was down regulated in groups B-F. Down
regulation of Bcl-2 expression in group F was more obvious
than that in groups E and C as well as in groups D and B.
Although hyperthermia itself did not change Bcl-2 gene
expression, hyperthermia in combination with radiation
and chemotherapy increased down regulation of Bcl-2 gene
expression significantly, suggesting that hyperthermia can
enhance radio- and chemosensitivity.
Anti-cancer therapy itself can influence the expression
www.wjgnet.com
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of apoptosis-associated genes. Radiation and chemotherapy
can change the level of apoptosis[5]. A recent report indicates
that apoptosis induced by abating HSP70 expression may
enhance the sensitivity of human bladder cancer cells to
MMC[20]. In vitro study with malignant histiofibrocytoma cell
line has illustrated that the expression of Bax is up-regulated
in protein 30 min after 43℃ hyperthermia, accompanying
the change in mRNA[6]. In the present study, the extent of
up regulation of Bax expression in themoradiation group 24
h after treatment was greater than that in the hyperthermia
and radiation treatment groups. This phenomenon was not
found in the thermochemotherapy group.
In conclusion, hyperthermia in combination with
radio-and chemotherapy can achieve a better effect and
enhance changes in apoptosis-related genes though its
definite mechanism is still unknown. Further research is
required to determine the precise effect of hyperthermia
in combination with other therapies.

Background

In the past two decades there has been a great interest in application of
hyperthermia in conjunction with radiotherapy or/and chemotherapy in cancer
treatment. This is associated with a better understanding of several biological
parameters such as radiosensitization, chemoxicity, thermotolerance, as well
as complete changes in micromilieu, especially involving the microvasculature.
However, the pathways between apoptosis and hyperthermia remain unclear.

Research frontiers

We observed that hyperthermia at 43℃ for 60 min up regulated E-cadherin and
γ-catenin expression but down regulated β-catenin expression. Anti-cancer therapy
itself can influence the expression of apoptosis-associated genes. Radiation and
chemotherapy can change the expression of apoptosis.

The study investigated the expression of three apoptosis-related genes (Bcl-2,
Bax, p53) in human colon cancer transplanted into nude mice after hyperthermia,
chemotherapy and radiotherapy. The authors tried to set up an in vivo tumor
model, in which the effect of various treatment modalities and their combination
could be investigated. The authors used a histology based model to study the
protein expression related to the above mentioned three genes.
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The results of this study show that hyperthermia combined with chemotherapy
or/and radiation can change the expression of apoptosis genes such as p53,
Bcl-2 and Bax significantly when combined with chemotherapy or/and radiation
compared to hyperthermia itself. To our knowledge, no similar studies are available
at present.

Applications

According to the results of this study, the molecular mechanism of hyperthermic
radiosensitivity and chemosensitivity can be understood. In clinical practice,
hyperthermia in combination with radiation and chemotherapy can achieve a better
effect.

Terminology

(1) Hyperthermia: A therapeutic method by increasing tissue temperature
(range 40-43℃), potentially induces tumor cell death by a spectrum of
molecular, metabolic, cellular, and tumor tissue changes. (2) p53 gene: It is a
tumor suppressor gene, which is mutated or deleted in over half of all human
malignancies. Therefore, one strategy in cancer therapy focuses on the
replacement or over-expression of tumor suppressor genes. (3) Bcl-2: It is a huge
family composed of various members, which are key regulators of apoptosis. High
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levels and aberrant patterns of Bcl-2 expression have been reported in a wide
variety of human caners. (4) Bax: It is a pro-apoptosis member of the Bcl-2 family,
thought to induce apoptosis. Loss of Bax in genetically engineered mice results
in increased tumor incidence, suggesting that Bax may play a role in suppressing
tumor growth in vivo.
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Abstract
AIM: To compare the diagnostic yield of capsule
endoscopy (CE) with that of double-balloon enteroscopy
(DBE).
METHODS: Pubmed, Embase, Elsevier ScienceDirect,
the China Academic Journals Full-text Database, and
Cochrane Controlled Trials Register were searched for
the trials comparing the yield of CE with that of DBE.
Outcome measure was odds ratio (OR) of the yield. Fixed
or random model method was used for data analysis.
RESULTS: Eight studies (n = 277) which prospectively
compared the yield of CE and DBE were collected. The
results of meta-analysis indicated that there was no
difference between the yield of CE and DBE [170/277 vs
156/277, OR 1.21 (95% CI: 0.64-2.29)]. Based on sub
analysis, the yield of CE was significantly higher than
that of double-balloon enteroscopy without combination
of oral and anal insertion approaches [137/219 vs
110/219, OR 1.67 (95% CI: 1.14-2.44), P < 0.01), but
not superior to the yield of DBE with combination of the
two insertion approaches [26/48 vs 37/48, OR 0.33 (95%
CI: 0.05-2.21), P > 0.05)]. A focused meta-analysis
of the fully published articles concerning obscure GI
bleeding was also performed and showed similar results
wherein the yield of CE was significantly higher than that
of DBE without combination of oral and anal insertion
approaches [118/191 vs 96/191, fixed model: OR 1.61
(95% CI: 1.07-2.43), P < 0.05)] and the yield of CE was
significantly lower than that of DBE by oral and anal
combinatory approaches �������
[11/24 vs 21/24, fixed model:
OR 0.12 (95% CI: 0.03-0.52), P < 0.01)].
CONCLUSION: With combination of oral and anal
approaches, the yield of DBE might be at least as high as
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that of CE. Decisions made regarding the initial approach
should depend on patient’s physical status, technology
availability, patient’s preferences, and potential for
therapeutic endoscopy.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Small intestine is the middle part of digestive tract, due to
its anatomic location, structural characteristics, and physiological functions, it is difficult to inspect via gastroscopy
and colonoscopy. Push endoscopy is limited in that it only
allows inspection of the proximal small intestine for variable distances. Intraoperative endoscopy has not met with
widespread acceptance for the requirement of open laparotomy with surgically assisted passage of the endoscope
through the intestine, although it has been considered the
most reliable procedure for several years[1]. The diagnostic yield and accuracy of other modalities such as barium
study, DSA, radionuclide and computerized tomography,
magnetic resonance imaging is poor. All these make the
management of small bowel disease exceptionally difficult.
The techniques of capsule endoscopy (CE) and
double-balloon enteroscopy (DBE) are regarded as excellent tools for the diagnosis and treatment of small-bowel
disease, as well as for complementary procedures. Considerable research has demonstrated that they were more
effective than other diagnostic modalities[2,3]. It’s confusing,
however, when a choice should be made between the two
advanced tools. Gay et al[4] concluded that indication and
route for DBE could be determined according to the outcome of CE. The protocol has been widely accepted in developed countries and it seems effective, but it means that
patients should undergo and pay for both of these two
expensive items. It’s not clear whether the above protocol
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was a good choice judging from the cost benefit. The aim
of the present study was to assess the diagnostic efficacy
of CE and DBE and to determine the optimal diagnostic
procedure for patients with small bowel disease.

MATERIALS AND METHODS
Participants
Patients with symptoms indicating organic small bowel disease such as obscure GI bleeding, abdominal pain (functional GI diseases should be excluded), diarrhea etc., had
been enrolled in the included studies, they had undergone
gastroscopy, colonoscopy and other diagnostic modalities
without positive findings.
Search strategy
The electronic databases: Pubmed (1966 to February,
2007), Embase (1980 to February, 2007), Elsevier ScienceDirect (1995 to February, 2007), the China Academic
Journals Full-text Database (1979 to February, 2007), and
Cochrane Controlled Trials Register (Issue 1, 2007) were
used for systematic literature searches. We employed the
text words: capsule endoscopy, video capsule endoscopy
combining with double-balloon endoscopy, double-balloon
enteroscopy, push-and-pull enteroscopy, as search terms.
The search of abstracts presented at the proceedings of
Digestive Disease Week (USA) and the World Congress of
Gastroenterology was also performed.
Description of included literature
Literature was searched and prospective studies were collected. When two or more publications from one institution appeared to review the same patients, only the most
recent study results were included. CE and DBE should
be performed on each patient successively in included
studies, so the diagnostic yields of two tests are able to be
compared under equal conditions. All papers should be examined independently for eligibility by two reviewers. Disagreements were resolved by consulting a third reviewer.
Statistical analysis
Data were entered into the Cochrane Collaboration review
manager software RevMan 4.2.8 (The Cochrane Collaboration, Oxford, U.K.). The odds ratios of diagnostic yields
of the two tests were examined as a measure of the outcome. Heterogeneity among the studies was assessed by
chi-square test. Statistical significance for the test of heterogeneity was set at 0.10. If significant heterogeneity exists, it would be inappropriate to combine the data for further analysis using a fixed-effects model, alternatively, the
random model was used for calculations, then sub analyses
for the meta-analysis was planned according to the cause
of heterogeneity.

RESULTS
One hundred and sixty-three pieces of literature were initially identified using the search strategy described. One
hundred and fifty-three articles were excluded after preliminary review for not having comparative studies, leaving
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Potentially relevant trials identified from search strategy. (n = 163)

One hundred and fifty-three articles were
excluded after preliminary review of the titles.

Literatures retrieved for detailed evaluation. (n = 10)
Two articles were excluded for no prospective trials. (n = 2)

Eight trials met inclusion criteria: 5 full-text articles and 3 abstracts. (n = 8)

Figure 1 Trial search flow for meta-analysis.

10 for detailed evaluation by two independent reviewers.
Among these 10 potentially appropriate studies, an article
retrospectively studied the yield of CE and DBE[5] and a
review[6] were excluded. Finally, eight pieces of literature
with 277 subjects met inclusion criteria, to include 5 fully
published articles and 3 abstracts (Figure 1).
Description of the studies
Most patients suffered obscure GI bleeding. Besides, two
patients with diarrhea and one patient with unclear weight
loss were included in Damian’s study[7]. Three patients in
Wi’s study[8] complained of chronic abdominal pain, one
of them was excluded from statistics because his final
diagnosis was functional GI disease. Nine patients with
polyposis in Matsumots’s study[9] were excluded from data
analysis because their diagnosis had been made in advance
and multi-segments of GI tract were involved.
In Nakamura’s study[10], two patients did not undergo
DBE for severe cardiopulmonary impairment, one patient
with anal bleeding was identified as having colon cancer
before DBE, one patient suddenly declined DBE just before the examination, so the data of the 4 patients were
deleted from statistical analysis. All patients of the other 7
studies underwent both CE and DBE.
Double blind method was used in five studies: physicians evaluating CE and DBE should be blinded to the results of the other method. Matsumoto et al[9] did not mention this aspect in their paper. In Mehdizadeh’s[11,12] study,
CE was performed prior to DBE. In Hadithi’s trial[13], the
endoscopists were aware of the identity and clinical presentations of the patients, and of the results of the VCE
at the time of performing DBE, but the outcome of his
study indicated that the detection rate of CE was superior
to DBE. Lesions causing GI bleeding were classified and
counted in six studies. Capsule retention occurred in three
patients. No DBE related adverse events were reported
(Table 1).
Among 277 subjects of the 8 studies, one hundred
and seventy patients produced findings via CE and 156 by
DBE. Homogeneity test of each OR displayed that heterogeneity did exist, the random model was used for calculations. The summary OR was 1.21 (95% CI: 0.64-2.29).
There was no significant difference between the yield of
CE and DBE (Figure 2).

www.wjgnet.com

4374

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

August 28, 2007

Volume 13

  Number 32

Table 1 Description of the included studies (CE/DBE)
Researcher (yr)

Case number
enrolled in study

Kameda N[14] (2006)1
Hadithi M (2006)
Nakamura M (2006)
Matsumoto T (2005)
Wi JH (2006)1
Damian U (2006)1
Mehdizadeh S (2006)
Zhong J[15] (2004)

Mean age

24
35
32
13
11
28
188
24

62
63
59
48
44
60
58
39

Male patients
number
9
22
21
7
5
Not reported
85
16

Case number
enrolled in analysis

Positive findings

24
35
28
13
10
28
115
24

15/16
28/21
17/12
10/6
7/9
19/14
63/57
11/21

Complication
1/0
0
0
0
0
0
0
2/0

Double blind
method
Yes
No
Yes
Yes
Yes
Not reported
No
Yes

1

Abstracts from national meetings.

Study
or sub-category
Damian U
Hadithi M
Kameda N
Matsumoto
Mehdizadeh S
Nakamura M
Zhong J
Wi JH

CE

DBE

n /N

n /N

19/28
28/35
15/24
10/13
63/115
17/28
11/24
7/10

OR (random)
95% CI

Weight
%

14/28
21/35
16/24
6/13
57/115
12/28
21/24
9/10

277
Total (95% CI)
277
Total events: 170 (CE), 156 (DBE)
2
2
Test for heterogeneity: Chi = 17.40, df = 7 (P = 0.02), I = 59.8%
Test for overall effect: Z = 0.58 (P = 0.56)

OR (random)
95% CI

13.94
14.11
12.95
8.87
20.19
14.14
10.59
5.21

2.11
2.67
0.83
3.89
1.23
2.06
0.12
0.26

[0.71, 6.25]
[0.92, 7.77]
[0.25, 2.72]
[0.72, 21.06]
[0.73, 2.07]
[0.71, 5.98]
[0.03, 0.52]
[0.02, 3.06]

100.00

1.21 [0.64, 2.29]

0.1 0.2 0.5 1 2
5 10
Favours DBE
Favours CE

Figure 2 Comparison of the yield of CE and DBE (All studies).The existence of heterogeneity was confirmed (chi2 test, P = 0.02), random model was used. The summary
OR was 1.21 (95% CI = 0.64-2.29). There was no significant difference between the yield of CE and DBE (P = 0.56).

Sub analysis
Homogeneity test displayed that there was heterogeneity
in the meta-analysis. After reviewing each study intensively,
we discovered that there were two insertion approaches
applied in DBE procedures: oral and anal approaches. In
some studies, two insertion approaches were combined: if
no lesions were identified by one approach, the other one
was performed, or all patients underwent both of the two
approaches; in the other studies, most patients underwent
just single DBE procedure, regardless of whether lesions
were found or not. Single insertion approach could hardly
cover the whole GI tract, so the detection rate it yielded
was inevitably lower compared to the combination of
both approaches. Therefore, we performed sub analysis
according to the DBE insertion approaches used in each
study. The method that DBE should be performed in each
patient with combination of two insertion approaches
was not used in 5 studies including 219 subjects, while the
combination method was used in 2 studies including 48
subjects. Wi et al[8] did not mention the DBE insertion approaches used in his abstract, therefore the data was given
up in further sub analyses. The result of sub analysis indicated that the yield of CE was significantly higher than
that of DBE without the combination of the two insertion approaches [137/219 vs 110/219, fixed model: OR
1.67 (95% CI: 1.14, 2.44), P < 0.01)] (Figure 3A); while the
www.wjgnet.com

detection rate of DBE with combinatory oral and anal
routes was higher, though not significantly, than that
of CE, [26/48 vs 37/48, random model: OR 0.33 (95%
CI: 0.05, 2.21), P > 0.05)] (Figure 3B). Unfortunately,
the sample size in this study was not large enough to
lead to an absolute conclusion, we expect that this difference will tell us more if the we enlarge the sample
size.
Meta-analysis focused on fully published literature on
obscure GI bleeding
Since meta-analyses are rigorous exercises that need to be
subject to peer review, it seems that the data of abstracts
from national meetings may not be reliable; abdominal
pain and diarrhea will have incredibly low yields on DBE
and CE and most will be functional, therefore, we focused
the analysis on the fully published papers concerning
obscure bleeding. Focused analysis also revealed the significantly higher yield of CE compared to DBE when the
combination of two approaches was not used [118/191 vs
96/191, fixed model: OR 1.61 (95% CI: 1.07, 2.43), P <
0.05)] (Figure 4A); and the yield of CE was significantly
lower than that of DBE when combinatory insertion approaches were used [11/24 vs 21/24, fixed model: OR 0.12
(95% CI: 0.03-0.52), P < 0.01)], just one study was included however (Figure 4B).
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A

Study
or sub-category
Damian U
Hadithi M
Matsumoto T
Mehdizadeh S
Nakamura M

CE

DBE

n /N

n /N

19/28
28/35
10/13
63/115
17/28
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OR (fixed)
95% CI

Weight
%

14/28
21/35
6/13
57/115
12/28

Total (95% CI)
219
219
Total events: 137 (CE), 110 (DBE)
2
2
Test for heterogeneity: Chi = 3.34, df = 4 (P = 0.50), I = 0%
Test for overall effect: Z = 2.61 (P = 0.009)
0.1 0.2 0.5 1

2

Favours DBE

B

Study
or sub-category

CE

DBE

n /N

n /N

OR (fixed)
95% CI

11.09
10.35
3.41
63.53
11.62

2.11
2.67
3.89
1.23
2.06

100.00

1.67 [1.14, 2.44]

[0.71, 6.25]
[0.92, 7.77]
[0.72, 21.06]
[0.73, 2.07]
[0.71, 5.98]

O-E
0.00
0.00
0.00
0.00
0.00

Variance
0.31
0.30
0.74
0.07
0.30

5 10
Favours CE

OR (random)
95% CI

Weight
%

01 Twe insertion routes of DBE were combined
16/24
Kameda N
15/24
21/24
Zhong J
11/24
48
48
Subtotal (95% CI)
Total events: 26 (CE), 37 (DBE)
2
2
Test for heterogeneity: Chi = 4.09, df = 1 (P = 0.04), I = 75.5%
Test for overall effect: Z = 1.14 (P = 0.25)

52.46
47.54
100.00

0.1 0.2 0.5 1

0.83 [0.25, 2.72]
0.12 [0.03, 0.52]
0.33 [0.05, 2.21]

O-E

0.00
0.00

Variance

0.37
0.55

Total (95% CI)
48
48
Total events: 26 (CE), 37 (DBE)
2
2
Test for heterogeneity: Chi = 4.09, df = 1 (P = 0.04), I = 75.5%
Test for overall effect: Z = 1.14 (P = 0.25)

Favours DBE

OR (random)
95% CI

100.00

2

0.33 [0.05, 2.21]

5 10
Favours CE

Figure 3 A: Comparison of the yields of CE and DBE without combination of the two insertion approaches. The yield of CE was significantly higher than that of DBE when
the combination of two approaches was not used (fixed model, P = 0.009); B: Comparison of the yields of CE and DBE with the two insertion approaches combined. The
yield of DBE with combinatory oral and anal routes was moderately higher than that of CE (random model, P = 0.25).

Comparison of counting Statistics of various lesions
identified by the two endoscopies
Lesions detected in 239 patients with obscure GI bleeding
were gathered from 6 studies and counting statistics were
calculated. There was no significant difference in detection
rate of various lesions listed below between the two endoscopies. (SPSS11.0, chi-square test, The P values less than 0.05
were considered to be statistically significant, (Table 2).

DISCUSSION
CE and DBE are both advanced inspection items. They
have common indications and quite different features. CE
can cover the whole GI tract; the procedure requires no
sedation[6] and is better tolerated. Its major limitations are
the inability to obtain a biopsy, precisely localize a lesion,
or perform therapeutic endoscopy. Additionally, it may
provide false-positive and false-negative findings due to
its incontrollable movement and low-resolution pictures it
takes. It was recently reported that CE missed an advanced
small-intestinal cancer that was later diagnosed with push
enteroscopy[16], suggesting that CE is not an exclusive
procedure but should instead be complementary to other
diagnostic tools in the assessment of small intestinal pathology. On the contrary, DBE has more advantages in
that it is much better adjusted because the movement of

the scope can be handled according to the viewing angle
and observation time needed; it can provide high-quality
pictures, biopsy availability and therapeutic endoscopy[17,18].
DBE can be considered the gold standard if the whole
small intestine were inspected. It appears to be equally as
effective for the management of small-bowel lesions compared with intraoperative enteroscopy, and is associated
with fewer complications[19,20]. Alternatively, it is not able
to visualize the whole GI tract unless a combination of
oral and anal insertion approaches is performed. The procedure is invasive and not as well tolerated as CE, requiring
additional staff, typically two physicians or an additional
nursing assistant.
The meta-analysis indicated that the yield of CE was
higher compared to DBE with a single insertion approach,
but might be lower than that of DBE with a combination
of oral and anal approaches. Currently, most patients will
have DBE that is capsule-directed, and therefore physicians should be able to find the majority of lesions that are
causing bleeding, taking into account that the course is less
invasive and more likely to be accepted. Though CE is a
highly sensitive modality for the diagnosis of small bowel
disease, it cannot always provide a right instruction for
DBE due to the potential false-positive and false-negative
findings produced. In Mehdizadeh’s series, CE found a
potential bleeding source in 63 patients, but 22 (34.9%)
www.wjgnet.com
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DBE

n /N

n /N

10/13
28/35
17/28
63/115
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OR (fixed)
95% CI

Weight
%

6/13
21/35
12/28
57/115

Total (95% CI)
191
191
Total events: 118 (CE), 96 (DBE)
2
2
Test for heterogeneity: Chi = 3.13, df = 3 (P = 0.37), I = 4.1%
Test for overall effect: Z = 2.28 (P = 0.02)
0.1 0.2 0.5 1

2

Study
or sub-category

CE

DBE

n /N

n /N

01 Twe insertion routes of DBE were combined
21/24
Zhong J
11/24
Subtotal (95% CI)
Total events: 11 (CE), 21 (DBE) 24
Test for heterogeneity: no applicable
Test for overall effect: Z = 2.85 (P = 0.004)
Total (95% CI)
24
Total events: 11 (CE), 21 (DBE)
Test for heterogeneity: no applicable
Test for overall effect: Z = 2.85 (P = 0.004)
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OR (fixed)
95% CI

3.84
11.64
13.07
71.45

3.89
2.67
2.06
1.23

100.00

1.67 [1.07, 2.43]

[0.72, 21.06]
[0.92, 7.77]
[0.71, 5.98]
[0.73, 2.07]

O-E

  Number 32
Variance

0.00
0.00
0.00
0.00

0.74
0.30
0.30
0.07

O-E

Variance

0.00

0.55

5 10

Favours DBE

B
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Favours CE
OR (fixed)
95% CI

Weight
%

OR (fixed)
95% CI

100.00
100.00

0.12 [0.03, 0.52]
0.12 [0.03, 0.52]

100.00

0.12 [0.03, 0.52]

24

24

0.1 0.2 0.5 1
Favours DBE

2

5 10
Favours CE

Figure 4 A: Comparison of the yield of CE and DBE without combination of the two insertion approaches (focused on the fully published papers on obscure GI bleeding).
The yield of CE was significantly higher than that of DBE when the combination of two approaches was not used (fixed model, P = 0.02); B: Comparison of the yield of CE
and DBE with 2 insertion approaches combined (focused on the fully published papers on obscure GI bleeding). The yield of DBE with combinatory oral and anal routes
was significantly higher than that of CE (fixed model, P = 0.004), just one study was included however.

Table 2 Counting statistics of various lesions identified by CE
and DBE in patients with obscure GI bleeding

Angiodysplasia or phlebangioma
Tumor
Polyp
Ulcer
Erosion
Crohn disease
Diverticulum
Fresh blood and clot or red spot
Others
Total
Patients number

CE

DBE

P value

76
15
9
20
11
4
1
7
3
146
239

62
23
2
20
4
7
5
2
7
132
239

0.189
0.236
0.062
1
0.113
0.544
0.216
0.176
0.339
0.228

of them received negative results in the following DBE
procedure. In Hadithi’s series, eight (28.6%) patients had
positive findings on CE, whereas these lesions could not
be verified by DBE. The inclusion of all lesions detected
by CE, even trivial, may partly explain the large number of
false positives. The fact that in the majority of cases DBE
actually visualized only the jejunum, thereby decreasing its
detection rate may provide an alternate explanation. It is
clear that a single insertion procedure of DBE could not
provide a full-scale evaluation for the multi-segment involving or multi-segment originating diseases like Crohn’s
www.wjgnet.com

disease and polyposis. In fact, we cannot determine whether an identified lesion is localized until the whole GI tract
was inspected, therefore a second DBE should usually be
considered. The procedure of DBE in combination with
the two insertion approaches may prove to be more sensitive and the outcomes would be more reliable. At the same
time, there will be no need for the course and charge of
CE if the diagnosis was made by a single DBE procedure
or when a second DBE could not be avoided. This would
be more economical in some countries like China (Table 3).
Funnel plot (Figure 5) for the analysis of publication
bias was performed on the six studies in which the DBE
was carried out with single insertion approach, visual inspection of the plot revealed no evidence of publication
bias. The number of the fully published papers was too
small to analyze the publication bias and more studies on
comparison of the yield of DBE with combinatory insertion approaches to CE are needed.
In summary, our study displayed that CE and DBE are
both effective modalities for diagnosis of small bowel diseases. A capsule-directed DBE procedure might be better
tolerated; the procedure of DBE with combination of oral
and anal approaches might be more sensitive and the outcome might be more reliable (Figure 6). Choice for initial
test should depend on patient’s physical status, available
technology, patient’s preferences, and potential for therapeutic endoscopy. On the other hand, more studies are needed
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0.4
0.8

Cost per patient evaluated (RMB: Yuan)
8500
3746
12246
15992
7492

F i g u re 5 Funnel
plot for the analysis
of publication bias
on the studies in
which the DBE was
performed without
combination of the
two approaches.

0.0 SE (log OR)

Table 3 Cost analysis (according to the charging standard in
China, 2006)

CE
DBE
CE + DBE × 1
CE + DBE × 2
DBE × 2
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1.2
1.6

0.1

0.2

0.5

1

A patient with suspicious small bowel disease who needs small bowel inspection
The physical
status is poor.

A less invasive modality
is preferred.
CE
No lesion is identified;
further ascertainment or
therapeutic endoscopy is
needed.
DBE
No lesion is identified1 or
multi-segment involving
lesion is found

A full-scale small bowel
inspection is preferred
or an intervention might
be required.

CE
A diagnosis is
made, no need
for CE
DBE

Second DBE

1

Including that both CE and first DBE are negative, or about 30% of
positive results from CE which cannot be verified by first DBE.

to evaluate the yield and accuracy of DBE with combinatory oral and anal insertion approaches compared to CE.
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Abstract
AIM: To discuss the safety of donors during living donor
liver transplantation (LDLT) and the authors’ experience
with 50 cases.
METHODS: Between January 1995 and March 2006, 50
patients with end-stage liver disease received LDLT in
our department. Donors (at the age of 27-58 years) were
healthy and antibody (ABO)-compatible. The protocol
of evaluation and selection of donors, choice of surgical
methods and strategy applied in the safety evaluation of
donors were analyzed.
RESULTS: A total of 115 candidate donors were
e va l u a t e d f o r L D LT a t o u r c e n t e r. O f t h e s e , 5 0
underwent successful hepatectomy for living donation.
The elimination rate for donors was 43.5%. Positive
hepatitis serology and ABO incompatibility were the main
factors for excluding candidates. All donors recovered
uneventfully. The follow-up time ranged from 3 to
135 mo. The incidence of major and minor medical
complications was 12.0% and 28.0%, respectively.
CONCLUSION: LDLT provides an excellent approach to
the problem of donor shortage in China. With a thorough
and complete preoperative workup and meticulous intraand postoperative management, LDLT can be performed
with minimal donor morbidity.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Global shortage of cadaveric organs has been a serious
obstacle to the development of liver transplantation (LTX),
limiting the application of this life-saving therapy[1]. Living-donor liver transplantation (LDLT), as an innovative
surgical technique to expand the available donor pool, has
become popular in recent years. It was initially performed
in Sao Paulo, Brazil, in 1988[2]. The recipients, from a Brazilian case series, died of medical complications shortly
after the procedure. This was soon followed by a report
from Strong et al[3] in Australia and Broelsch et al[4] in USA
in 1989. Subsequently, the procedure was developed both
in Asia and USA. In early 1990s, almost all the recipients
were children. Removal of a partial left liver lobe for donation is a more conservative surgical procedure and has
been shown to have a low risk for morbidity and mortality.
With the experience in pediatric cases and cadaveric splitliver transplantation, LDLT has finally been extended to
adult patients using mainly right lobe grafts. The first right
hepatic lobe LDLT was reported in 1994[5], which has led
to a dramatic increase in adult-to-adult right hepatic lobe
LDLT.
Despite the advantages of LDLT, the procedure
has received criticism for the risk it imposes on healthy
persons who will undergo a major operation without
any potential health benefit. There have been several
cases reported about donor death and significant donor
morbidity (as high as 67%) [6-8]. It is clear that the risk
of living liver donation is not negligible. The dictum
“primum non nocere” (first do no harm) for the donor
should remain the central factor for the whole process
of LDLT[9].
In response to the shortage of cadaveric organs
and a continually growing waiting list, the first case of
LDLT in Chinese mainland was initiated at our center
in 1995. The recipient, a man with primary liver cancer,
received the left liver graft from his wife. Since then
LDLT activity in Chinese mainland has been increasing
rapidly. Accordingly, there is a greater concern for the
safety of donors. However, no systemic reports on the
safety of living liver donors are available in China. This
study was to analyze the data of donors for LDLT in
our center to illuminate the factors affecting the safety
of donors.
www.wjgnet.com
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MATERIALS AND METHODS
From January 1995 to March 2006, 50 patients including
14 adults (aged 18 years or older) underwent LDLT at the
First Affiliated Hospital of Nanjing Medical University.
The age of donors ranged from 27 to 58 (mean 36.4 ±
12.3) years. Forty-nine donors fulfilled relationship within
the third degree of consanguinity with recipients and 1
donor was a volunteer having good relationship with the
recipient. Characteristics of donors are listed in Table 1.
Evaluation and selection of donors
The criteria for donor selection among different centers,
and a thorough evaluation process consisting of three to
six stages in most centers are described elsewhere[10,11]. The
donor evaluation protocol was designed for testing proceeded from simple and noninvasive to more complex and
invasive, assuming continued donor willingness and lack of
contraindications to donation. Testing assured the donor
safety and then evaluated the quality of graft. The minimal
age for consideration was 20 and the upper age limit 60.
The donor-recipient pair must be blood group identical or
compatible. The donor evaluation protocol followed at our
center is outlined in Table 2.
When a potential recipient came to our center, he and
his family members were informed of the need for an
early liver transplantation and provided with information,
upon their request, regarding living donor transplantation
without specific reference to those who might be an appropriate candidate for liver donation. If the family members agreed to receive LDLT, the risks and benefits of the
procedure would be explained in general. Initial counseling
focused on the evaluation protocol, with emphasis on invasive testing, surgical procedure, and all possible risks of
the donor hepatectomy. The donor should make the decision voluntarily, without any coercion. To reduce the pressure on potential donors, informed consent was obtained
in the absence of other family members. The donor was
given the opportunity to withdraw at any time, with the assurance that an excuse would be provided by the transplant team.
Only after informed consent was made, could the
evaluation of donors for medical or surgical suitability be
commenced. Acute or chronic medical illness was excluded
by a detailed history and physical examination, and all donors were screened by laboratory tests including complete
blood cell count, liver and renal biochemistry values, and
viral serologic studies. Positivity of hepatitis B surface
antigen, human immunodeficiency virus antibody, or hepatitis C virus antibody constituted an outright ineligibility
of the potential donor. Donors with diabetes mellitus or
hypertension under regular control were not rejected. The
psychologic status of the potential donor was assessed by
a clinical psychologist. High-resolution abdominal ultrasonography (US) was performed to evaluate the quality
of liver parenchyma, exclude the presence of tumors, and
confirm the patency of blood vessels. Chest radiography
and electrocardiography were performed to exclude cardiopulmonary disease. Computed tomography (CT), CT
volumetry, multiple detector three-dimensional CT angiography, and three-dimensional magnetic resonance (MR)
cholangiography were performed to assess liver volume
and identify unsuspected intra-abdominal pathology and
www.wjgnet.com
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Table 1 Evaluated donor demographics (n = 115)
Evaluated donors
Age (yr, range,
mean ± SD)
Weight (kg,
mean ± SD)
Sex
Relationship to
recipient

Evaluated and accepted
donors
27-58 (36.4 ± 12.3)
53.7 ± 12.9
M
F
Mother
Father
Wife
Husband
Uncle
Sister/brother
Volunteer

Evaluated and rejected
donors
31-55 (37.4 ± 10.6)
64.4 ± 14.3

13
37
33
12
2
0
1
1
1

23
42
16
28
9
3
5
4
0

Table 2 Current donor evaluation protocol at the First
Affiliated Hospital of Nanjing Medical University
Basic
requirements
Step Ⅰ

Step Ⅱ

Step Ⅲ

20–60 yr
Relationship: relatives or unrelated volunteers
Blood type: identical or compatible
Clinical evaluation: initial informed consent, history and
physical examination
Laboratory: blood group, liver and renal function
Serology: HBsAg, HBsAb, HBcAb, anti-HCV, anti-HIV
Clinical examination: psychological evaluation
Laboratory: hematology, coagulation profile, blood sugar,
electrolytes, HLA typing, cross-matching, alpha-1antitrypsin, ferritin, tumor markers (AFP, CEA,CA199,
CA50), arterial blood gas,urine and stool analysis,
pregnancy test (female)
Serology: HBV DNA, RPR, antibody for CMV, EBV, HSV,
varicella and rubella viruses
Imaging study: Chest radiograph, abdominal ultrasound,
ECG
Imaging study: CT angiography and volumetry, MR
cholangiography

anomalous vasculature incompatible with donation. Liver
biopsy was not routinely performed in our center. If there
was radiographic evidence of fatty infiltration or parenchymal liver disease, even with normal liver function, echoguided liver biopsy of the segments to be donated was
performed. If a questionable result arose from the standard protocol, more testing may have been indicated.
After completion of each step, the donors’ statuses
were reevaluated and a decision of whether to proceed was
made by the transplant team. The Ethics Committee of
the First Affiliated Hospital of Nanjing Medical University
approved the surgical procedures.
Donor evaluation continued in the operating room
with intraoperative cholangiography and ultrasonography.
These studies were used for planning operative strategy
and excluding the presence of prohibitive anatomical variations not detected by the preoperative work-up.
Surgical procedures for donors
The donors were prepared on the operating table with
care to avoid sores at the pressure points. The abdomen
was entered through a bilateral subcostal incision with a
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Table 3 Exclusion criteria for 65 potential donors
Step

Exclusion

n

Ⅰ

Clinical evaluation
Blood type
Diabetes
Hepatitis B (core Ab +)
Hepatitis C
Autoimmune hepatitis
Psychological evaluation
Cardiac evaluation
CT or MRI findings
CT volumetry (steatosis-GRBW)
Second consent

4
27
1
17
2
1
1
2
1
3
6

Ⅱ
Ⅲ
Ⅳ

GRBW: graft recipient body weight.

vertical midline extension. Harvesting of the left lobe of
liver from a living donor was performed as previously described[12,13]. The left hepatic artery was dissected, exposing
the left portal vein lying posteriorly. After complete left
portal vein dissection, the bile duct or ducts were sharply
transected at the edge of the graft. Finally, parenchymal
dissection was performed using an ultrasonic dissector
along the line marked on the liver surface according to intraoperative ultrasonogram, and all tubular structures were
ligated or sutured.
For right lobectomy, the surgical technique has been
described in detail elsewhere. After mobilization of the
right lobe, the hilar plate was lowered and the right bile
duct or ducts were divided sharply. All portal vein branches
to the caudate process were divided and ligated. The right
lobe of liver was then rotated toward the left side for division of right triangular ligament and tiny venous branches
between the anterior surface of the inferior vena cava and
posterior surface of paracaval portion of the caudate lobe.
The right hepatic vein and the right inferior hepatic vein
larger than 5 mm were preserved for reimplantation. Transection was done with both electrocautery and an ultrasonic dissector. The stumps of the right hepatic artery, right
portal vein, and hepatic veins were closed with continuous
nonabsorbable surgical sutures.
The grafts were harvested without blood vessel clamping or graft manipulation in order to optimize their viability. Intraoperative ultrasonography was performed to
identify the presence of a large inferior hepatic vein (accessory left or right hepatic vein) and to study the junction
of the middle hepatic vein with the inferior vena cava.
After cholecystectomy, operative cholangiography via cystic duct cannulation was performed to study the bile duct
anatomy. In all cases, the graft was immediately transferred
to the back-table for flushing of the hepatic artery and
portal vein with preservation fluid at 4℃ and prepared for
implantation.
Postoperative management
The donors were cared for in the intensive care unit with
attention to adequate tissue oxygenation and perfusion.
Antimicrobial medications were prescribed to prevent
infection. Parenteral nutrition consisting of a mixture of
branched-chain amino acid-enriched solution, dextrose,
and medium- and long-chain triglycerides was administered
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in all donors immediately after the hepatectomy to stimulate liver regeneration. Oral nutrition was encouraged once
bowel activity returned. Chest physiotherapy and incentive
spirometry were routinely given. Early ambulation was advocated. Daily laboratory monitoring continued until liver
function normalized and hemoglobin and electrolytes were
stable.
Follow-up
Outcomes related to complications and ongoing symptoms were defined as medical outcomes. A major medical
complication was defined as a medical problem requiring
surgical or procedural repair, hospitalization, or intravenous therapy. A minor medical complication was defined
as a medical problem either resolved spontaneously or requiring oral medical therapy.
A specific research assistant was in charge of the whole
follow-up. The methods were taken including record table,
telephone follow-up and return visit.
Statistical analysis
Data are expressed as mean ± SD. Statistical analysis was
completed by using SPSS 10.0 (SPSS Inc, Chicago, IL).

RESULTS
A total of 115 candidate donors were evaluated for LDLT
at our center. Of these, 50 underwent successful hepatectomy for living donation. A total of 65 potential donors
(56.5%) were excluded at different points of the work-up.
Positive hepatitis serology and ABO incompatibility were
the main contraindications to donation. After the first step,
volunteers withdrew from donation due to effects from
family, relatives and society, with society being the main
reason for exclusion. Reasons for exclusion of potential
donors are listed Table 3.
Donor livers were resected from segments Ⅱ, Ⅲ, and
(including
the middle hepatic veins) in 36 cases, segⅣ
ments Ⅱ, Ⅲ, and part of Ⅳ (not including the middle
hepatic veins) in 4 cases, segments Ⅴ, Ⅵ, Ⅶ, and Ⅷ (not
including the middle hepatic veins) in 9 cases and segments
Ⅴ, Ⅵ, Ⅶ, and Ⅷ (including the middle hepatic veins) in
1 case. The mean measured graft volume was 246 ± 57 g
in pediatric recipients and 736 ± 189 g in adult recipients.
The average graft/recipient weight ratio (GRWR) was (1.21
± 0.43)%. Two child patients, who received small-graft
with a GRWR less than 0.8%, recovered without any serious complications.
The mean duration of the operation from skin incision
to closure was 7.6 ± 1.2 h and the mean blood loss was
450 ± 130 mL. The mean stay of donors in the intensive
care unit (ICU) was 1.2 ± 0.4 d and the mean hospital stay
was 9.3 ± 1.8 d. In the immediate postoperative period, all
donors exhibited a significant transient elevation of liver
enzymes and hyperbilirubinemia on postoperative day.
Normalization of serum transaminases and total bilirubin
was accomplished by postoperative d 5 to 7. In contrast,
prothrombin time exhibited a mild postoperative elevation
that declined to normal level within 3 d. During followup, CT showed that the remaining liver in the right-lobe
www.wjgnet.com
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Survival
Complications
Major
Biliary leak
Pneumonia
Initial stage of liver dysfunction
Pleural effusions
Minor
Delay in return to normal bowel function
Pain
Sore throat
Foot paresthesias
Persistent short-term memory loss
Chronic fatigue
Ongoing symptoms
Yes
No
Abdominal discomfort
Scar numbness
Loss of appetite, nausea
Poor appetite
Diarrhea
Weakness
Nausea
Difficulty sleeping
Sought other physician assistance
Yes
No

  Number 32

n (%)
50/50 (100)

DISCUSSION

6/50 (12.0)
2
2
1
1
14/50 (28.0)
5
3
2
2
1
1

The development of LDLT in China experiences three
stages: pediatric living donor liver transplantation (PLDLT),
adult-to-adult living donor liver transplantation (ALDLT),
emergency or high-urgency living donor liver transplantation (ELDLT). To ensure the safety of donors, we identified three basic principles for the selection of donors:
independent decision on donation, no contraindication
for donation, and avoidance of coercion in the process of
donation. These principles were strictly fulfilled with no
exceptions.
The evaluation process may involve invasive liver biopsy, angiography, and endoscopic retrograde cholangiopancreatography, etc. With advances in radiologic evaluation of the liver, donors can be safely evaluated and liver
resection approaches can be planned with new imaging
techniques. In our series, CT volumetry, multiple detector,
three-dimensional CT angiography, and three-dimensional
magnetic resonance (MR) cholangiography were employed
to provide an accurate picture of liver vascular anatomy
and liver volume measurement for surgery.
Kubota et al[14] showed that individuals with normal
liver function could tolerate resection of up to 60% of
nontumorous liver. The present data, albeit limited, indicate that residual liver volume, accounting for 27% of the
total volume, is the lowest limit for supporting survival,
provided that the liver itself is not fatty. To allow a safety
margin, the residual liver volume, accounting for 30% of
the total volume, is probably the lowest limit. Accordingly,
CT volumetry should be routinely performed because the
volume of the resected graft could be quite variable.
Liver biopsy is not performed only upon indication.
If there is radiographic evidence of fatty infiltration or
parenchymal liver disease, even with normal liver function,
echo-guided liver biopsy from the segments to be donated
is performed. The amount of steatosis is a matter of concern because fatty liver is probably more vulnerable to
injury during ischemia-reperfusion. Liver grafts with a mild
degree of fatty change can be used for liver transplantation
without adverse effects. However, liver grafts with a moderate or severe degree of fatty change lead to primary graft
dysfunction in recipients[15]. Therefore, it is wise to limit
the macroscopic fat content to less than 10% and even
lower when the planned resection volume exceeds 60%.
Our lower and upper age limits were set at 20 and 60
years, respectively. The minimal age of 20 years mainly
concerns the issue of informed consent. There are some
issues on which the upper age limit should be set. It was
reported that liver transplantation with grafts from donors
older than 65 years can achieve good results[16]. To lower
the risk of donors and recipients, we set the upper age
limit at 60 years.
Parents are the majority of donors for pediatric patients, but the parents of adult recipients are frequently
not candidates for donation due to their advancing age
or underlying disease. The “one-child” policy in China

28 (56.0)
22 (44.0)
15
6
3
3
2
1
1
1
12 (42.9)
16 (51.1)

Major and minor complications are defined in Methods. Under ongoing
symptoms, the number of symptoms reported is greater than 28.

donors grew as large as (or larger than) the original one
after 10 to 14 mo, whereas the recovery time of the leftlobe donors was 6 to 11 mo. Maximum liver growth occurred within the first month after donation, followed by a
gradual increase during the first postoperative year.
The follow-up time ranged from 3 to 135 mo. Followup was not lost for any one. Up to March 2006, the first
living donor in Chinese mainland, who donated her left
liver graft to her husband, was followed up over 11 years.
She was in good health and returned to work. The mean
recovery time of 41 donors who were followed up for
more than 6 mo, was 6.0 ± 1.5 mo, the mean time to return to work was 8.0 ± 1.0 mo, and 35 of them returned
to normal work even earlier.
No reoperation was performed and no death occurred
in this series. Six of the 50 (12.0%) patients had major
complications. One donor suffered from symptoms at the
initial stage of liver dysfunction, which disappeared after
conservative management. Two donors had biliary leakage
requiring percutaneous drainage and antibiotic treatment.
One donor required chest tube placement because of right
pleural effusions. Two donors had pneumonia, requiring antibiotics intravenously. Fourteen of the 50 (28.0%)
patients had minor complications related to the operation
and were managed conservatively. Complications included
delayed bowel function, pain, sore throat, foot paresthesias, persistent short-term memory loss and chronic
fatigue. Symptoms occurred at the time of survey in 28
patients (56.0%). These symptoms led 12 patients to seek

www.wjgnet.com

Volume 13

medical intervention and resolved after treatment. Medical
outcomes are listed in Table 4.

Table 4 Donor medical outcomes
Donor medical outcomes
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limits the availability of siblings as donors. Consequently,
genetically unrelated donors may be necessary alternatives
to conventional living donation for adults. However, any
commercially available human organs must be extremely
forbidden. In our series, one man with severe liver failure due to hepatitis B and cirrhosis needed timely liver
transplantation. Since his wife and relatives were excluded
because of medical or psychological reasons, he finally received the right liver graft from his friend.
In our study, positive hepatitis B serology was the main
reason for exclusion besides ABO incompatibility. Positive
hepatitis B serology occurred in 26.2% of potential donors. Because of the high prevalence of hepatitis B virus
infection in China, whether donors with positive hepatitis
B core antibody should be ruled out is still controversial.
Four anatomic grafts have been described for LDLT[17],
including the entire right liver lobe (Couinaud segments ⅤⅧ), the entire left liver lobe (Couinaud segments Ⅱ-Ⅳ),
the left lateral segment (Couinaud segments Ⅱ-Ⅲ), and
the extended right liver (Couinaud segments Ⅳ-Ⅷ). The
type of graft selection depends mostly on the size disparity
between the donor and recipient. In general, the left lobe
comprising segments Ⅱ-Ⅳ (including or not including the
middle hepatic veins) is used for pediatric recipients and
segments Ⅴ-Ⅶ (including or not including the middle hepatic veins) for adult recipients.
Whether graft resection for LDLT includes the middle
hepatic vein is an important issue. Maema et al[18] have
reported their experience in living donor left lobectomy
with (extended left lobe) or without (standard left lobe)
resection of the middle hepatic vein. They believe that
venous outflow is essential to both function and regeneration[18]. Inadequate outflow results in decreased segmental
portal flow and poor segmental regeneration. Even when
no grafts are grossly congested, regeneration is clearly impaired in grafts but not in the middle hepatic vein, suggesting that the right lobes should be used.
Sufficient medical data indicate that segments Ⅱ-Ⅲand
part of segment Ⅳ (not including the middle hepatic veins)
can be removed and would not compromise the donor’s
metabolic potential. In the series, LDLT was performed in
4 cases with removal of segments Ⅱ-Ⅲ and part of segment Ⅳ (not including the middle hepatic veins). Although
the graft volume met the metabolic demand of the recipient, graft congestion due to poor venous outflow delayed
recovery of the recipient postoperatively. As experience
and confidence grow, extended left lobectomy (segments
Ⅱ-Ⅳ, including the middle hepatic veins) is wildly applied
in LDLT in our center. LDLT was performed in 36 cases
and extended left lobectomy in 2 cases whose GRWR was
0.97% and 1.06%, respectively. Both donors and recipients
recovered uneventfully and were in good health. We concluded by reconstructing middle hepatic vein tributaries or
other accessory venous tributaries, graft congestion, apt to
thrombosis and graft dystrophia or primary dysfunction
due to poor venous outflow can be solved properly.
To overcome the barrier of graft size matching for
adult recipients, right lobectomy was performed for ALDLT in our study. This method was initially described by
Habib and Tanaka[19], who attempted to harvest a left lobe
for LDLT when anatomic considerations favored a right-
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lobe hepatectomy. We consider that for right lobe grafts,
inclusion or exclusion of the middle hepatic vein depends
mostly on the size disparity between the donor and recipient, as well as the adequacy of graft volume, remnant liver
volume, and configuration of the hepatic venous anatomy.
If the size of the donor and recipient is similar, right lobectomy (Couinaud segments Ⅴ-Ⅷ, not including the
middle hepatic veins) is preferred to ALDLT in our center.
To avoid graft congestion, the right inferior hepatic vein
larger than 5 mm can be reconstructed to secure adequate
drainage.
If the size disparity between the donor and recipient
is conspicuous (the size of the recipient was much bigger
than that of the donor), extended right lobectomy (Couinaud segments Ⅳ-Ⅷ, including the middle hepatic veins)
can be employed to obtain an adequate graft volume.
Utilization of extended right lobe liver grafts (the middle
hepatic veins) in ALDLT was introduced by the University
of Hong Kong Medical Center in 1996[20]. We first performed extended right lobe-LDLT in 2005. About 60%
of the donor liver volume was resected for donation. The
donor suffered from symptoms at the initial stage of liver
dysfunction, which disappeared after conservative treatment. We consider that it is necessary to leave the donor
with a residual liver volume, accounting for at least 30% of
the total liver volume, and to use grafts containing minimal
fatty to secure the safety of donors.
To ensure that the remnant liver regenerates quickly
after operation, intraoperative trauma to the remnant liver
must be minimal. Thus, we exercised the liver carefully
and intermittently rotated the right lobe during mobilization, exerted no Pringle maneuver during liver transection, reconstructed the falciform ligament to prevent left
lobe rotation into the right subphrenic cavity, and initiated
postoperative parenteral nutrition support to stimulate
liver regeneration[21]. Methylene blue was injected into the
common bile duct via the cystic duct cannula to detect bile
leakage from the right hepatic duct stump and transection
surface.
In conclusion, LDLT can achieve acceptable survival
and solve the issue of donor availability. We believe that
with a thorough and complete preoperative workup and
meticulous intraoperative and postoperative management,
LDLT can be performed.
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group (13.3% vs 9.3%, χ = 0.478, P > 0.05).
CONCLUSION: VNTPS procedure and Deng’s precut
are highly effective methods to get biliary access during
ERCP with DBC. With skillful techniques, it can increase
the successful rate for deep cannulation of biliary duct
and decrease complications. VNTPS technique, especially
Deng’s precut is as effective and safe as EST. This
technique can be well performed in hospitals without
particular equipments.
© 2007 WJG . All rights reserved.

Abstract
AIM: To retrospectively investigate the effect and safety
of various new type precut sphincterotomy techniques
(VNTPST) in endoscopic retrograde cholangiopancreatography (ERCP) due to difficult biliary duct cannulation
(DBC).
METHODS: A plough-like pull-type sphincterotome
(PLPTS) or improved short nose sphincterotome or
improved needle knife was applied. VNTPST was carried
out in 30 of 280 patients, whose biliary tract could not
be exposed well or deep cannulation was difficult to
perform during ERCP with traditional methods. Patients
were followed up for short-term complications and the
therapeutic effect of VNTPS was observed and compared
with that of traditional endoscopic sphincterotomy (EST).
RESULTS: A total 280 patients underwent ERCP, of
which 3 failed in operation because of pathological
features in stomch or duodenum, 247 successfully
underwent traditional ERCP (89.1%, 247/277), 30 failed
(10.8%, 30/277). VNTPS technique succeeded in 24
(80%, 24/30) of 30 cases. The successful rate of deep
biliary duct cannulation increased 8.6% (24/277), the
total cannulation successful rate following precut was
97.7%. There was a significant difference between the
2
two groups (97.7% vs 89.1%, χ = 17.1, P < 0.01).
The incidence of complications was 9.3% (26/277) for
traditional ERCP group and 13.3% (4/30) for VNTPS
technique group. Guideline tip was broken in pancreatic
d u c t ( K P D G P ) o f one pat ie nt , and t he re was no
pancreatitis, slight or moderate bleeding postoperatively
occurred in 2 patients, 1 patient had bleeding during
operation (PDWN). There were no differences between
VNTPS technique group and traditional ERCP (TRERCP)

Key words: Endoscopic retrograde cholangiopancreatogr
aphy; Difficult deep cannulation; Varied new type precut
sphincterotomy techniques; Postoperative complications
Deng DH, Zuo HM, Wang JF, Gu ZE, Chen H, Luo Y, Chen M,
Huang WN, Wang L, Lu W. New precut sphincterotomy for
endoscopic retrograde cholangiopancreatography in difficult
biliary duct cannulation. World J Gastroenterol 2007;
13(32): 4385-4390
http://www.wjgnet.com/1007-9327/13/4385.asp

INTRODUCTION
McCune reported ERCP in 1968 for the first time[1]. In
China, ERCP was imported by Peking Union Hospital in
1974. Dr. Ming-Zhang Chen initially reported endoscopic
sphincterotomy (EST), but it has a lower successful rate.
With the advances in surgical techniques and equipments,
the successful rate for ERCP was 96.1% in 1990s in China[2],
which is similar to the international reports[3,4]. Due to various factors, catheter cannot always be inserted into the bile
duct successfully, leading to failure in TERCP.
Precut was initially reported by Siegel[5], the successful rate for ERCP can go up with the success of precut.
It was reported that the successful rate for precut is
77%-91% [6,7]. The application of precut is limitted [8-11]
because more complications occur, few reports on its use
are available.
We retrospectively analyzed the clinical data obtained
from 280 cases and evaluated the effect and safety of
VNTPST in diagnostic and therapeutic endoscopic retrograde cholangiopancreatography (DTERCP) with DBC.
www.wjgnet.com
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MATERIALS AND METHODS
Patients
Two hundred and eighty patients underwent ERCP in our
hospital from April 2004 to September 2006, of them
247 succeeded in TRERCP, 30 (13 males, 17 females,
aged 26-88 years, with a mean age of 66 years) failed,
and 24 succeeded in percut technique. Among the 30
cases, 7 were diagnosed as Oddi’s sphincer stenosis (OSS)
combined with choledocholithiasis, 2 as inlayed choledocholithiasis, 8 as simple constrictive papillitis (one as
combined juxtapapillary diverticula), 3 as pancreatic head
carcinoma, 2 as duodenal papilla carcinoma, 1 as papillary
adenomatoid hyperplasia, 3 as ampullary carcinoma and
distal bile duct cancer (DBDC), 2 as common bile duct
inflammatory strictures, 2 as upper and middle bile duct
carcinoma combined with inflammatory papilla stenosis.
GF240 electric duodenal endoscope and PLPTS were
from Olympus Company. Modified short nose sphincterotome or needle knife was a plough-like pull-type
sphincterotome (PLPTS). An Olympus’s high-frequency
electrosurgical unit and several kinds of guide wire were
used in all procedures.
Procedures
Preoperative preparation was the same as the standard
ERCP. Patients underwent standard ERCP at first, followed by VNTPST when deep cannulation was difficult.
Modified pancreatic sphincter precutting (MPSP):
Before precut, the exact direction of incision was determined and some movements were made in the correct direction as previously described (Figure 1 A-C)[12]. Incision
was made in 10-12 o’clock point from the papillary orifice.
The pure precut currently used was set at index 3.5-4.5,
precut was performed by exerting pressure with the wire
at the roof of PLPTS. The spin and PLPTS were lifted
and the precut length was about 0.5-0.8 cm. The incision
was extended in the submucosa until biliary effusion was
detected. The precut was successful when catheter or
guide wire was inserted into the common bile duct (CBD).
General EST was performed with guide wire. A needleknife precut was used if biliary cannulation failed. MPSP
was more effective for type “Y” pancreaticobiliary ductal
junction or type “ Ⅴ ” without papillary stenosis. The
pancreatic sphincter could be inserted with the help of
guide wire or scalpel. PSP was not available for type “Ⅱ”.
No bleeding and perforation occurred. MPSP was safe
and less dangerous, but complications such as pancreatitis occurred. Electrical coagulation and blending current
should be limited
Precut down with needle (PDWN): When biliary cannulation was unsuccessful due to papillary stenosis, ampullary edema or abnormal ampullary anatomy (Figure 2 A-D).
PDWN improved by PLPTS should be applied. To expose
the needle (3-5 mm in length), the power source was set
at index 3.5-4.5 with the exact direction adjusted. Incision
was made in the 11 o’clock direction to the papillary orifice. The electric current index depended on the ampullary
size and the edema degree. The incision was extended in
www.wjgnet.com
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Figure 1 Different MPSP precut methods (A-C).

A

C

B

D

Figure 2 Before precut down with needle knife (A, B) and after precut
(C, D).

layers from the papilla duodenal mucosa to the bile duct
sphincter or bile seepage, then a catheter assisted with
ultra-slipping guide wire was inserted into the bile duct.
PDWN was performed repeatedly if biliary cannulation
failed. When the bile duct sphincter was exposed or the
incision was very deep, and the bile duct orifice could not
be found or a catheter could not be inserted, it suggested
that the anatomy of common bile duct was abnormal and
precut should be stopped. Otherwise biliary duct or duo-
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A
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Figure 3 Before precut up with needle knife (A) and after precut (B).

A
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A

B

C

B

Figure 5 Precut with up-removal orifice technique (A, B) and after precut (C).

C

D

The depth of incision by SNKP was easy to control, not
resulting in perforation, but it was not so convenient in
comparison with a needle knife for duodenal ampulla calculus incarceration.
Pancreatic duct guideline precut (PDGP): A short
nose knife or needle-knife was inserted into the papilla
orifice while keeping the pancreatic duct guideline. The
direction and depth could be controlled by pancreatic duct
guide wire, which was not convenient for the small aperture endoscope.

Figure 4 Before Deng'S precut (A-C) and after Deng'S precut (D).

denum perforation might occur. Since perforation would
occur after EST due to moving up of the incision orifice
after precut, EST should not be very long.
Precut up with needle (PUWN): PUWN was suitable
for the mini papilla with a small orifice (Figure 3 A-B).
The pure cutting current was used in the course, with the
papilla adjusted to the left side of the visual field, the wire
(3 mm) exposed, the needle anchored at the orifice. The
bridge or elevator rotating the endoscope in the direction
of anticlockwise was lifted while the current was applied
for incision. PUWN was performed. The following step
was the same as PDWN. This kind of precut might cause
pancreatitis and the depth of incision was variable and
uncontrolled. PUWN was not performed when the pailla
orifice was not detectable.
Short nose knife precut (SNKP): SNKP could be performed when papilla orifice was variable. A short nose
knife was inserted into the orifice in 11 o’clock direction
with pure cutting current until a seepage of bile was detected, then a standard catheter was inserted into CBD.

Mucosal bridge precut (Deng’s precut): When PLPTS
was inserted into the bile duct with difficulty, the assistant
strained the knife tightly to bend the sphincterotome, with
the knife action adjusted in line with bile duct axis, and
inserted the PLPTS tip from the papillary orifice, the hard
guideline piercing through the ampullary duodenal mucosa,
cut the ampullary duodenum side mucosal bridge until a
seepage of bile was detectable, then inserted the guideline
or the catheter into the duct (Figure 4 A-D). The performance could be followed by NKF if the attempt failed. This
method could also be applied in patients with inflammatory
papilla stenosis or combined upward papillary diverticula.
Up-removal orifice technique (UROT): This technique
was applied when bile duct cannulation could not be achieved
for the papilla orifice or bending endoscope could not be
lifted up to the orifice (Figure 5 A-C). The assistant strained
PLPTS tightly and tried to access the orifice with PLPTS tip,
then raised the papilla mucosa and cut it for removing the
orifice. When the bile duct axis was exposed after UROT,
normal standard cannulation was easily performed.
Bending or rotating endoscope technique(BERET):
When the papilla could not be lifted due to pathological
www.wjgnet.com
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chi-square test. P < 0.05 was considered statistically
significant.

RESULTS

Figure 6 Before (A) and after precut (B) with bending endoscope technique (B).

A

B

Figure 7 Before (A) and after PDGC (B).

A

B

Figure 8 Before (A) and after comprehensive technique (B).

changes or postoperative adhesions in the duodenum,
which may result in standard cannulation failure, deep cannulation could be achieved by bending or rotating endoscope (Figure 6 A and B).
Pancreatic duct guideline cannulation (PDGC): When
the knife was inserted into the pancreatic duct repeatedly, the guide wire might be kept in the pancreatic duct,
then the knife or catheter must be inserted into bile duct
through the endoscopic biopsy duct (Figure 7 A and B).
Comprehensive technology (CT): When incision could
not be made by one single method, other precut procedures such as NKF, could be performed in combination
until cannulation was achieved (Figure 8 A and B).
Statistical analysis
Data were expressed as percent and processed with
www.wjgnet.com

A total of 280 consecutive patients underwent ERCP
with a standard catheter, of them, 3 gave up the operation
because of pathological changes in stomach or in duodenum, 247 succeeded (89.1%, 247/277), 30 failed (10.8%,
30/277). Twenty-four of the 30 cases (80%, 24/30) succeeded in VNTPS technique. The successful rate for deep
duct bile cannulation was increased 8.6% (24/277), the
total successful cannulation rate following precut reached
97.7% (271/277). There was a significant difference between them (97.7% vs 89.1%, χ2 = 17.1, P < 0.01).
Among the successful cases, 2 succeeded in MPSP,
3 in PDWN, 2 in PUWN, 1 in SNKP, 2 in PDGP, 2 in
Deng’s precut (one was inflammatory papilla combined
with upward papilla diverticula), 3 in UROT, 2 in BERET, 1 in KPDGC. Comprehensive technology achieved
success in 6 cases and failed in 6 cases. Among the unsuccessful cases, 1 was diagnosed as OSS combined with
cholelocholithiasis, 1 as pancreatic head carcinoma, 2 as
duodenal papilla carcinoma, 1 as distal bile carcinoma, 1
as lower segmental stenosis of common bile duct (over
1.5 cm in length).
The incidence of complications in traditional ERCP
was 9.3% (26/277). The final diagnoses included suppurative cholangitis in 2 cases (1 was cured with conservative
treatment, 1 underwent surgical therapy), acute severe
pancreatitis in 2 cases, mild acute pancreatitis in 8 cases,
bleeding during sphincterotomy in 4 cases, massive hemorrhage in gastrointestinal tract in 1 case, moderate bleeding after phincterotomy in 2 cases, transient abdominal
pain and jaundice in 2 cases, cholangitis in 2 cases, transient cerebropathia in 2 cases, fever in 1 case. Mortality
was not related to the endoscope.
The complication rate in VNTPS technique group was
13.3% (4/30). The tip of the soft wire was broken in the
pancreatic duct of 1 case. Pancreatitis was not found in
PDGP. Mild to moderate bleeding occurred in 2 cases
and cured after procedure (PDWN). One patient with
bleeding during operation (PDWN) was also treated with
norepinephrine rinse, submucosal injection of epinephrine and electric coagulation, no other severe complications were found. There were no differences between
VNTPS technique group and conventional ERCP
group(13.3% vs 9.3%, χ2 = 0.478, P > 0.05). These finding suggest that VNTPST was one of the approaches
when standard techniques failed.

DISCUSSION
The standard cannulation technique of ERCP can achieve
satisfactory effects, especially application of ultra-slipping
guide wire increases the successful rate for bile duct cannulation and declines the incidence of complications. In
our study, 247 cases in TRERCP group were successfully
treated with a successful rate of 89.1% (247/277). Complications occurred in 26 cases, the incidence of complications was 9.3% (26/277), which is consistent with the
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reported data both in China and in foreign countries[13-15].
Although the successful rate for standard ERCP is high
at present, the selective bile duct cannulation failure rate is
5%-10%. Due to anatomic and physiological factors such
as shortage of common cholangiopancreatic duct, duodenal diverticulum, small ampullary orifice, or cervical of
the ampulla, it is difficult to perform selective biliary cannulation. Pathologic conditions, such as Oddi’s sphincer
stenosis, duodenal inflammation, ampulla and papillary
neoplasms, impacted calculi, may result in cannulation
failure. However, VNTPST plays a salvage role in solving
such cannulation difficulties. In our study, the successful
rate was 80% (24/30)and the incidence of complication
was 13.3% in VNTPST group, which is in line with the
reported PSP both in China and in foreign countries[13,15-17],
indicating that as long as precuts are skillfully performed,
VNTPST is safe and effective and plays an important role
in increasing the ERCP successful rate.
The precondition of PSP is that the tip of scalpel
should be inserted into the papilla orifice. In general, it
is often applied when pancreatic duct cannulation is performed repeatedly and TRERCP fails. The technique is
suitable for type “Y” or type “Ⅴ” pancreaticobiliary ductal
junction, especially for type “Y”. The advantage of PSP is
that the direction and depth are easy to control, but complications such as severe pancreatitis may occur, because
pancreatic duct edema may occur after PSP [17]. In our
study, the pure current was applied to the MPSP precut,
and the direction of incision was made at the 10-11 o’
clock direction, thus avoiding the occurrence of edema
and trauma in pancreatic duct orifice and pancreatitis
after MPSP. MPSP cannot be applied to the small papilla orifice since PLPTS cannot be inserted into the
pancreatic duct. For type V in particular, sometimes it
is not easy to achieve such a succees, PDWN or PUWN
should be performed. For the impacted stones in duodenal ampulla or duodenal ampulla mass, it is not as
convenient as needle knife.
Needle-knife is the major tool for precut[17]. In this
study, needle knife was used in 19 cases (19/30, 63.3%)
with PDWN or PUWN or PDGP or comprehensive technology, the successful rate was 68.4% (13/19). During
the procedure, the tip of the needle should be put in the
middle of visual area. If cannulation of the CBD through
the opening is difficult, cannulation can be achieved with
needle knife technique in most cases.
Due to carelessness of nurses, the soft wire was not replaced by a hard one. The tip of soft wire was broken off
in the pancreatic duct (PDGP group) in 1 case, but there
were no postoperative complications. Bleeding occurred in
1 case when small blood vessels were cut by needle-knife,
but was stopped and no severe complication occurred.
Our data indicate that NPK is as successful and safe as
MPSP.
In Katsinelos study, 68 cases underwent needle knife
precut, bleeding occurred in 5 cases (7%) and AP in 3 cases (4%), which were treated with conservative therapy[18].
The complication rate in our study was 13.3%, which
is in line with the reported data[12], there were no severe
complications or death, indicating that the procedure is
highly successful and quite safe. Compared with TRERCP,
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postsphincterotomy hemorrhage often occurred after
needle knife precut, but it was minor and able to be treated
with epinephrine rinse or nephrine injection. One patient
had hemorrhage in our study and no adverse effect was
found after treatment. Abdominal pain should be closely
observed after precut to avoid perforation for which an abdominal image is necessary. Once perforation occurs, titanium
clips, gastrointestinal decompression and fast should be taken.
Compared with needle knife, although the depth of
incision is easy to control and may not result in perforation, SNKP is not so convenient for duodenal ampulla
calculus incarceration. When the direction is controlled by
pancreatic duct guidewire, PDGP is good for protruded
papilla but not for small aperture endoscope[19]. The papilla
orifice often cannot be turned up for the duodenum adherence or malformation after abdominal part operation,
UROT can move up the incision. When standard ERCP
is difficult to turn up the papilla orifice, BERET can be
performed. When the guide wire is inserted repeatedly into
the pancreatic duct, PDGP can avoid repeated catheter
insertion. When the bile cannulation is achieved, standard
ERCP follows. To improve ERCP successful rate, when a
single method cannot complete deep cannulation, CT can
be used in various precuts to obtain cannulation.
The reasons for the failure of cannulation in all kinds
of precut are as follows: The bile duct not found in 1 case
of OSS combined with cholelocholithiasis, the bile duct
distorted by neoplasm in 1 case of pancreatic head carcinoma, duodenal papilla carcinoma diagnosed in 2 cases,
unnecessary precut, 1 case of distal bile duct cancer and
distal stricture of CBD.
Based on our study, the operation indication should
be strictly controlled[20]. Precutting should be avoided for
diagnostic purposes because other available methods, such
as MRCP and endosonography can provide diagnostic information. Precut should be avoided if the distal stricture
of CBD is longer than 1.5 cm. When cannulnation of
the common bile duct is not possible after precut, ERCP
should be repeatedly performed 5-7 d later when edema
caused by precut relieves and cannulation can be achieved.
In conclusion, needle knife technique can be performed when orifice cannot be exposed for the inflamed
papilla or ampullary edema for which PSP is not available.
The exposed length of needle knife is determined according to the size and shape of papilla. The isolating sheath
should be fixed by nurse, otherwise intraperitoneal perforation may occur. Capillary hemorrhage in the NPK can
be stopped by electric coagulation combined with needle
knife. Perforation may occur in subsequent EST after the
precut in patients with cholelithiasis, therefore, the incision
size should not be too big in subsequent EST. The precut
should be slowly extended step by step, from ampullary
mucosa to submucosa in layers, finally ended up with a
seepage of bile detected or the bile duct sphincter tissue
seen. Both PUWN and PDWN can be used in patients
with duodenal ampulla calculus incarceration, whereas
PDWN should be carefully performed in patients with
small papilla. When distal stenosis of CBD is too long,
needle knife should be cautiously used. For a right bile
orifice, opening of the bile ducts may be found in the right
side of precut. PUWN is suitable for the small papilla with
a small orifice.
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COMMENTS
Background

McCune reported endoscopic retrograde cholangiopancreatography (ERCP) in
1968 for the first time, with the successful rate of 25%[1]. It was early applied in
clinical practice in 1972[21], and the therapeutic ERCP (TERCP) was developed.
Kawai and Nagai in Japan used endoscopic nasobiliary drainage (ENBD) for
acute obstructed suppurate cholangitis (AOSC) patients and achieved success
in 1978. In China, ERCP was introduced into Peking Union Hospital in 1974. Dr.
Ming-Zhang Chen initially reported endoscopic sphincterotomy (EST), but it was
not widely used for its complex technique and lower successful rate. With the
advances in surgical techniques and equipments, the successful rate for ERCP
was 84.0% in 1970s, and reached 93.5% in 1980s and 96.1% in 1990s in China[2],
which is similar to the international reports [3,4]. TERCP was initially applied in
early 1980s and has become an important method in treatment of biliary duct
and pancreatic disorders. The therapeutic ERCP for patients with biliary duct and
pancreatic disorders has achieved satisfactory curative effects on biliary duct
and pancreatic diseases in China[8]. The successful rate for different diagnostic
ERCP (DERCP) techniques depends on EST, which is associated with selective
and deep cannulation of the bile duct. Due to anatomy, physiology factors and
pathologic variation, the guide wire, catheter and scalpel cannot always be
inserted into the bile duct successfully, leading to failure in TERCP. So it is the key
step to various new type precut sphincterotomy techniques (VNTPST) in ERCP.

3

4
5
6

7

8

Research frontiers

Precut was initially reported by Siegel[5], the successful rate for ERCP can go up
with the success of precut. The so-call “precut” can be explained as following:
when biliary cannulation is difficult to perform, papilla and bile duct sphincters
need to be partially cut in advance for catheter insertion into the bile duct, then
the procedures could be well done. So it is different from the general EST. It
was reported that the successful rate for precut is 77%-91%[6,7]. The application
of precut is limitted[8-11] because more complications occur. Since needle shape
scalpel is very difficult to use and not safe during the precut papillotomy, few
reports on its use are available.

9
10
11
12

Innovations and breakthroughs

We first designed and reported the mucosal bridge precut (Deng's precut)
which is especially suitable for patients with inflamed papilla combined with up
papillary diverticula. The technique can correct the cannulation angle, and make
cannulation easy. It is safer than needle knife. We suggest that this procedure can
be extensively used because it is of higher successful rate and safety.

13

14

Applications

The study suggests that when efforts using standard techniques have failed in
ERCP and biliary access is required, Deng’s precut, a combined endoscopic “precut”
technique is available. In experienced hands of ERCP, the ratio of ERCP can be
increased with remarkable effects. Precuts appear to be as safe and effective as
standard EST and can be widely performed in large and middle-sized hospitals.

Terminology

VNTPST: various new type precut sphincterotomy techniques; MPSP: modified
pancreatic sphincter precutting; PDWN: precut down with needle; NDF: needle
knife; PUWN: precut up with needle; PDGP: pancreatic duct guideline precut;
Deng’s precut: mucosal bridge precut; UROT: up removal orifice technique;
BERET: bending endoscope or rotating endoscope technique; PDGC: pancreatic
duct guideline cannulation

Peer review

This is a well written paper. In the study, the authors retrospectively investigated
the effect and safety of VNTPST in ERCP for difficult biliary duct cannulation (DBC).
VNTPS and Deng’s precut are highly effective to get biliary access during ERCP
for DBC. They can increase the successful rate for deep cannulation and decrease
complications.
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Abstract
Listeria monocytogene is a well-recognized cause of

bacteremia in immunocompromised individuals, including
solid organ transplant recipients, but has been rarely
reported following orthotopic liver transplantation. We
describe a case of ����������������������������������
l���������������������������������
isteria meningitis that occurred
within a week after liver transplantation.�������������
T�����������
������������
he patient
developed ���������
a severe
������� headache
�����������������������
that ���������
mimicked������������
�����������
tacrolimus
encephalopathy������
, and ���������������������������
was �����������������������
subsequently diagnosed
���������� �����
with
listeria meningitis by c�������������������
erebrospinal fluid ���������
culture��. The
����
infection was successfully���������
���������������������
treated �����������������������
with three-������������
������������������
week��������
course
�������
of intravenous ampicillin. ����������
Recurrent ���������������������
hepatitis C followed
���������
and was successfully���������
treated �������������������������
with���������������������
interferon alfa and
ribavirin. F�����������������
ourteen cases of �����������������������������
l����������������������������
isteriosis after orthotopic
liver transplantation have been reported��������
in�����
the ��������
English
literature��.���������������
M�������������
��������������
ost reported cases
��������������������������������
were successfully treated
with intravenous ampicillin. There were four cases of
l������������������������
isteria meningitis, and������������������
���� �����������������
the mortality of �����
them ����
was 50%.
�����
E�������������������
arly detection and �������������
treatment of ������������������������
listeria meningitis ����
are�
the key to obtain�����������������������
ing��������������������
a
�������������������
better
�����������������
prognosis.
© 2007 WJG . All rights reserved.
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INTRODUCTION
is ��a �����������
well-known
Listeria monocytogene �( L��.�������������
������������
monocytogene) ���
environmental organism that is most often transmitted
to humans via contaminated foods such as milk and
cheese, undercooked meat, or uncooked vegetables.
Although L��.�������������
������������ has been isolated from the stool
monocytogene
of approximately 5% of healthy adults, disease caused
by the micro���������
��������������
organism �������
occurs ����������
primarily ���
in ����������
neonates,
pregnant women, and immunocompromised individuals[1].
Immunosuppression following organ transplantation has
been described as a risk factor for l�����������
������������
isteriosis and
��������������
there are
several���������
reports �������
in the �����������
literature of
��� occurrence
���������������������
following
2,3�]
renal and����������������������������
�������������������������������
bone marrow transplantation[����
. Occurrence
of l�����������
������������
isteriosis following
���������� liver
����������������������
transplantation� ���������
(LT)�����
has ����
not
been widely documented, especially ���������
l��������
isteria meningitis.
������������ We
���
describe a case of l��������
���������
isteria meningitis
���������� occurring in the early
post-orthotopic liver transplant period and review the
English literature on l�����������
������������
isteriosis ����������
following LT.
���

CASE REPORT
A 53-year-old Caucasian male underwent orthotopic LT
due to hepatitis C virus (HCV)-induced liver cirrhosis with
associated hepatocellular carcinoma. He was doing well
and afebrile before transplantation. White blood cell count
(WBC), total bilirubin, creatinine, and prothrombin time
international normalized ratio (PT INR) were 4500/mL,
0.8 mg/dL, 1.1 mg/dL, 1.1, respectively. The model for
end-stage liver disease (MELD) score was 8. Cefazolin
(6 g/d) was used for postoperative antimicrobial prophylaxis
for two days. Posttransplant immunosuppression included
oral tacrolimus and prednisone, and his early postoperative
course was uncomplicated. On postoperative day five,
he developed a severe, throbbing headache. His body
temperature was normal, WBC was 6200/mL and a CT
scan of the head revealed no abnormal findings. On
the following day, his mental status gradually declined.
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Figure 1 Laboratory profiles of this patient following liver transplantation. WBC: white blood cells; AST: aspartate aminotransferase; ALT: alanine aminotransferase; POD:
postoperative day.

Table 1 Cases of listeria infection following liver transplantation
Age (yr) Sex

Time postTx Clinical presentation

Clinical syndrome

Treatment

Outcome

Ref

66
39
63
66
46
55
57
56
41
47
8M
UNK
67
13

32 mo
7d
62 d
50 d
3 yr
4 mo
20 mo
8 mo
Unknown
Unknown
10 d
14 d
21 d
4 mo

Bacteremia
Bacteremia
Bacteremia
Bacteremia
Bacteremia
Bacteremia
Bacteremia and hepatitis
Bacteremia and hepatitis
Endocarditis and septic pulmonary emboli
Peritonitis and bacteremia
Meningitis, peritonitis, epididymitis and orchitis
Meningitis
Meningitis
Meningitis

Ampicillin
Ampicillin
Ampicillin
Ampicillin
Ampicillin Gentamicin
TMP/SMZ Gentamicin
Ampicillin
Ampicillin Gentamicin
Ampicillin
Ampicillin Amikacin
Ampicillin
Unknown
Unknown
Ampicillin

Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Survived
Died
Died

7
8
9
9
10
11
12
13
14
15
16
17
18
19

F
F
F
M
F
F
F
M
F
F
M
UNK
F
F

Fever, right flank pain, anorexia
Fever, abdominal pain
Fever, abdominal pain
Fever, abdominal pain
Fever, diarrhea, recurrent
Fever, confusion, diarrhea
Fever with chill
Fever, jaundice
Fever, malaise
Fever, malaise
Fever, rash, irritability, dyspnea
Unknown
Unknown
Fever, headache

Tacrolimus encephalopathy was suspected due to a high
tacrolimus trough level (22.9 ng/mL), and administration
of tacrolimus was temporarily discontinued. On the
seventh postoperative day, the serum tacrolimus level
decreased to 8.9 ng/mL, but his headache remained and he
became unresponsive. A CT scan showed extensive acute
hydrocephalus with no evidence of bleeding or herniation.
His body temperature increased to 39.1℃. and his WBC
elevated to 13 000/mL. The patient underwent lumbar
puncture and analysis of cerebrospinal fluid (CSF) revealed
a white blood cell count of 100/mL (69% segmented
neutrophils and 18% lymphocytes), protein level of 39
mg/dL, and glucose level of 69 mg/dL. L. monocytogene was
grown in culture from the CSF. Blood culture also yielded
the growth of L. monocytogenes. The diagnosis of listeria
meningitis was made and the patient was treated with
a three-week course of ampicillin. The patient became
afebrile and WBC decreased to 7600/mL on the following
day. The patient’s neurological findings gradually improved
but had persistent ventriculomegaly. Due to labile mental
status and persistent hydrocephalus of a CT finding, a VP
shunt was placed operatively on postoperative day (POD)
28. He had been stable since and his mental status became
baseline. On POD 20, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) gradually increased
(Figure 1), HCV RNA-b DNA level was markedly elevated
to > 7 961 230 IU/mL, and the recurrence of HCV was
diagnosed by liver biopsy. The patient was started on
interferon alfa and ribavirin, and AST and ALT levels
www.wjgnet.com

gradually decreased. He was discharged on the 48th d
following operation.

DISCUSSION
Immunosuppression following organ transplantation
has been described as a risk factor for listeriosis and
several cases have been described following bone marrow
and renal transplantation[2,3]. Nolla-Salas et al[4] recently
reported that liver cirrhosis should also be considered
a predisposing factor for listeriosis. Fourteen cases of
listeriosis following LT have been reported[5-17], in which,
only four occurrences of meningitis were reported,
three within three weeks and one within four months
following transplantation (Table 1). The patient age ranged
from eight months to 67 years (age not reported in one
case). Clinical symptoms included fever, headache, and
irritability. All patients with meningitis were treated with
intravenous ampicillin with a 50% mortality, though all of
the other listeriosis patients without meningitis survived
after antibiotic treatment including either ampicillin or
trimethoprim-sulfamethoxazole.
According to the centers for disease control and
prevention (CDC), L. monocytogene is the fifth most frequent
cause of bacterial meningitis [18]. It was reported that
listeriosis of the central nervous system is characterized
by a high mortality rate (20%-50%). A recent prospective
cohort study showed that the mortality rate even now
is 17%[19]. Stamm et al[20] reported that, in patients with

Mizuno S� et al. Listeria m�������������������������������������������������������
��������������������������������������������������������
onocytogenes ������������������������������������������
f�����������������������������������������
ollowing o�������������������������������
��������������������������������
rthotopic ���������������������
l��������������������
iver t��������������
���������������
ransplantation		

listeriosis after kidney transplantation, meningitis is also
associated with a significantly higher mortality (37%) than
listeriosis without meningitis (11%).
In our patient, the correct diagnosis was delayed
because of the appropriate initial thought that the
patient’s CNS symptoms were secondary to tacrolimus
toxicity. It is well known that tacrolimus-associated
encephalopathy demonstrates various symptoms, such
as tremor, convulsions, drowsiness, headache, nausea,
and cortical blindness. The risk of tacrolimus-associated
encephalopathy is significantly correlated with the
tacrolimus blood level.
The mode of transmission of L. monocytogene is not
clearly understood. It is well known that L. monocytogene
is widespread in nature, being found commonly in soil,
decaying vegetation, and as part of the fecal flora in many
mammals. Elsner et al[10], however, studied nosocomial
infections with L. monocytogenes in immunocompromised
patients and suggested that nosocomial food-borne and
person-to-person transmission could not be proven.
While this patient stayed at our hospital, there were no
additional cases of listeria infection among patients or
hospital staff. Transmission from the donor organ was also
excluded because the donor blood culture was negative for
listeria infection, and according to the information of the
united network for organ sharing (UNOS), the recipients
who received other organs from the same donor did not
develop listeriosis. We speculate that enteric previous
colonization is the rule in patients with listeriosis.
Vander et al[21] reported that inherent T cell dysfunction
caused by HCV infection may increase the susceptibility to
listeria infection. In our case, the patient underwent liver
transplantation because of chronic HCV infection and
hepatocellular carcinoma. He developed recurrent HCV
infection as demonstrated by a very high HCV-RNA level
in the early postoperative period (HCV RNA-b DNA > 7
961 230 IU/mL, HCV RNA-b DNA log > 6.89 log IU/
mL). This situation might have caused the patient to have
increased susceptibility to listeria infection.
Though our patient was successfully treated with
ampicillin, it is important to diagnose and treat as early as
possible because the prognosis of listeria meningitis is not
favorable.
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infection is pegylated interferon (peg-IFN) in combination
with ribavirin (RBV) [1]. This treatment exerts a variety
of immuno-modulatory effects and may unmask the
underlying autoimmune diseases such as autoimmune
thyroiditis and rheumatoid arthritis[2,3]. In a similar fashion,
interferon (IFN) was reported to induce or exacerbate
autoimmune hepatitis (AIH) [4-7]. We describe a patient
who developed fulminant hepatic failure with AIH during
the treatment with peg-IFN and RBV. The patient had
no prior history of autoimmune diseases and the severe
hepatitis occurred after the HCV RNA level decreased to
below the detection limit.

Abstract

CASE REPORT

A 27-year-old Caucasian female with hepatitis C virus
(HCV) infection treated with interferon (IFN) who
developed severe autoimmune hepatitis (AIH) is
described. The infecting viral strain was of genotype
Ib and the pre-treatment HCV viral load was at a high
level. The patient was treated with pegylated IFN-alpha
2b and ribavirin, and her HCV-RNA became negative at
wk 12, but after that she developed fulminant hepatic
failure. The patient recovered after steroid pulse therapy
consisting of methylprednisolone 1000 mg/d for three
days which was administered twice. A needle liver biopsy
revealed the typical pathological findings of AIH.

Patient
The patient was a 27-year-old Caucasian woman from
South Caucasian Country. She had never consumed
alcohol. She had not received blood transfusions or
undergone surgery. Her sister and mother were receiving
treatment for Basedow's disease, but she had no
manifestation of Basedow's disease or other autoimmune
diseases.

© 2007 WJG . All rights reserved.
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INTRODUCTION
The most effective treatment for hepatitis C virus (HCV)
www.wjgnet.com

Present illness
She was found to be infected with hepatitis C virus during
her pregnancy and was referred to our department in
October 2005. She hoped to receive IFN therapy to reduce
the risk of transmission to her second baby. The HCV
genotype was Ib and the HCV RNA viral load was 4600
kIU/mL (high range) (Table 1). Alanine aminotransferase
(ALT) was 47 IU/L (normal < 35 IU/L). The markers
of hepatic functional reserve were within normal ranges
and ultrasonography of the liver indicated no abnormal
findings. After delivery, interferon therapy was commenced
with peg-IFN-alpha 2b (Peg-Intron®, Schering-Plough
Corp., NJ, USA) and RBV (Rebetol®, Schering-Plough)
on January 30, 2006. The clinical course of this anti-viral
therapy is illustrated in Figure 1. The initial doses consisted
of 100 µg peg-IFN per week and 600 mg RBV per day.
This therapy was well tolerated with minimal adverse
effects and HCV RNA became negative at wk 12. Around
the same time, a rise of transaminase was noted: ALT, 83
IU/L (normal < 35 IU/L); and asparate aminotransferase
(AST), 56 IU/L (normal < 30 IU/L). The dosage of peg-
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Table 1 Laboratory findings before interferon treatment
WBC
Hb
Plt
PT

5300 /μL
11.0 g/dL
452 × 103 /μL
101.8%

AST
ALT
LDH
ALP
γ-GTP
ChE

Total bilirubin
Direct bilirubin
Total protein
Albumin
BUN
Creatinine
Uric acid
Na
K
Cl
Total cholesterol
Glucose

39 IU/L
47 IU/L
176 IU/L
278 IU/L
11 IU/L
386 IU/L

0.6 mg/dL
0.1 mg/dL
7.7 g/dL
4.2 g/dL
16 mg/dL
0.8 mg/dL
3.4 mg/dL
140 mEq/L
4.5 mEq/L
104 mEq/L
133 mg/dL
77 mg/dL

HCV-Ab
HCV-RNA
HCV genotype
HBs-Ag
HBs-Ab
ANA
ASMA
AMA
IgG
IgA
IgM
HLA-DR
allele

Positive
4600 kIU/L
Ib
Negative
Negative
× 80
Negative
Negative
1635 mg/dL
108 mg/dL
283 mg/dL
DR17/DR13
DRB1*0301/*1302

WBC: white blood cell; Hb: hemoglobin; Plt: platelet; PT: prothrombin time; AST: asparate aminotransferase; ALT: alanine aminotransferase; LDH: lactate
dehidrogenase; ALP: alkaline phosphatase; γ-GTP: gamma glutamil transpeptidase; ChE: choline esterase; BUN: blood urea nitrogen; HCV: hepatitis C virus;
HBs-Ag: hepatitis B virus surface antigen; HBs-Ab: hepatitis B virus surface antibody; ANA: antinuclear antibody; ASMA: anti-smooth muscle antibody; AMA:
anti-mitochondrial antibody; Ig: immunoglobulin; HLA: human leukocyte antigen.

Table 2 Laboratory findings at onset of acute liver failure
WBC
Hb
Plt
PT
APTT

5800/μL
12.2 g/dL
290 × 103 /μL
41.4%
44.4 sec

AST
ALT
LDH
ALP
γ-GTP
ChE
Total bilirubin
Direct bilirubin
Total protein
Albumin

311 IU/L
280 IU/L
245 IU/L
571 IU/L
108 IU/L
124 IU/L
5.5 mg/dL
3.3 mg/dL
7.4 g/dL
3.1 g/dL

BUN
Creatinine
Uric acid
Na
K
Cl
Total cholesterol
Triglyceride
Glucose
CRP

5.0 mg/dL
0.7 mg/dL
2.8 mg/dL
138 mEq/L
3.9 mEq/L
105 mEq/L
175 mg/dL
67 mg/dL
127 mg/dL
0.2 mg/dL

Tyrosin
BCAA

262 μmol/L
313 μmol/L

TSH
T3
T4

0.499 μIU/mL
1.66 pg/mL
0.55 ng/dL

ANA
ASMA
LKM-1
AMA
IgG
IgA
IgM

× 160
Negative
Positive
Negative
2436mg/dL
175 mg/dL
280 mg/dL

HCV-RNA
HBs-Ag
HBs-Ab
HBc-Ab IgM
HAV
EBV
HSV
CMV

13 kIU/l
Negative
Negative
Negative
Negative
Negative
Negative
Negative

APTT: activated partial thromboplastin time; CRP: C-reactive protein; BCAA: branched-chain amino acid; TSH: thyroid-stimulating hormone; LKM-1:
antibody to microsomes type 1; HBc-Ab: hepatitis B virus core antibody; HAV: hepatitis A virus; EBV: Epstein-Barr virus; HSV: herpes simplex virus; CMV:
cytomegalovirus.
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Figure 1 Clinical course of peg-interferon (peg-IFN) plus ribavirin therapy
for hepatitis C virus infection. ALT: Alanine aminotransferase; AST: asparate
aminotransferase; T-Bil: total bilirubin.

IFN was reduced to 80 µg at wk 17, and 60 µg at wk 18
because of the persistent increase of ALT, and finally,
the treatment was discontinued at wk 19. Glycyrrhizinate

( S t r o n g e r n e o - m i n o p h a g e n C ®, M i n o p h a g e n
Pharmaceutical Co., Ltd., Tokyo, Japan) was administrated
intravenously, and ALT indicated a decreasing tendency
(peak ALT was 815 IU/L). After that, she showed jaundice
and a prolongation of the prothrombin time (PT) was
noted. Her human leukocyte antigen (HLA)-DR serotypes
were DR17 and DR13. She was admitted to our hospital
on June 30, 2006.
Physical findings on admission
Physical examination revealed: height 167 cm, weight 56 kg,
blood pressure 118/64 mmHg, body temperature 37.3℃,
and clear consciousness. The bulber conjunctiva was
slightly icteric. No peripheral edema, vascular spiders, and
flapping tremor were observed.
Clinical course
On admission, elevations of transaminases (ALT 280
IU/L, AST 311 IU/L) (Table 2) and total bilirubin (5.5
www.wjgnet.com
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Figure 2 Clinical course of fulminant hepatic failure. PSL: prednisolone; mPSL:
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Figure 4 Liver biopsy showing interface hepatitis with infiltration of plasma cells
and rosette formations. A, C: Hepatoxyline-Eosin staining; B: Elastica-Masson
staining.

that, the hepatic encephalopathy improved gradually. The
ALT level rose again on July 14, and steroid pulse therapy
was administered again. The ALT showed a decreasing
tendency again, after which she started oral intake. PT,
BUN, and UA had improved gradually. She was discharged
from our hospital on August 10.
A needle liver biopsy was performed on October
16 and it showed the typical pathological features of
autoimmune hepatitis. Interface hepatitis with infiltration
of inflammatory cells including plasma cells and rosette
formation, were found but no biliary change was noted
(Figure 4). The serum ALT levels were normalized over
the following six months by 10 mg of prednisolone per
day.

DISCUSSION
Figure 3 A, B: Abdominal CT at the onset of hepatic encephalopathy; C, D:
Enhanced abdominal MRI.

mg/mL) and decrease of blood urea nitrogen (BUN), uric
acid (UA), and PT were detected. Hepatitis A, hepatitis
B, cytomegalovirus, herpes simplex, and Epstein-Barr
virusesl were negative. Anti-nuclear antibody (ANA) was
× 160 (normal < × 80) and immunoglobulin G (IgG)
2436 mg/mL (normal < 1695 mg/mL), which were × 80
and 1635 mg/mL before the IFN treatment. Antibody
to liver/kidney microsomes type 1 (LKM-1) was positive.
Steroid pulse therapy (methylpredonisolone 1000 mg/d
for three days) was performed (Figure 2). Nevertheless,
hepatic encephalopathy appeared on July 3. Abdominal
computed tomography indicated massive necrosis of
hepatocytes (Figure 3). Brain magnetic resonance imaging
showed no abnormal findings. The findings of her electric
encephalogram were typical of metabolic encephalopathy.
Total parenteral nutrition was started. The protein load
was restricted and lactulose enemas were performed. After
www.wjgnet.com

IFN therapy for patients with HCV infection has
been reported to induce or exacerbate AIH [4-7] . In
the present case, severe hepatitis occurred after HCV
RNA had decreased to below the detection limit after
treatment with peg-IFN with RBV for 12 wk. The
patient presented the typical clinical features of serum
aminotransferase elevation, positive ANA and LKM-1,
and hypergammaglobulinemia, and responsiveness to
glucocorticoid therapy. The pathological findings showed
the typical features of AIH, which included interface
hepatitis with infiltration of plasma cells, and rossete
formation.
One of the explanations for the occur rence of
autoimmunity in HCV patients is the loss of self-tolerance
due to molecular mimicry between viral proteins and
self-antigen[8]. HCV infection is known to be related to
autoimmune disease, and chronic hepatitis C patients
show autoantibodies such as ANA and LKM-1. HCV
core protein has been reported to show homology with
cytochrome P450IID6, which could be recognized by
LKM-1 antibodies as seen in type 2 AIH[9,10]. Recently, AIH
has been found to occur in patients during IFN therapy
after liver transplantation for HCV liver cirrhosis[11,12].
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In the present case, AIH occurred during IFN therapy
and the patient developed fulminant hepatic failure when
HCV RNA had decreased to below the detection limit.
To our knowledge, there is no report of an HCV patient
who developed fulminant hepatic failure after peg-IFN
with RBV therapy. Peg-IFN with RBV is an established
therapy for chronic hepatitis C patients but AIH should be
considered as a potential complication of therapy leading
to severe hepatitis. Especially, longer treatment duration
(48 wk) and prolonged elevation of serum IFN levels in
the pegylated-IFN could contribute to the development
of autoimmune phenomenon. Liver biopsy in the
early phase of acute liver injury to determine whether
immunnosuppression therapy may be required for such
patients. In Asians, the development of AIH during antiviral therapy is believed to be rare, although the potential
risk should be taken into consideration if female young
Caucasian case is treated like this report. However, the
treatment of recurrence of HCV after cessation of antiviral therapy due to the emergence of autoimmune
hepatitis like our case is a very difficult clinical decision to
make. Probably, the interferon based antiviral therapy, the
most standard anti-viral agent, could remain as the mainstream regimen for next decade. The balance between antiviral effects and possible autoimmune phenomena could
be key factors as described previously[13,14]. Small molecules
such as HCV protease inhibitor, either as monotherapy or
combined with other small molecules, could be the first
choice for the treatment of the current case in future.
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Abstract
We report a case of hypovascular advanced hepatocellular carcinoma (HCC) successfully treated with a
novel combination therapy of percutaneous ethanollipiodol injection (PELI) and intervention radiology (IVR),
lipiodol-targetting IVR (Lipi-IVR). The present case
had a hypovascular HCC (3 cm in diameter) located
in the S6 region of the liver. Although the tumor was
not detectable at all by both of early and late phase of
helical dynamic computed tomography (CT), it could
be detected by ultrasonography (US) as a low echoic
space occupying lesion (SOL) beside the gallbladder and
right kidney. Serum levels of alpha fetoprotein (AFP)
and AFP-L3 were extremely high. Combination therapy
of PELI, firstly reported in our department, and IVR
(PELI and IVR, lipiodol-targetting IVR) was performed
twice for the treatment. PELI could effectively visualize
the location of the tumor for IVR treatment and show
the presence of a thin blood vessel branching from the
right hepatic artery flowing into the lipiodol deposit.
After treatment, the serum levels of AFP and AFP-L3
were rapidly decreased to normal and maintained for
more than eight months. Thus, this case expressing
the tremendous effect might give us insight into the
effectiveness of the novel combination therapy of PELI
and IVR for the treatment of hypovascular HCC.
© 2007 WJG . All rights reserved.
www.wjgnet.com
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INTRODUCTION
Hepatocellular carcinoma (HCC) is still one of the
most progressive malignancies resistant to treatment [1].
Although several treatment modalities are currently
used for the treatment of HCC, radiofrequency ablation
(RFA) now plays a central role in local control of hepatic
malignancies[2-4]. To improve the therapeutic effects of
RFA, we innovated the novel combination therapy of
percutaneous ethanol injection and RFA[5-8] and showed
that this combination therapy could induce wider
coagulated necrosis with smaller energy requirement [9].
Moreover, injection of the mixture of ethanol and
lipiodol (PELI) is effective for the treatment of HCC
difficult to treat with RFA[10,11]. Although HCC is usually a
hypervascular tumor, some HCCs known as hypovascular
HCC have no blood vessel. Hypovascular HCC is difficult
to treat with intervention radiology (IVR) due to the lack
of the feeding artery into the tumor. Here, we report a case
of hypovascular HCC totally eliminated with combination
therapy of PELI and IVR and normal levels of AFP and
AFP-L3 were maintained for a long period of time.

CASE REPORT
In April, 2006, a 56-year old woman positive for hepatitis
B virus was admitted because of a recurrence of HCC.
Four years ago, the patient underwent radiofrequency
ablation (RFA) therapy for HCC located in the S6 region
of the liver. The tumor was eliminated and serum levels
of AFP and AFP-L3 were maintained within the normal
range over the following four years. However, the levels
of AFP and AFP-L3 started to gradually increase at the
beginning of 2006. To detect recurrent tumor, helical
dynamic computed tomography (CT) and ultrasonography
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Figure 1 Helical dynamic CT in the late phase before tumor targetting by lipiodol
(A), US of the right hepatic lobe before tumor targetting by lipiodol (B), plain CT
after tumor targetting by lipiodol (C), and angiogram of the celiac artery after tumor
targeting by lipiodol (D). RHA: right hepatic artery; GB: gall bladder; KID: kidney.

(US) were performed. Although US could detect a low
echoic space occupying lesion (SOL) of 3 cm in diameter
beside the gallbladder and right kidney (Figure 1A), the
tumor was not detectable at all by helical dynamic CT
(Figure 1B), indicating that it was not a hypervascular, but a
hypovascular HCC. The hypovascularity suggested that the
tumor could not be detected by angiography. Consequently,
we injected a mixture of ethanol and lipiodol, a technique
pioneered in our department in 2004[10,11], by a US-guided
approach to mark the main tumor and make it visible in
angiography. Plain CT showed a massive lipiodol deposit
in the tumor area (Figure 1C). The serum level of of
AFP was decreased to 101 ng/mL while the serum level
AFP-L3 was unchanged after injection of the mixture of
ethanol and lipiodol. An angiogram of the celiac artery,
following lipiodol treatment, clearly showed the location
of the tumor (Figure 1D, arrow heads) along with a
thin vessel branching from the right hepatic artery and
flowing into the lipiodol deposit (Figure 1D, arrow). Next,
5-fluorouracil (5-FU) was injected into the thin blood
vessel after a super-selective canulation. After 5-FU was
injected twice, the serum levels of AFP and AFP-L3 were
finally decreased to 2.8 ng/mL and 0%, respectively, in
August, 2006. These markers were still within the normal
range in April 2007.

DISCUSSION
Despite intensive efforts to develop treatment modalities
for HCC, the prognosis of HCC remains relatively poor[12].
RFA plays a central role in the local control of HCC
and a number of attempts have been made to enhance
the therapeutic effect of RFA by combining RFA with
transcatheter arterial chemoembolization[13,14]. We have
recently reported successfully treated HCC cases, of

4399

which 1 had diffusely distributed HCC accompanied
with tumor thrombus and was treated with combination
therapy of 5-FU and pegylated IFN [15]. Another case
had a large-size encapsulated lump of HCC and was
treated with transarterial chemoembolization followed
by the combination of PELI and RFA [16]. The present
case had a hypovascular HCC which was different from
those previously reported. Although HCC is usually
a hyper vascular tumor, hypovascular HCC resistant
to IVR can still be observed. Logically, administration
of anticancer chemical reagents by IVR should not
be effective against hypovascular HCC due to a low
flow of the arterial blood into the tumor. We modified
percutaneous ethanol injection therapy to produce
percutaneous ethanol-lipiodol injection therapy (PELIT)
for HCC that cannot be imaged by US or CT. By utilizing
PELI, the tumor in this patient was made visible by
angiography and injection of 5-fluorouracil was sufficient
to dramatically decrease both AFP and AFP-L3 levels to
the normal range, demonstrating that PELI can reveal
the presence of small blood vessels flowing into HCC
even though a hypovascular tumor diagnosed by CT and
importantly can mark the precise location of the tumor
at angiography. Dramatic therapeutic effects seen in this
patient may result from the direct tumor targeting by
lipiodol or the enhancement of anti-tumor activity of
5-FU by lipiodol. Effect of 5-FU may be enhanced by
filling the tumor with lipiodol prior to the injection of
5-FU. Thus, injection of 5-FU after lipiodol injection may
open up new avenues for the treatment of advanced HCC.
This new technology may be effective for the treatment of
both hypovascular and hypervascular HCC. Further study
is needed to elucidate it.
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INTRODUCTION
Abstract
A 57-year-old man consulted a local hospital because
of a persistent slight fever. At the age of 37 years he
was diagnosed
������������������������������������������������
having B-type hepatitis, but left the
liver dysfunction untreated�����������������������������
.����������������������������
Twenty���������������������
���������������������������
years���������������
later,��������
h������
�������
e was
diagnosed having chronic hepatitis B, hepatocellular
carcinoma (HCC) and macrocytic anemia, and referred
to our hospital for further investigation. A HCC with
a �������������������������������������������
maximum������������������������������������
diameter of 5.2 cm was detected in
segment 8. Results of blood tests included 1.8 mg/dL
serum total bilirubin, 0.9 mg/dL bilirubin, less than
10 mg/dL haptoglobin, 7.9 g/dL hemoglobin, 130 fL�
MCV������������
, and 14.5% reticulocyte������������������������
������������������������������������
s�����������������������
. A bone marrow sample
showed erythroid hyperplasia. The direct Coombs test
gave a positive result. We diagnosed the anemia as
autoimmmune hemolytic anemia (AIHA), for which
prednisolone could not be administered due to positivity
for HBsAg and HBeAg. After preparation of washed
blood cells for later transfusion, the patient underwent
systematic resection of segment 8. The cut surface of
the resected specimen demonstrated an encapsulated
yellow-brownish tumor measuring 52����
mm ��
×�������
������
40 mm
which was diagnosed pathologicaly as moderately
th
differentiated HCC. On the 9 postoperative day, the
patient�������������������������
’������������������������
s temperature rose to 38℃, and exacerbated�
hemolysis was observed. The maximum total bilirubin
value was 5.8 mg/dL and minimum hemoglobin level
was 4.6 g/dL. He tolerated this period without blood
transfusion. Currently he is being followed up as an
outpatient, and shows no signs of HCC recurrence or
symptoms of anemia.������������������������������������
AIHA
�����������������������������������
associated with HBV infection
has been described in only three previous cases, and the
present case is the first in which surgery was performed
for accompanying HCC.
© 2007 WJG . All rights reserved.

Key words: Hepatocellular carcinoma; B-type hepatitis;
Auto-immune hemolytic anemia

Autoimmune hemolytic anemia (AIHA) is a disease
characterized by hemolysis caused by auto-antibodies
targeting erythrocytes, and is exacerbated by stress [1].
In this report, we describe a patient with����������
���������
AIHA who
underwent resection of a hepatocellular carcinoma (HCC),
but subsequently showed improvement of anemia.

CASE REPORT
A 57-year-old man consulted a local hospital because of
a slight fever for 2 wk. At the age of 37 years, he was
����
diagnosed having liver dysfunction due to B-type hepatitis,
but had left it untreated for 20 years. His blood chemistry
data showed liver dysfunction and macrocytic anemia, and
a liver tumor was found by abdominal ultrasonography. He
was, therefore, referred to our hospital in November,�������
������
2003.
On physical examination, his conjunctivae were anemic.
The liver was palpable one finger-breadth below the right
costal margin, but the spleen was not palpable. His family
history showed that his elder brother died of liver disease
at the age of 53, but the details were unknown. ����
T���
he
patient under�������������������������������������������
went���������������������������������������
abdominal surgery twice (appendectomy
for appendicitis at the age of 19 and cholecystectomy for
cholelithiasis at 35)�����������������������������������
and�������������������������������
receive�����������������������
d no�������������������
blood transfusion�
prior to admission to our hospital�.
Blood tests revealed impaired liver function, hemolysis
and macrocytic anemia������������
�����������
(Table�����
����
1). ��������
The AFP ���������
and PIVKAⅡ
levels were also high. The ��������������������������������
i�������������������������������
ndocyaningreen (ICG) retention
rate at 15 min was 13%. HBs antigen, HBs antibody, Hbe
antigen, HBe antibody and HBc antibody were positive��.�
HBV-DNA PCR showed viral proliferation. Serological
tests for syphilis, HCV antibody, antinuclear and antiDNA antibodies, HAM test and sugar water test all gave
negative results. However, direct and indirect Coombs tests
gave positive results, and the cold agglutinin titer increased
256-fold. A bone marrow sample showed erythroid
hyperplasia.
Abdominal ultrasonography and computed tomography
www.wjgnet.com
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Table 1 Blood test data
AST 		
67 U/L
ALT		
64 U/L
LDH		
318 U/L
(LDH1: 36.1%, LDH2: 34.2%)
T. Bil		
1.8 mg/dL
(D.Bil: 0.9 mg/dL, I.Bil: 0.9 mg/dL)
TP		
6.2 g/dL
Alb		
3.8 g/dL
ICGR15		
13%
AFP		
869 ng/mL
PIVKA-II		
301 AU/mL
Direct Coombs test
Positive
Anti-nuclear antibody Negative
HAM test		
Negative
Sugar water test
Negative
Cold agglutinin titer 256 times

WBC		
RBC		
Reticulocyte
HGB		
HCT		
MCV		
PLT		
PT%		
HBsAg
HBsAb
HBeAg
HBeAB
HBcAb
HBV-DNA PCR
TPHA		
HCVAb

2700 × 106/L
199 × 1010/L
14.5%
7.9 g/dL
23.6%
130 fL
6 × 109/L
68%
69 COI
172 COI
108 COI
40 Inh%
100 Inh%
5.9 LGE/mL
Negative
Negative

(CT) revealed a liver tumor with a maximum diameter
of 5.2 cm in segment 8, which was enhanced by contrast
material (Figure�������������������������������������
1A). Abdominal angiography showed a
������������������������������������
hypervascular liver tumor (Figure����������������������
1B),
���������������������
but portography
demonstrated no abnormality.
Under a diagnosis of HCC, chronic B-type hepatitis
and AIHA, the patient underwent systematic resection
of segment 8. The operation time was 5 h 42 min and
bleeding volume was 642 m�����������������������������
L����������������������������
. Blood transfusion was not
required.
The cut surface of the resected liver specimen (S8)
demonstrated an encapsulated yellow-brownish tumor
measuring 52����
mm� ��
×������������������������������������
�����������������������������������
40 mm (Figure����������������������
���������������������
2). Histology showed
the ������������������������������������������������������
characteristic����������������������������������������
s of HCC with moderately differentiated
neoplastic cells in a trabecular pattern. The tumor
was solitary, but as vascular invasion was present, the
classifica���������������������������������
t��������
ion was T2N0M0
������������������������������������
according to the UICC
����� Manual
�������
of Clinical Oncology (English Edition)[2].
T he patient recovered steadily, but on the 9 th
postoperative day, his temperature rose to 38℃, and
antibiotics were administered. At the same time,
exacerbation of hemolysis was observed��������������
,�������������
the maximum
total bilir ubin value was 5.8 mg/dL and minimum
hemoglobin level was 4.6 g/dL. He tolerated this period
without blood transfusion, and the symptoms gradually
improved over the course of about one week. On the 26th
postoperative day, he received two units of washed blood
cells due to increased activity and was discharged three
days later (Figure����
3).
���
For treatment of B-type hepatitis, lamivudine (100 mg/d)
was administered from the 29th postoperative day, and the
blood tests for HB virus subsequently became negative
about four months later. Because of improvement of the
anemia with a hemoglobin level of 9.3 g/dL 9.7 g/dL,
prednisolone was not administered for treatment of AIHA
after surgery. The patient is currently being followed up as
an outpatient, and shows no signs of HCC recurrence.

DISCUSSION
AIHA is a disease in which erythrocytes are injured
by an auto-antibody that reacts with an antigen on the
www.wjgnet.com
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erythrocyte membrane. This results in both intra- and
extravascular hemolysis, and anemia[1]. AIHA is classified
into �������
“������
warm��”����
���
or �������
“������
cold��”�����������������������������������
����������������������������������
AIHA according to the temperature
at which the antibody acts. IgG or complement on
erythrocytes can be detected by direct Coombs test. Several
reasons for the appearance of auto-antibody have been
suggested�������������������������������������
.������������������������������������
(����������������������������������
�����������������������������������
1) Erythrocytes are recognized as ���������
“��������
non-self ��”�
as a result of a change of their surface antigen��;��������
(������
�������
2) An
antibody originally directed to an invasive microorganism
cross-reacts with an erythrocyte antigen��;��������������
(������������
�������������
3) Immunity
tolerance fails due to an abnormality of the immunity
response system��;�����
����
(���
4) ������������������������������������
The clone responsible for producing
an auto-antibody increases in a monoclonal or polyclonal
manner. However, the fundamental causes or mechanisms
are unclear.
AIHA has been repor ted to be associated with
several liver diseases, including autoimmune hepatitis in
15 cases[3-7], C-type hepatitis in 11[8-18], B-type hepatitis
in 2[19,20], cytomegalovirus hepatitis in one[21], and A-type
hepatitis in 1[22]. Autoimmune responses may play a major
role in inducing the combination of the two diseases.
Further more, there ���������������������������
are �����������������������
a number of reports of
HBV infections associated with polyarteritis nodosa,
membranous glomerulonephritis, and Gianotti disease[23,24].
An autoimmune reaction participates in all these diseases.
A���������������������������������������������������
nemia deteriorated i�������������������������������
��������������������������������
n 6 of 11 patients with C-type
hepatitis complicated by AIHA, because of interferon
therapy for chronic active C-type hepatitis�����������������
.����������������
These findings
suggest that activation of the immunological response
can lead to production of auto-antibody directed against
erythrocytes, thus worsening AIHA. Before presentation,
our patient had suffered from chronic HBV infection
for at least 20 years. Therefore, it can be speculated that
the patient������������������������������������������
’�����������������������������������������
s immune ��������������������������������
response������������������������
was stimulated by HBV,
thus contributing to production of the anti-erythrocyte
antibody and induction of AIHA.
The primary treatment for AIHA is steroid
medication. If this is ineffective, splenectomy or an
immunosuppressant can be considered instead. Although
treatment of AIHA before surgery may be advisable,
our patient could not administer prednisolone due to
the presence of HBV. Therefore, we selected surgical�
���������
treatment as the first option.
This is the first reported case of AIHA in which
surgery was performed for an accompanying HCC. For
patients with AIHA, transfusion of washed blood cells is
desirable. However, irrespective of the type of transfusion
performed, hemolysis occurs. Therefore, in this case,
blood transfusion was given only once.
Although splenectomy has been performed for many
patients with AIHA, surgery for tumors complicating
AIHA has been reported for only two patients with renal
cell carcinoma [25], and 19 patients with benign ovarian
cysts[26,27]. In the case of renal cell carcinoma complicated
by AIHA, prompt resolution of AIHA occurred after
surgical excision. In �������������������������������������
17 ����������������������������������
of the 19 cases of benign ovarian
cyst, the AIHA also improved after surgical excision. For
AIHA complicated by dermoid cyst, steroid treatment
may sometimes be slightly effective. There is one case
report of a Japanese patient who underwent transcatheter
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Figure 1 Helical
dynamic abdominal
CT revealing a
liver tumor with a
maximum diameter
of 5.2 cm in segment
8 (A) and abdominal
angiography
showing hypervascularity in it (B).

Angiography

Enhanced
late phase

Table 2 Cases of AIHA complications
Complicated disease		

Number of complications by AIHA

A-type hepatitis				
B-type hepatitis				
C-type hepatitis				
Autoimmune hepatitis				
CMV hepatitis				
Renal cell carcinoma				
Benign ovarian tumor				
HCC					

Figure 2 Gross appearance of resected specimen. The cut surface of the
resected liver specimen (S8) showed an encapsulated yellow-brownish tumor
measuring 52 mm × 40 mm and 250 g.

30

HBG: g/dL
HCT: %
I-Bil: mg/dL

HBG
HCT
I-Bil

20

10

  0

↑0

↑9

↑19

↑26↑29

Figure 3 Postoperative course. ↑0: Operation, ↑9:Fever up, ↑19: Sleep out, ↑26:
Blood transfusion of washed blood cells, ↑29: Discharged and started intake of
lamivudine.

1
2
11
14
1
1a
19b
2c

In patients with renal cell carcinoma (a) and ovarian tumor (b), AIHA
improved after resection of them. In two cases of HCC complicated by AIHA
(c), one is our case and the other is a case that revealed the symptom of AIHA
after TAE for HCC.

the partial liver resection, and developed the symptoms
of AIHA after this treatment (Table���
��
2) [��8�] . It is thus
unprecedented for liver resection to be performed for a
patient with AIHA. In our patient also, anemia improved
after surgical excision without treatment of AIHA. In the
cases of ovarian tumor mentioned above, AIHA might be
regarded as a concomitant symptom of dermoid cyst, i.e.
a para-neoplastic syndrome. In our patient, however, we
were unable to clearly demonstrate whether AIHA was a
para-neoplastic syndrome due to HCC.
Our patient is now being followed up on an outpatient
basis, and shows no signs of hepatitis vir us, HCC
recurrence or symptoms of anemia. This is the first report
of safe and successful resection of a complicating liver
tumor in a patient with AIHA.
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Abstract
Spontaneous rupture of the liver is a rare condition with
serious consequences, if not recognized and treated in
time. It has been reported as a complication of several
disorders, including benign or malignant liver tumors,
connective tissue disease, infiltrating liver disease,
preeclampsia, and post anticoagulant therapy. We
report a case of spontaneous rupture of liver in a noncirrhotic, chronic hepatitis B and D patient presenting
with acute hemoperitoneum and shock. The subcapsular
hematoma and rupture of liver were documented
by image studies. The patients' condition gradually
stabilized after fluid resuscitation. The reported case
and literature review suggest that spontaneous rupture
of liver must be considered in a differential diagnosis of
acute hemoperitoneum. A high index of suspicion and
early diagnosis with imaging are critically important.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Atraumatic spontaneous r upture of the liver is an
uncommon but important clinical entity associated with
a high morbidity and mortality. Possible causes include
infections such as hydatid disease, infiltrating liver diseases
such as amyloidosis, inflammatory disorders such as
vasculitis, malignant and benign tumors, and pregnancy

related conditions[1]. We describe a case of spontaneous
liver rupture, which mimics the rupture of hepatocellular
carcinoma (HCC), in a patient with dual viral infection of
hepatitis B and D viruses. To the best of our knowledge,
this is the first case of spontaneous liver rupture occurred
in a patient with dual viral infection at non-cirrhotic stage.

CASE REPORT
This 43-year-old male taxi driver was diagnosed to have
aortic dissection and underwent ascending aortic graft
surgery at a medical center 8 years ago, with sequellae
of paraplegia and urine incontinence. He had diabetes
mellitus and hypertension with regular medication control
at our hospital and was found to be seropositive for
hepatitis B surface antigen (HBsAg) during the past 10
years, but he paid no attention to it. Unfortunately, he was
admitted because of nausea, vomiting and intermittent
right upper abdominal dull pain for one week. The
pain could radiate to right upper back and neck, 10-20
min in duration, not related to exercise and relieved
spontaneously. He denied any trauma history prior to
admission. The pain became more severe with sharp and
tearing like features in the midnight prior to admission.
On arrival, he was sick, pale and mild short of breath.
His blood pressure was 106/66 mmHg, heart rate 102
beats/min, temperature 35.7℃, and respiratory rate
24/min. Tenderness on epigastric and right upper quadrant
of abdomen without rebound pain or shift dullness was
demonstrated. The liver span was 12 cm in right middle
clavicle line. The laboratory tests at emergency room
showed 12.9 g/dL hemoglobin, 38.9% hematocrit, 23.8 ×
109/L leukocytes, 80 × 109/L platelets, 38 U/L (normal
< 34 U/L) aspartate transaminase, 59 U/L (normal < 36
U/L) alanine transaminase, 1.2 mg/dL (normal < 1.3 mg/
dL) total bilirubin, 85 U/L (normal 28-94 U/L) alkaline
phosphatase, 147 U/L (normal < 26 U/L) γ -glutamyl
transpeptidase, 13.3 s (control: 10.8 s) prothrombin time,
2.5 g/dL albumin, 83 U/L (normal < 137 U/L) amylase,
230 U/L (normal < 190 U/L) lipase, 17.9 mg/dL blood
urea nitrogen, 2.4 mg/dL creatinine, and 5 ng/mL
α-fetoprotein by radioimmunoassay. Unfortunately, fever,
chills and hypotension occurred 12 h after admission. His
blood pressure dropped to 64/43 mmHg, heart rate was
120 beats/min, respiratory rate was 25/min and central
venous pressure was 4 cm H2O. Follow-up hemoglobin fell
to 5.8 g/dL, and hematocrit to 18%. HBsAg and antibody
to hepatitis delta virus were positive by radioimmunoassay
(Ausria Ⅱ, and Anti-Delta, Abbott Laboratories, Chicago,
www.wjgnet.com
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Figure 1 Abdominal CT on admission showing a subcapular hematoma and a
ruptured cleft at the right posterior-superior segment of liver.

Figure 2 Follow-up CT 5 mo later showing the decreased size of subcapsular
hematoma (3.5 cm).

IL, USA). Antibody to hepatitis C virus by the third
generation enzyme immunoassay kit (AxSYM ® HCV.
Version 3.0 Abbott Lab) was negative. Abdominal
ultrasonography (US) revealed intra-abdominal fluid
collection and a 15 cm right subcapsular hematoma over
a non-cirrhotic liver. Abdominal computed tomography
(CT) and magnetic resonance imaging (MRI) revealed a
right subcapsular hematoma and a ruptured at the right
posterior-superior segment of liver (Figure 1) besides a
type B aortic dissecting aneurysm. No hepatic aneurysmal
lesions were detected in abdominal CT or MRI studies.
Coronary arteriography revealed coronary arterial disease.
Aortogram revealed chronic complex aortic dissection
without rupture. Selective catheterization of the bleeding
branch of the hepatic artery was unsuccessful due to
tortuous vessels. US guided paracentesis from the right
subcapsular hematoma revealed fresh blood with clotting
immediately. The patients’ general conditions, including
hemogram, body temperature, heart rate, respiratory
rate and blood pressure gradually improved after blood
transfusion and intravenous fluid resuscitation. He was
discharged 13 d after symptoms subsided, and followed
up at our outpatient clinic regularly. Follow-up CT 5 mo
later showed a 3.5 cm low density liver mass over the right
posterior-superior segment (Figure 2). Biopsy of the mass
showed only hematoma component without malignancy.
The pathology of liver rather than the mass showed
chronic persistent hepatitis with the histological activity
index (necro-inflammatory score 3 and fibrosis score 0).
Liver biochemical tests and alpha-fetoprotein value were
normal. The liver hematoma became smaller (1 cm) one
year later by CT study. Now, he enjoys his life 4 years after
initial diagnosis and no hepatic lesion was detected during
the subsequent follow-up.

Otherwise, it is spontaneous[3]. However, in the literature
regardless of underlying disease, atraumatic liver rupture is
synonymous with spontaneous liver rupture. The clinical
manifestations of atramatic acute hemoperitoneum,
right subcapsular hematoma of liver, and evidence
of chronic hepatitis without HCC in the present case
strongly suggest that he was a victim of spontaneous liver
rupture. Certainly, it is very difficult to distinguish between
atraumatic spontaneous rupture and rupture following
trivial trauma.
HCC rupture is the most frequently reported cause
of spontaneous liver rupture [4,5]. From a review of 70
Chinese patients with spontaneous liver rupture reported
by Chen et al[5], the major cause is HCC (85.7%) followed
by adenoma (5.7%), cirrhosis (4.3%), hemangioma
(2.9%), and metastatic liver tumor (2.9%)[5]. Review of
the literature disclosed that other conditions associated
with spontaneous liver rupture include other benign and
malignant liver tumors, pregnancy related disorders (acute
fatty liver, preeclampsia and eclampsia of pregnancy[6,7],
amyloidosis [2], peliosis hepatitis, autoimmune diseases
(systemic lupus erythematous, rheumatoid arthritis, EhlersDanlos syndrome, polyarteritis nodosa)[8,9], anticoagulant
therapy, liver transplantation[1], aortic aneurysm surgery[10],
peritoneal hemodialysis[11], and perforated gastric ulcer[12].
Atraumatic liver r upture is usually preceded by
subcapsular hematoma [6] . Epigastric or right upper
quadrant abdominal pain is the most common symptom
of subcapsular hepatic hemorrhage. Patients may suffer
from pain for several days or weeks before rupture of the
capsule. Physical examination usually reveals hepatomegaly,
right upper quadrant tenderness. Abdominal distention,
peritoneal signs and shock are usually present when
rupture Occurs[2,4]. The diagnosis of spontaneous liver
rupture is often confirmed by imaging studies in a stable
patient because initial clinical suspicion is low. In a
hemodynamically unstable patient, an abdominal US in an
emergency room may demonstrate ascites in the peritoneal
cavity and a mass lesion in liver. Hepatic subcapsular
hematoma can be diagnosed by abdominal US, MRI or
nuclear scan, but abdominal CT is the most sensitive and
specific imaging examination[13]. Abdominal US can usually
distinguish liver rupture from biliary tract disease, and can
diagnose a subcapsular hematoma. However, it is difficult

DISCUSSION
Hepatic rupture is mostly caused by trauma. Clinical
conditions inducing he patomeg aly, for example,
amyloidosis, malaria, venous stasis and enlarged liver
tumors, predispose to traumatic rupture [2]. Atraumatic
liver rupture is a rare condition with serious consequences,
if not recognized and treated in time. Strictly speaking,
it is pathologic if the patient has an underlying disease.
www.wjgnet.com
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to distinguish hepatic hematoma from liver abscess by
US only and these two entities should be differentiated
by other methods such as abdominal CT or paracentesis.
Paracentesis can also document blood in the peritoneal
cavity when rupture occurs [6]. Control of bleeding is
the crucial management in patients with spontaneous
liver rupture. Treatment options include conservative
treatment, transcatheter hepatic arterial embolization,
or surgery. In patients with spontaneous HCC rupture,
surgery can achieve hemostasis in more than 95% of
cases[5] and selective surgical intervention is better than
an aggressive surgical approach[14]. Transcatheter hepatic
arterial embolization gives usually only temporary effect
with surgical intervention in ruptured amyloid livers [2].
However, the mortality is the highest with surgery and the
lowest with transcatheter hepatic arterial embolization of
a bleeding hepatic artery when rupture occurs in pregnant
women [7]. These reports suggest that the best choice
of treatment depends on the underlying etiology and
individualized patient’s condition.
The exact mechanism of spontaneous liver rupture is
controversial. Spontaneous liver rupture in amyloidosis
has been thought to be due to liver enlargement, rigidity
of hepatic parenchyma, and vascular fragility from
amyloid involvement [15]. Spontaneous liver rupture in
pregnancy may be due to hepatic infarction resulting from
gross ischemia and obstruction to the sinusoidal blood
flow by deposited fibrin and relative hypovolemia[6]. In
HCC or other malignant liver tumors, the pathogenesis
of spontaneous liver rupture may be attributed to the
overlying normal liver parenchyma splitting from the
expanding tumor growth, a tear in tumor surface, rupture
of parasitic feeding artery, or hemorrhage caused by
tumor necrosis locating near the liver surface[16]. Venous
congestion secondary to obstruction of hepatic venous
outflow of the tumor by thrombi, together with rich and
fragile arterial supply may contribute to the rupture of
HCC[17]. We have previously reported a spontaneous spleen
rupture patient with hepatitis B virus related cirrhosis[18],
and two cases of spontaneous liver rupture in cirrhosis
were also mentioned by Chen et al[5]. Portal hypertension
may play an important role in these 3 cases. To the best
of our knowledge, the present case is the first case of
spontaneous liver rupture in a non-cirrhotic liver disease.
Liver biopsy of this patient showed fibrosis score 0 by
histological activity index scoring system[19], excluding the
possibility of liver cirrhosis, even though a possible sample
bias was present. Li et al[9] speculated that spontaneous liver
rupture in polyarteritis nodosa is due to massive bleeding
from an aneurysmal intrahepatic artery. The present case
suffered from chronic aortic dissecting aneurysm and
perhaps concomitant vascular lesions, such as a small
intrahepatic aneurysm along with hepatitis. However,
abdominal CT and MRI revealed no hepatic aneurysmal
lesions. Detailed history and careful physical examination
excluded traumatic injury. The definite cause of liver
rupture in our case remains unclear.
In summary, spontaneous liver rupture is a medical
emergency. This case report suggests that the possibility of

		

4407

spontaneous liver rupture should be considered if a patient
presents with acute hemoperitoneum. It is a diagnostic and
therapeutic challenge for the clinician because of its rarity
and potential lethal entity. The optimal choice of treatment
depends on the underlying etiology. Understanding the
common causes of spontaneous liver rupture helps the
clinician to make a correct judgment and management in
time.
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